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METHODS AND APPARATUS FOR
ULTRASOUND IMAGING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/920,639, filed on Mar. 29, 2007,
the disclosure which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] The invention relates generally to the field of ultra-
sound imaging. More specifically, embodiments of the inven-
tion relate to methods and systems for reducing noise when
imaging blood vessels.

[0003] Ultrasound is used to image various internal body
structures such as organs like the heart and liver, blood ves-
sels, and fetuses in pregnant women. B-mode imaging is a
technique used to image blood vessels. In a vessel, blood
generally exhibits lower echo power than vessel walls or
surrounding tissues do, resulting in high contrast. The surface
layer of vessel walls, or intima, is of particular interest in
diagnosing cardiovascular diseases such as arteriosclerosis,
stenosis or coronary blockages. The thickness of the intima is
typically measured and is used in diagnosis. However, due to
various causes, clutter noise usually appears in the lumen of
blood vessels which makes the intima thickness measurement
difficult.

[0004] There is a need to reduce noise present in blood
vessel images.

SUMMARY OF THE INVENTION

[0005] The inventor has discovered that it would be desir-
able to have a system and method that uses blood flow infor-
mation to reduce clutter noise in blood vessel B-mode
images.

[0006] One aspect of the invention provides a method to
suppress clutter noise manifest by returned ultrasound signals
when imaging blood vessels by transmitting ultrasound sig-
nals to and receiving ultrasound signals from the blood ves-
sels several times per position. The method includes process-
ing the returned ultrasound image signals to produce a
B-mode image output, demodulating the returned ultrasound
signals to produce Doppler signals, wall filtering the Doppler
signals to only pass the flow components of the signals, cal-
culating a flow component parameter (e.g. amplitude a, power
a2, power raised to a power a® and a combination of these
values), generating a gain control signal o based on the flow
component parameter, and controlling the output of the
B-mode image processor with the gain control signal o
wherein noise manifest in the B-mode image processor out-
put is suppressed.

[0007] Another aspect of the invention provides a method
to suppress clutter noise manifest by returned ultrasound
signals when imaging blood vessels by transmitting ultra-
sound signals to and receiving ultrasound signals from the
blood vessels several times per position. Methods according
to this aspect of the invention include processing the returned
ultrasound image signals to produce a B-mode image output,
wall filtering the returned ultrasound image signals to only
pass the flow components of the signals, calculating a flow
component parameter (e.g. amplitude ¢, power ¢, power
raised to a power ¢® and a combination of these values),
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generating a gain control signal a based on the flow compo-
nent parameter, and controlling the output of the B-mode
image processor with the gain control signal o wherein noise
manifest in the B-mode image processor output is suppressed.
[0008] Another aspect of the invention provides a system
for suppressing clutter noise manifest by returned ultrasound
signals when imaging blood vessels by transmitting ultra-
sound signals to and receiving ultrasound signals from the
blood vessels several times per position. Systems according
to this aspect of the invention include a receiver configured to
receive the returned ultrasound image signals and output
received signals, a B-mode image processor coupled to the
receiver configured to output a B-mode processed image from
the received signals, a Doppler flow detector coupled to the
receiver configured to demodulate the returned ultrasound
image signals to produce Doppler signals and having a wall
filter configured to filter the Doppler signals and output only
flow components of the Doppler signals, a gain control gen-
erator coupled to the Doppler flow detector configured to
calculate a flow component parameter (e.g. amplitude a,
power a®, power raised to a power a’ and a combination of
these values)and generate a gain control signal a. based on the
flow components, and a signal combiner coupled to the gain
control generator and the B-mode image processor, the signal
combiner configured to modify the B-mode processed image
output with the gain control signal o wherein noise manifest
in the B-mode processed image is suppressed.

