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(57) Abstract: Blood flow information is used to reduce noise manifest in blood vessel ultrasound B-mode images. A blood flow
signal is obtained by a flow detector. After high-pass filtering, only the flow signal power in the blood vessel lumen remains, while
signal power from stationary tissue region is suppressed. The flow signal component is used to calculate a flow component parameter
that is used to generate a gain control signal a that reduces noise in a B-mode image.
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DESCRIPTION
METHODS AND APPARATUS FOR ULTRASOUND IMAGING

TECHNICAL FIELD
The invention relates generally to the field of
ultrasound imaging. More specifically, embodiments of the
invention relate to methods and systems for reducing noise

when imaging blood vessels.

BACKGROUND ART

Ultrasound is used to image various internal body
structures such as organs like the heart and liver, blood
vessels, and fetuses in pregnant women. B-mode imaging is a
techniquévuSed-to image blood vessels. In a vessel, blood
generally exhibits loQéfIéCHO‘power.phan vessel walls or
surrounding tissues do, resulting in highvc0ntrasti 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.

There is a need to reduce noise present in blood vessel

images.
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DISCLOSURE OF THE INVENTION
The inventor has discovered that it Would be desirable
to have a system énd method that uses blood flow information

to reduce clutter noise in blood vessel B-mode images.

One aspect of the invention provides a method to

suppress 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. The method includes
processing the returned ultrasound image signals to produce a
B-mode image output, demodulating the returned ultrasound
signals to producé Doppler signals, wall filtering the
Doppler signals to only pass the flow componénts of the
signals, calculating a flow component parameter, generating a
gain control signal a based,qn the flow component parameter,
and controlling the output of thé'B4mode image processor with
the gain control signal a wherein noise manifeéf'in the

B-mode image processor output is suppressed.

Another aspect of the invention provides a method to
suppress 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. Methods according to this

aspect of the invention include processing the returned

ultrasound image signals to produce a B-mode image output,
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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 a
based on the flow component parameter, and controlling the
output of the B-mode image processor with the gain control
signal a wherein noise manifest in the B-mode image

processor output is suppressed.

Another aspect of the invention provides a system for
suppressing clutter noise manifest by returned ultrasound
signals when imaging blood vessels by transmitting ultrasound
signals to and receiviﬂg'ultrasound signals from the blood
vessels several times per position. Systems according to this
aspect of the invention include a receiver configﬁred.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
generator coupled to the Doppler flow detector configured to
calculate a flow component parameter 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
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~B-mode processed image output with the gain control signal a

wherein noise manifest in the B-mode processed image is

suppressed.

Aﬁother‘aspect of the invention provides'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. Systems according to this
aspect of the invention include a reéeiver configured to
recéive the returned ultrasound image signals and outﬁut
réceived 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 signalé, 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 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 «
wherein noise manifest in the B-mode processed image is

suppressed.
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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

drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an exemplary B-mode image of a blood vessel

exhibiting clutter noise.
FIG. 2 is an exemplary blood flow image.

FIG. 3 is an exemplary B-mode image after clutter noise

suppression.

FIG. 4 is an exemplary system diagram of a clutter noise
suppression system for B-mode images using Doppler flow

processing.

FIG. 5 is an exemplary system diagram of a clutter noise

suppression system for B-mode images using RF flow processing.
FIG. 6 is an exemplary Doppler flow detector.

FIG. 7 is an exemplary RF flow detector.
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FIG. 8 is an exemplary gain control signal generator

configured as a

look-up table.

FIG. 9 is an exemplary gain control signal curve.

FIG. 10 is

5 configured as a

FIG. 11 is

FIG. 12 1is

configured as a

FIG. 13 1is

10 configured as a

an exemplary gain control

look-up table
an exemplary gain control

an exemplary éain control

digital signal processor.

an exemplary gain control

digital signal processor.

signal generator

signal curve.

signal generator

signal generator

FIG. 14 is an exemplary method for B-mode image clutter

noise suppression using Doppler flow processing.

FIG. 15 is an exemplary method for B-mode image clutter

noise suppression using RF flow processing.

15

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the invention will be described with

reference to the accompanying drawing figures wherein like
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numbers represent like elements throughout. Before
embodiments of the invention are explained in detail, it is
to be understood fhét the invention is not limited in its
application 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 carried 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, “connected,” and “coupled”
are not restricted to physical or mechanical connections or

couplings.