[0009] Another aspect of the invention provides a system
for suppressing clutter noise manifest by returned ultrasound
signals when imaging blood vessels by transmitting ultra-
sound signals to and receiving ultrasound signals from the
blood vessels several times per position. Systems according
to this aspect of the invention include a receiver configured to
receive the returned ultrasound image signals and output
received signals, a B-mode image processor coupled to the
receiver configured to output a B-mode processed image from
the received signals, an RF flow detector coupled to the
receiver, the flow detector having a wall filter configured to
filter the returned ultrasound RF signals and output only flow
components of the received signals, a gain control generator
coupled to the RF flow detector configured to calculate a flow
component parameter (e.g. amplitude c, power c?, power
raised to a power ¢” and a combination of these values)and
generate a gain control signal o based on the flow compo-
nents, and a signal combiner coupled to the gain control
generator and the B-mode image processor, the signal com-
biner configured to modify the B-mode processed image out-
put with the gain control signal o wherein noise manifest in
the B-mode processed image is suppressed.

[0010] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the invention will be apparent from the description and draw-
ings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an exemplary B-mode image of a blood
vessel exhibiting clutter noise.

[0012] FIG. 2 is an exemplary blood flow image.

[0013] FIG. 3 is an exemplary B-mode image after clutter
noise suppression.

[0014] FIG. 4 is an exemplary system diagram of a clutter
noise suppression system for B-mode images using Doppler
flow processing.
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[0015] FIG. 5 is an exemplary system diagram of a clutter
noise suppression system for B-mode images using RF flow
processing.

[0016] FIG. 6 is an exemplary Doppler flow detector.
[0017] FIG. 7 is an exemplary RF flow detector.

[0018] FIG. 8is an exemplary gain control signal generator
configured as a look-up table.

[0019] FIG. 9 is an exemplary gain control signal curve.
[0020] FIG. 10 is an exemplary gain control signal genera-
tor configured as a look-up table.

[0021] FIG. 11 is an exemplary gain control signal curve.
[0022] FIG. 12 is an exemplary gain control signal genera-
tor configured as a digital signal processor.

[0023] FIG. 13 is an exemplary gain control signal genera-
tor configured as a digital signal processor.

[0024] FIG. 14 is an exemplary method for B-mode image
clutter noise suppression using Doppler flow processing.
[0025] FIG. 15 is an exemplary method for B-mode image
clutter noise suppression using RF flow processing.

DETAILED DESCRIPTION

[0026] Embodiments of the invention will be described
with reference to the accompanying drawing figures wherein
like numbers represent like elements throughout. Before
embodiments of the invention are explained in detail, it is to
be understood that the invention is not limited in its applica-
tion to the details of the examples set forth in the following
description or illustrated in the figures. The invention is
capable of other embodiments and of being practiced or car-
ried out in a variety of applications and in various ways. Also,
it is to be understood that the phraseology and terminology
used herein is for the purpose of description and should not be
regarded as limiting. The use of “including,” “comprising,” or
“having,” and variations thereof herein is meant to encompass
the items listed thereafter and equivalents thereof as well as
additional items. The terms “mounted,” “connected,” and
“coupled,” are used broadly and encompass both direct and
indirect mounting, connecting, and coupling. Further, “con-
nected,” and “coupled” are not restricted to physical or
mechanical connections or couplings.

[0027] Itshould be noted that the invention is not limited to
any particular software language described or that is implied
in the figures. One of ordinary skill in the art will understand
that a variety of alternative software languages may be used
for implementation of the invention. It should also be under-
stood that some of the components and items are illustrated
and described as if they were hardware elements, as is com-
mon practice within the art. However, one of ordinary skill in
the art, and based on a reading of this detailed description,
would understand that, in at least one embodiment, compo-
nents in the method and system may be implemented in
software or hardware.

[0028] Ultrasound is transmitted by an ultrasound trans-
ducer into a human body to image various organs, blood
vessels, or a fetus in a pregnant woman. Scatterers in tissue
scatter ultrasound and scattered ultrasound is returned to the
transducer. A receive beamformer creates ultrasound beams
and a post processor creates an image of tissues from the
amplitude of the returned ultrasound signal as a B-mode
image.

[0029] Blood vessels are often imaged, since they indicate
cardiovascular conditions of patients. Intima thickness is
often measured and used for diagnosis. However, images of
intima are often obscured by noise due to various causes.
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Blood flow information is usually acquired using color Dop-
pler and spectral Doppler techniques.

[0030] Color Doppler is a two-dimensional imaging tech-
nique commonly used for imaging blood flow by sending
ultrasonic waves into the blood vessel and detecting the scat-
tered ultrasound from the moving red cells. It consists of
many beams similar to B-mode image. In order to detect flow
velocity, color Doppler transmits ultrasound signals several
times per position to detect motion. To create a two-dimen-
sional flow image, the transmit position is shifted by sub-
millimeters, or about the order of an ultrasound wavelength.
The transmit position shifting is repeated about 100 times to
cover several centimeters to create a two-dimensional flow
image. For a phased array transducer or a sector image for-
mat, the transmit direction is changed a small angle, for
example, about 0.5-1.0 degrees. This is repeated approxi-
mately 100 times to cover about 90 degrees of a sector image.
For each transmit position or direction, ultrasound is trans-
mitted several times. Received beamformed RF ultrasound
signals undergo quadrature demodulation resulting in com-
plex, Doppler 1-Q signals.

[0031] The Doppler I-Q signals may contain blood flow
signal components as well as stationary tissue signal compo-
nents. The stationary components are typically 30-40 dB
greater than the blood flow components. Therefore, it is nec-
essary to remove the stationary signal components in order to
detect blood flow accurately.

[0032] A high-pass filter is applied to the received Doppler
signals from several transmits to obtain only flow signal com-
ponents and is generally referred to as a wall filter because the
filter removes vessel wall noise. The high-pass filter removes
stationary signal components and passes only flow signal
components. One form of the high-pass filter may be a signal
subtraction or 2-tap FIR where the Doppler signal from a
subsequent transmit is subtracted from the Doppler signal
from a preceding transmit. The phase differences between the
received Doppler 1-Q signals from consecutive transmits
indicate blood flow. Additionally, the power of the high-pass
filtered Doppler I-Q signals indicates the existence of blood
flow.

[0033] The system and method of the invention reduces
clutter noise by decreasing B-mode signal amplitude using
the above described blood flow signal. Even if clutter noise is
presentin a vessel lumen, blood flow is usually also present in
the lumen at the same location. Clutter noise in blood vessels
obscure intima and makes its thickness measurement diffi-
cult. A blood flow component parameter such as amplitude a,
power a or power raised to a power a®, where b is a real
number, may be calculated and used to generate a gain control
signal o to suppress a B-mode image processor output signal
at the same image position. The flow component parameters
may be total or average quantities. The amount of clutter
noise suppression may be in a predetermined relationship to
the flow component parameter used.

[0034] FIG. 1 shows ablood vessel 101 image output from
a typical B-mode image processor with near 103 and far 105
walls. Clutter noise 107 is shown close to the near-wall 103.
FIG. 2 shows a blood flow image 201 of the same vessel
which is used to decrease the gain of the B-mode image
shown in FIG. 1. FIG. 3 shows a resultant image with a clean
vessel lumen 301.

[0035] FIG. 4 shows an ultrasound system with the inven-
tion. FIG. 14 shows a flow chart to describe the method. An
ultrasound signal is transmitted from the ultrasound probe
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402 driven by the transmitter 406 through the transmit/receive
switch 404. The receiver 408 receives the received ultrasound
signal from the probe 402 through the switch 404 and pro-
cesses the signal (step 1405). The processed signal is coupled
to a flow detector 410, a B-mode image processor 412 (step
1410) and a Doppler spectrum processor 424. The B-mode
image processor 412 processes the received signal and out-
puts a B-mode image (i.e., the amplitude of the signal). The
Doppler spectrum processor calculates a Doppler spectrum
from the signal output by the receiver 408 and outputs the
Doppler spectrum to a scan converter 420 in a Doppler spec-
trum mode or a combination mode with either a B-mode
image and/or a color flow image.