It should be noted that the invention is not limited to
any particularAsoftware 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 understood that some of the components and items are
illustrated and described as if they were hardware elements,

as is common practice within the art. However, one of

“
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ordinary skill in the art, and based on a reading of this
detailed description, would understand that, in at least one
embodiment, components in the method and system may be

implgmented in software or hardware.

Ultrasound is transmitted by an ultrasound transducer
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.

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.

Blood flow information is usually acquired using color

Doppler and spectral Doppler teéhniques.

Color Doppler is-a two-dimensional imaging technique
commonly used for imaging blood flow by sending ultrasonic
waves into the blood vessel and detecting the scattered
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
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two-dimensional 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 fo create a
two-dimensional flow-image; For a phasedAarray 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 approximately 100 times to cover about 90 degrees of
a sector image; For each transmit position or direction,
ultrasound is transmitted several times. Received beamformed
RF ultrasound signals undergo quadrature demodulation

resulting in complex, Doppler I-Q signals.

The Dbppler I-Q signals may contain blood flow signal
components as well as stationary tissue signal components.
The stationary components are typically 30-40 dB greater than
the blood flow components. Therefore, it is necessary to
remove the stationary signal components in order to detect

blood flow accurately.

A high-pass filter is applied to the received Doppler
signals from several transmits to obtain only flow signal
componenté 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
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from a subsequent transmit is subtracted from the Doppler
signal from a preceding transmit. The phase differences
between the received Doppler I-Q signals from consecutive
transmits indicate blood flow. Additionally, the power of the
high;pass filtered Dopplef I-Q signals indicates the

existence of blood flow.

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 present
in 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 difficult.
A blood flow component parameter such as amplitude a, bower
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
a to suppress a B-mode image processor output signal at the
same 1image position. The fléw component parameters may be
total or average quantities. The amount of clutter noise

suppression may be proportional, or in a predetermined

Arelétionship to the flow component parameter used.

FIG. 1 shows a blood vessel 101 image oufput from a
typical B-mode image processor with near 103 and far 105
walls. Clutter noise '107 is shown close to the neér-wall 103.
FIG. 2 shows a blood flow 201 image of the same vessel which

is used to decrease the gain of the B-mode image shown in FIG.

10
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1. FIG. 3 shows a resultant image with a clean vessel lumen

301.

FIG. 4 shows an ultrasound system with the invention.
FIG.. 14 shows a flow chart to describe the method. An
ultrasound signal is transmitted from the ultrasound probe
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 processes the signal (step 1405). The
processed signal is coupled to a flow detector 410, a B-mode
image procéssor 412 (step 1410) and a Doppler spectrum
processor 424. 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 spectrum mode or a combination mode with eithef a

B-mode image and/or a color flow image.

The flow detector 410 detects blood flow, and calculates
and outputs a flow component parameter which may be amplitude
a, power az,-power faiSed to a power a® or a combination of
these values to the gain control signal generator 418. The
gain control signal generator 418 generates a gain control
signal a according to the flow component parameter-aﬁd
outputs the gain control signal a to a signal combiner 414

such as a multiplier or variable gain amplifier.

11
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FIG. 6 shows a diagram 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
calculator 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 are coupled to the velocity
calculator 604, the power calculator 606 and the variance

calculator 608.

The velocity calculator 604 calculates blood flow
velocity which is output to a scan converter 420 which
converts the velocity signal to a TV raster-scan 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 TV raster-scan variance
imagé. The variance image is then displayed on the display
monitor 422 in a regular color flow mode. The power

calculator 606 calculates flow component parameters signal

12
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amplitude a, power a°, power raised to a power a’ and a
combination of these values. The flow component parameters
are generally calculated from the sampled high-pass filtered

Doppler I-Q complex signals using

a=244, (1)

where z, is a high-pass filtered, complex Doppler signal, i

may indicate an i”

component related to an ultrasound
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.

The power calculator 606 may be a.DSP, an FPGA, an ASIC
or discrete components such as multipliers, adders, dividers

and absolute calculators.

The other flow component parameters may be obtained from

the power a4’ by
azdaz, or (2)

‘a"=(\/a—2)b. (3)

13
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Signal amplitude a and power raised to a power a® may

also be obtained by

N
a==§:PJ, or (4)
i=1

N b .
=Y - (5)

i=l

5 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 raiséd to a power a° represent total values.
10 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.