[0036] The flow detector 410 detects blood flow, and cal-
culates and outputs a flow component parameter which may
be amplitude a, power a’, power raised to a power a” or a
combination of these values to the gain control signal genera-
tor 418. The gain control signal generator 418 generates a
gain control signal o according to the flow component param-
eter and outputs the gain control signal c. to a signal combiner
414 such as a multiplier or variable gain amplifier.

[0037] FIG. 6 shows adiagram of the Doppler flow detector
410. The Doppler flow detector includes a wall filter (i.e.
high-pass filter) 602, a velocity calculator 604, a power cal-
culator 606 and a variance calculator 606. The wall filter
receives the demodulated I-Q signals from the receiver 408
(step 1415). The high-pass filter cutoff or corner frequency
may be user-adjustable and blocks low-frequency stationary
tissue signal components passing only the higher-frequency
flow signal components. The high-pass filter architecture may
be an FIR (finite impulse response) filter, an IIR (infinite
impulse response) filter, a polynomial filter, a regression-line
filter, or other type of architecture (step 1420). The flow signal
components from the wall filter 602 are coupled to the veloc-
ity calculator 604, the power calculator 606 and the variance
calculator 608.

[0038] The velocity calculator 604 calculates blood flow
velocity which is output to a scan converter 420 which con-
verts the velocity signal to a scan-converted velocity image.
The velocity image is then displayed on a display monitor 422
in a regular color flow mode. The variance calculator 608
calculates a variance or a turbulence indicator which is output
to the scan converter 420 which converts the variance signal
to a scan-converted variance image. The variance image is
then displayed on the display monitor 422 in a regular color
flow mode. The power calculator 606 calculates flow compo-
nent parameters signal amplitude a, power a®, power raised to
a power a” and a combination of these values. The flow com-
ponent parameters are generally calculated from the sampled
high-pass filtered Doppler I-Q complex signals using

M

N
=z,
i=1

[0039] where z; is a high-pass filtered, complex Doppler
signal, i may indicate an i” component related to an ultra-
sound transmit sequence and N is the number of the high-pass
filtered signal samples in discrete time. The * indicates the
complex conjugate. The number of filtered outputs is usually
less than the number of transmit/receive signals.
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[0040] The power calculator 606 may be a DSP, an FPGA,
an ASIC or discrete components such as multipliers, adders,
dividers and absolute calculators.

[0041] The other flow component parameters may be
obtained from the power a* by

a=h2, or @

a*=(la). )

[0042] Signal amplitude a and power raised to a power a”
may also be obtained by

@)

N
a= )"zl or

N ®)

[0043] The flow component parameters obtained by (4) and
(5) are different than those derived by (2) and (3) because the
order of processing steps are different (step 1425). The above
flow component parameter calculations for amplitude a,
power a® or power raised to a power a® represent total values.
The total flow component parameters may be normalized by
dividing each parameter value by the number of samples N to
obtain average values at the cost of an extra calculation.
[0044] The flow component parameters amplitude a, power
a2, power raised to a power a® or a combination of these values
are coupled to the gain control generator 418 and is used to
generate a gain control signal o. To increase signal-to-noise
ratio (SNR), the flow component parameters may be com-
bined into a combined flow component parameter such as

dia+drd® + Z d&iad"®
7

where d,, d, and d, are real numbers that represent weighting
factors and the i” component b(i) is also a real number.
Combining more than one flow component parameter gener-
ally increases the signal-to-noise ratio and reduces noise that
is uncorrelated.

dia+dra® + Z d;a?®
7

may be calculated in the power calculator 606 and then output
to the gain control generator 418 as well. The power calcula-
tor 606 may also output the power or the other values to the
scan converter 420 in a color flow mode.

[0045] The gain control generator 418 may be, for example,
a digital signal processor (DSP) 1210 as shown in FIG. 12, or
alook-up table (LUT) 810 as shown in FIG. 8, or an FPGA, an
ASIC or discrete components such as multipliers and adders.
The gain control generator 418 uses the flow component
parameters as an input. FIG. 9 shows the LUT’s 810 or DSP’s
1210 signal throughput as a response curve. If the input is
small, the gain is high. If the input is large, the gain will be 0
or close to 0. The curve shown in FIG. 9 is exemplary. Other
predetermined curves may be employed to suppress the signal
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output by the B-mode image processor 412 (step 1430). The
gain control generator 418 gain control signal o is output and
coupled to the signal combiner 414.

[0046] The B-mode image processor 412 creates and out-
puts a B-mode image to the signal combiner 414. The B-mode
image is then output to the scan converter 420 which converts
the B-mode image signal to a scan-converted image. The
B-mode image is then displayed on the display monitor 422.
The B-mode signal gain is controlled by the gain control
signal o.. For example, if the flow component parameter is
large, the signal combiner’s 414 gain is small, resulting in the
suppression of clutter noise if present in the vessel lumen.
Overall gain control removes clutter noise since blood flow
exists only in the vessel lumen where clutter noise exists. If
the flow component parameter is low, which may be the case
in a tissue area, the signal combiner’s 414 gain is large result-
ing in a B-mode tissue image of normal brightness. In this
manner, the clutter noise, which is in the blood flow area, is
reduced by the flow signal (step 1435).

[0047] In an alternate embodiment, the blood flow may be
detected in the RF signal level using a cross-correlation or
time-shift technique instead of using a color Doppler process.
To detect flow velocity, the ultrasound signal is transmitted
several times per position to detect motion. To create a two-
dimensional flow image, the transmit position is shifted by
sub-millimeters, or about the order of an ultrasound wave-
length. The transmit position shifting is repeated about 100
times to cover several centimeters to create a two-dimen-
sional flow image. For a phased array transducer or a sector
image format, the transmit direction is changed a small angle,
for example, about 0.5-1.0 degrees. This is repeated approxi-
mately 100 times to cover about 90 degrees of a sector image.
For each transmit position or direction, ultrasound is trans-
mitted several times. High-pass filtering is applied to the
beamformed RF signal to remove tissue signals and pass
blood flow signals. A blood flow component parameter such
as amplitude ¢, power c?, power raised to a power c®, where b
is a real number, or a combination of these values may be
calculated and used to generate a gain control signal o to
suppress a B-mode image processor output signal at the same
position. The flow component parameters may be total or
average quantities.

[0048] FIGS. 5, 7, 10, 11 and 15 show the system and
method. A transmitter 506 sends ultrasound signal to the
ultrasound probe 502 through a switch 504. Ultrasound is
transmitted to the human subject which may include vessels.
Ultrasound is then returned to the ultrasound probe 502 which
converts it to an electrical signal (step 1505). The returned
ultrasound signal is coupled to a receiver 508 through the
switch 504. The receiver processes the signal and outputs an
RF signal to an RF flow detector 510, a B-mode image pro-
cessor 512 (step 1510) and a Doppler spectrum processor
524. The Doppler spectrum processor 524 processes the sig-
nal output by the receiver 508 and calculates a Doppler spec-
trum and outputs the Doppler spectrum to a scan converter
520 in a Doppler mode or a combination mode with either a
B-mode image and/or a color flow. The B-mode image pro-
cessor 512 processes the RF signal and outputs a B-mode
image signal (i.e., the amplitude of the signal). The RF flow
detector 510 processes the RF signal and outputs a flow
component parameter amplitude ¢, power ¢, power raised to
apower c” or a combination of these values to a gain control
signal generator 518.
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[0049] FIG. 7 shows a diagram of the RF flow detector 510.
The RF flow detector includes a wall filter (i.e., high-pass
filter) 702, a velocity calculator 704, a power calculator 706
and a variance calculator 708. One form of the wall filter (i.e.,
high-pass filter) may be a signal subtraction or 2-tap FIR
where the received RF signal from a subsequent transmit is
subtracted from the RF signal from a preceding transmit. This
performs high-pass filtering between two transmits. This can
be extended to more transmit sequences. The high-pass fil-
tering among several transmits removes vessel wall noise and
is referred to as a wall filter. The high-pass filter may use
received RF signals from two or more transmits in higher
order FIR, IIR, a regression-line filter, a polynomial filter or
other filter types. The high-pass filter, whose cut-off fre-
quency may be user-adjustable and blocks low-frequency
stationary tissue signal components passing only the higher-
frequency flow signal components (step 1520) and is coupled
to the velocity calculator 704, the power calculator 706 and
the variance calculator 708.