The flow component parameters amplitude a, power az,

power raised to a power 4’ or a combination of these values

15 are coupled to the gain control generator 418 and is used to
generate 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 da+d,a*+) da"" where d,, d, and d, are real numbers that

14



10

15

20

WO 2008/123595 PCT/JP2008/056727

h cdmponent bﬁ) is also

represent weighting factors and the i
a real number. Combining more than one flow component

parameter generally increases the signal-to-noise ratio and
reduces noise that is uncorrelated. 4a+1§a2+§:dp“” may be
calculated in the power calculator 606 and then output to the
gain control generator 418 as well. The power calculator 606

may also output to the scan converter 420 in a color flow

mode.

The gain control generator 418 may be, for example, a

-digital signal processor (DSP) 1210 as shown in FIG. 12, or a

look—-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
signal throughput as a response curve. If the input is small,
the gain is high. If the input ié large, the gain will be O:
or close to 0. The curve shown in FIG. 9 is exemplary. Other
predetermined curves may be employed to suppress the signal
output by the B-mode image processor 412 (step 1430). The

gain control generator 418 gain control signal a is output

and coupled to the signal combiner 414.

The B-mode image processor 412 creates B-mode images and
outputs an image to the siénal combiner 414. The image is

output to the scan converter 420 which converts the image

15
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signal to a TV raster-scan image. The image is then displayed
on the display monitor 422. The B-mode signal gain is
controlled by the gain control signal a. 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 exiéts 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 resulting 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).

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
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 format, the transmit direction is changed

- about a small angle, for example, about 0.5-1.0 degrees. This

is repeated approximately 100 times to cover about 90 degrees

16
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of a sector image. For each transmit position or direction,
ultrasound is transmitted 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 a to suppress a B-mode image processor output signal
at the same position. The flow component parameters may be

total or average quantities.

FIGs. 5, 7, 10, il 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 processor 512 (step
1510) and a Doppler spectrum processor 524. The Doppler
spectrum processor calculates a Doppler spectrum from the
signal output by the receiver 508 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 mode. The B-mode image processor 512 processes the RF

signal and outputs a B-mode image signal. The RF flow

17
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“detector 510 processes the RF signal and outputs a flow

component parameter amplitude ¢, power c¢’, power raised to a

power ¢’ or a combination of these values to a gain control

signal generator 518.

FIG. 7 shows a diagram of the RF flow detector 510. The
RF flow detector includes a high-pass filter 702, a velocity
calculator 704, a power calculator 706 and a variance |
calculator 708. One form of the 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
among two or more transmit sequences. The high-pass filtering
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 or other filter types. The high-pass filter,

whose cut-off frequency may be user-adjustable and blocks
low-frequency stationary tissue signal components passing

only the higher-frequency flow signal components from the RF

"signals received from the receiver 508 (step 1520) and is

coupled to the velocity calculator 704, the power calculator

706 and the variance calculator 708.

The velocity calculator 704 calculates blood flow
velocity from the high-pass filtered RF signal. The velocity

is output to a scan converter 520 which converts velocity

18
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)

signal to a TV raster-scan velocity image. The velocity image
is then diSpléyed on the display monitor 522 in a regular
color flow mode. The variance calculator 708 qalculates
variance as a turbulence indicator from the high-pass
filtered RF signal. The variance is output to the scan
converter 520 which converts the variance signal to a TV
raster-scan 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 c¢?, or power raised to a power

¢® from the sampled RF signals using

N
c=Z|xi|, (6)

i=}

N b
¢* =2 || (8)
i=]

where, x, are the high-pass filtered RF signal samples and N

is the number of high-pass filtered signal samples.

19
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The poWer calculator 706 may be a DSP, an FPGA, an ASIC
or discrete components such as multipliers, adders, dividers

and absolute calculators.

Alternétely, 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 cz.may be first

calculated, and the amplitude ¢ and the power raised tb a

power ¢’ obtained from the power c’ by

N
=Y x7, (9)

i=]

c =v6?, and (10)
¢ =(e?) . (11)

The flow compopent 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
normalizéd by dividiﬁg.each parameter value by the number of
samples N to obtain average values at the cost of an extra

calculation.

20
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The gain control generator 518 receives the flow

component parameters amplitude ¢, power c¢’, power raised to a
power c¢’, 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 d;ﬁ#dﬂf-&}de“”

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 generally

increases the signal-to-noise ratio and reduces noise that is

uncorrelated. dp415c2+§5dp“” may be calculated in the power

calculator 706 and then output to the gain control generator
518 as well. The power calculator .706 may also output to the

scan converter in a color flow mode.