[0050] The velocity calculator 704 calculates blood flow
velocity from the wall filtered (i.e., high-pass filtered) RF
signal. The velocity is output to a scan converter 520 which
converts velocity signal to a scan-converted velocity image.
The velocity image is then displayed on the display monitor
522 in aregular color flow mode. The variance calculator 708
calculates variance as a turbulence indicator from the wall
filtered (i.e., high-pass filtered) RF signal. The variance is
output to the scan converter 520 which converts the variance
signal to a scan-converted variance image. The variance
image is then displayed on the display monitor 522 in a
regular color flow mode. The power calculator 706 calculates
a flow component parameter amplitude ¢, power ¢, or power
raised to a power c® from the sampled RF signals using

N ©)
e=>"lxl,
i=1
N 0
¢t = Zx‘-z, and
i=1
®

N
=l
i=1

[0051] where, x, are the high-pass filtered RF signal
samples and N is the number of high-pass filtered signal
samples.

[0052] The power calculator 706 may be a DSP, an FPGA,
an ASIC or discrete components such as multipliers, adders,
dividers and absolute calculators.

[0053] Alternately, one of these values may be calculated
and the other values may be obtained from the first calculated
value as follows. For example, the power ¢> may be first
calculated, and the amplitude ¢ and the power raised to a
power c” obtained from the power ¢ by

N ©
a=3e

i=1
c=\/cT, and (10)
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-continued

F=We). 1

[0054] The flow component parameters calculated by (10)
and (11) are different from those calculated by (6) and (8)
because the order of processing steps are different (step
1525). The above flow component parameter calculations for
amplitude ¢, power ¢? or power raised to a power c” represent
total values. The total flow component parameters may be
normalized by dividing each parameter value by the number
of samples N to obtain average values at the cost of an extra
calculation.

[0055] The gain control generator 518 receives the flow
component parameters amplitude ¢, power ¢, power raised to
a power ¢”, or a combination of these values, and generates a
gain control signal a.. To increase signal-to-noise ratio (SNR),
the flow component parameters may be combined into a
combined flow component parameter such as

dlc + dzc‘z + Z dicbm
i

where d,, d, and d, are real numbers that represent weighting
factors and the i component b(i) is also a real number.
Combining more than one flow component parameter gener-
ally increases the signal-to-noise ratio and reduces noise that
is uncorrelated.

dic+dyc* + Z dic?®
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may be calculated in the power calculator 706 and then output
to the gain control generator 518 as well. The power calcula-
tor 706 may also output to the scan converter in a color flow
mode.

[0056] The gain control generator 518 may be a digital
signal processor DSP 1310 as shown in FIG. 13 or a look-up
table (LUT) 1010 as shown in FIG. 10, or an FPGA, an ASIC
or discrete components such as multipliers and adders. An
example response of the DSP 1310 or LUT 1010 is shown in
FIG.11. For a small value of a flow component parameter, the
gain control signal o is high while a high value may yield a
gain close to 0. The curve shown in FIG. 11 is exemplary.
Other predetermined curves may be employed to suppress the
signal output by the B-mode image processor 512 (step
1530). The gain control generator 518 gain control signal o is
output and coupled to a signal combiner 514.

[0057] The signal combiner 514 may be a multiplier or
variable gain amplifier. The signal combiner 514 multiplies
the B-mode image with the gain control signal o and outputs
a B-mode image to the scan converter 520 which converts the
image signal to a scan-converted image. The image is then
displayed on the display monitor 522 (step 1535).

[0058] The RF flow detection system and method may use
a wide band ultrasound signal and therefore offer higher
spatial resolution than the Doppler flow detection does.
[0059] One or more embodiments of the present invention
have been described. Nevertheless, it will be understood that
various modifications may be made without departing from
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the spirit and scope of the invention. Accordingly, other
embodiments are within the scope of the following claims.

1. A method to suppress clutter noise manifest by returned
ultrasound signals when imaging blood vessels by transmit-
ting ultrasound signals to and receiving ultrasound signals
from the blood vessels several times per position comprising:

processing the returned ultrasound image signals to pro-

duce a B-mode image output;

demodulating the returned ultrasound signals to produce

Doppler signals;

wall filtering the Doppler signals to only pass the flow

components of the signals;

calculating a flow component parameter;

generating a gain control signal o based on the flow com-

ponent parameter; and

controlling the output of the B-mode image processor with

the gain control signal o. wherein noise manifest in the
B-mode image processor output is suppressed.
2. The method according to claim 1 wherein wall filtering
further comprises receiving Doppler signals and processing
the received Doppler signals using a high-pass filter response.
3. The method according to claim 1 wherein calculating the
flow component parameter further comprises calculating an
amplitude a from the wall filtered Doppler signals.
4. The method according to claim 1 wherein calculating the
flow component parameter further comprises calculating a
power a” from the wall filtered Doppler signals.
5. The method according to claim 1 wherein calculating a
flow component parameter further comprises:
calculating an amplitude a, apower a* and a power raised to
apower a’®, where the power b(i) the i” component is a
real number, from the wall filtered Doppler signals;

multiplying the amplitude a, power a> and power raised to
apower a°®, with a corresponding weight d,, d, and d,,
where d,, d, and d, the i”” component are real numbers;
and

summing together the weighted amplitude d, a, power d,a>

and power raised to a power d,a’® as a combined flow
component parameter

dia+dra® + Z d;a"®.
7

6. The method according to claim 1 wherein the gain con-
trol signal o is a predetermined curve response based on the
flow component parameter.

7. A method to suppress clutter noise manifest by returned
ultrasound signals when imaging blood vessels by transmit-
ting ultrasound signals to and receiving ultrasound signals
from the blood vessels several times per position comprising:

processing the returned ultrasound image signals to pro-

duce a B-mode image output;

wall filtering the returned ultrasound image signals to only

pass the flow components of the signals;

calculating a flow component parameter;

generating a gain control signal o based on the flow com-

ponent parameter; and

controlling the output of the B-mode image processor with

the gain control signal o wherein noise manifest in the
B-mode image processor output is suppressed.

8. The method according to claim 7 wherein wall filtering
further comprises receiving RF signals and processing the
received RF signals using a high-pass filter response.
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9. The method according to claim 7 wherein calculating the
flow component parameter further comprises calculating an
amplitude ¢ from the wall filtered signals.

10. The method according to claim 7 wherein calculating
the flow component parameter further comprises calculating
a power ¢ from the wall filtered signals.

11. The method according to claim 7 wherein calculating a
flow component parameter further comprises:

calculating an amplitude ¢, apower ¢* and a power raised to

apower ¢?®, where the power b(i) the i component is a
real number, from the wall filtered signals;

multiplying the amplitude ¢, power c* and power raised to

a power c”®, with a corresponding weight d,, d, and d,,
where d,, d, and d, the i” component are real numbers;
and

summing together the weighted amplitude d, ¢, power d,c*

and power raised to a power d,c*® as a combined flow
component parameter

dic+dyc® + Z dic?"D.
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12. The method according to claim 7 wherein the gain
control signal a is a predetermined curve response based on
the flow component parameter.

13. A system for suppressing clutter noise manifest by
returned ultrasound signals when imaging blood vessels by
transmitting ultrasound signals to and receiving ultrasound
signals from the blood vessels several times per position
comprising:

a receiver configured to receive the returned ultrasound

image signals and output received signals;

a B-mode image processor coupled to the receiver config-
ured to output a B-mode processed image from the
received signals;

a Doppler flow detector coupled to the receiver configured
to demodulate the returned ultrasound image signals to
produce Doppler signals and having a wall filter config-
ured to filter the Doppler signals and output only flow
components of the Doppler signals;

a gain control generator coupled to the Doppler flow detec-
tor configured to calculate a flow component parameter
and generate a gain control signal o based on the flow
components; and

asignal combiner coupled to the gain control generator and
the B-mode image processor, the signal combiner con-
figured to modify the B-mode processed image output
with the gain control signal o wherein noise manifest in
the B-mode processed image is suppressed.

14. The system according to claim 13 wherein the wall

filter response is a high-pass filter response.

15. The system according to claim 13 wherein the flow
component parameter is amplitude o.

16. The system according to claim 13 wherein the flow
component parameter is power o.”.

17. The system according to claim 13 wherein the flow
component parameter is a combined flow component param-
eter

dia+ d2a2 + Z d;ab(i)
i
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comprising an amplitude a, a power a* and a power raised to
a power a?”, where the power b(i) the i” component is a real
number, from the wall filtered Doppler signals, where the
amplitude a, power a> and power raised to a power a®® are
multiplied with a corresponding weight d,, d, and d,, where
d,,d, and d, the i” component are real numbers, and summed
together.

18. The system according to claim 13 wherein the gain
control signal a is a predetermined curve response based on
the flow components.

19. A system for suppressing clutter noise manifest by
returned ultrasound signals when imaging blood vessels by
transmitting ultrasound signals to and receiving ultrasound
signals from the blood vessels several times per position
comprising;

a receiver configured to receive the returned ultrasound

image signals and output received signals;

a B-mode image processor coupled to the receiver config-
ured to output a B-mode processed image from the
received signals;

an RF flow detector coupled to the receiver, the flow detec-
tor having a wall filter configured to filter the returned
ultrasound RF signals and output only flow components
of the received signals;

a gain control generator coupled to the RF flow detector
configured to calculate a flow component parameter and
generate a gain control signal a based on the flow com-
ponents; and

a signal combiner coupled to the gain control generator and
the B-mode image processor, the signal combiner con-
figured to modify the B-mode processed image output
with the gain control signal oo wherein noise manifest in
the B-mode processed image is suppressed.

20. The system according to claim 19 wherein the wall

filter response is a high-pass filter response.

21. The system according to claim 19 wherein the flow
component parameter is amplitude c.

22. The system according to claim 19 wherein the flow
component parameter is power .

23. The system according to claim 19 wherein the flow
component parameter is a combined flow component param-
eter

dic+ dz(,‘z + Z d;(,‘b(i)
i

comprising an amplitude ¢, a power ¢ and a power raised to
apower ¢®®, where the power b(i) the i” component is a real
number, from the wall filtered RF signals, where the ampli-
tude ¢, power ¢? and power raised to a power ¢®® are multi-
plied with a corresponding weight d,, d, and d,, where d,, d,
and d, the i”” component are real numbers, and summed
together.

24. The system according to claim 19 wherein the gain
control signal a is a predetermined curve response based on
the flow components.
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