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 a 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

21
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gain control generator 518 gain control signal a is output

and coupled to a signal combiner 514.

" 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 a and outputs a B-mode
image to the scan converter 520 which converts the image

signal to an TV raster-scan image. The image is then

displayed on the display monitor 522 (step 1535).

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.

One or more embodiments of the present invention have
been described. Neveitheless, it will be understood that
various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other

empbodiments are within the scope of the following claims.
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CLAIMS

1. A method to suppréss 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:

processing the returned ultrasound image‘signals to
produce a B-mode image output;

demodulating the returned ultrasound signals to produce
Doppler signals; 4

wall filtering the Doppler signals to only pass the flow
components of the signals; |

calculating a flow component parameter;

generating a gain control signal a based on the flow
component parameter; and

controlling the output of the B-mode image processor
with the gain control signal @ 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.
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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, a power a4’ and a power
raised to a power-a“ﬂ, where the power b() is a real number,

from the wall filtered Doppler signals;

multiplying the amplitude a, power a’ and power raised
to a power 4", 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 dﬂf

b(i)

and power raised to a power d,a as a combined flow

component parameter 4a+wua2+zzdﬂwo_
. i

6. The method according to claim 1 wherein the gain control
signal a is a predetermined curve response based on the flow

component parameter.

7. A method to suppress clutter noise manifestvby 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:
processing the returned ultrasound image signals to

produce a B-mode image output;
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wall filtering the returned ultrasound image signals to
only pass the flow components of the signals;
'calculating a flow component parameter;
generéting a gain control signal a based on the flow
component parameter; and ‘
controlling the output of the B-mode image processor
with the gain control signal a 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.

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 ¢, a power ¢’ and a power
raised to a power b“”, where the power b(i) is a real number,

from the wall filtered signals;
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multiplying the amplitude c, power ¢’ and power raised
to a power ¢*”, with a corresponding weight d,, d, and d,,
where d,, d, and d, the i" component areAreal numbers; and

summing together the weighted amplitude d,c, power dﬂf.

and power raised to a power d,c” as a combined flow

component parameter d¢4qgc2+§:dpun.
i

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
imade 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
cbnfigured to filter the Doppler signals and output only flow

components of the Doppler signals;
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a gain<controi generator coupled to the Doppler flow
detec;or configured to calculate a flow component parameter
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 a 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 N

combonent parameter is amplitude a.

16. The system according to claim 13 wherein the flow

component parameter is power a’.

17. The system according to claim 13 wherein the flow

component parameter is a combined flow component parameter

4a+1§a2+22d4ﬁ“) comprising an amplitude a, a power a’ and a

I

. power raised to a power a’”, where the power b(i) 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
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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 éystem for suppressing clutter noise manifest by
returned ultrasound signals when imaging blood vessels by
transmitting ultrasound signals to énd 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
configured to output a B-mode processed image from the
received signals; A

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 and
generate a gain control signal a based 6n 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
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the gain control signal a wherein noise manifest in the

B-mode processed image is suppreésed.

20. The system according to claim 19 wherein the wall filter

response 1s 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 c¢>.

23. The system according to claim 19 wherein the flow

component parameter is a combined flow component parameter

de+d,c> +Y dc’” comprising an amplitude ¢, a power ¢’ and a
1 2 i g p
i

power raised to a power c¢*?, where the power b() is a real
number, from the wall filtered RF signals, where the

amplitude ¢, power ¢’ and power raised to a power ¢’ .are
multiplied 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 @ is a predetermined curve response based on

the flow components.

29



WO 2008/123595 PCT/JP2008/056727

' ' | 103
107’*/§E§@@r

T™—101

T~—105

FIG. 1

FIG. 2

1_—301

FIG. 3

1/10



PCT/JP2008/056727

WO 2008/123595

ey

\

YOLINOW
AV1dSId

-

v o1d

3

OM¢ AN%
43 L43ANOD ¥ e : w_omm_wmqo_\,_m_vma
NvOS
] Jaon-8
0 8l \
\\ Zly
dOIVHINTD |

TOYINOD NIVO

(¥37dd0d ¥0109)

d0190313d
MO

(

Oly

40SS3004d
WNYLI3dS
431dd0d

y

)

Ty

3804d
¢0¥ ~— annoSYELIN
NETEREY M/S
80¥ y0¥
HILLINSNVL
10172

2/10



PCT/JP2008/056727

WO 2008/123595

¢cS

\

0cs

,

dOLINOW
AV1dSId

43L43IANOD
NVOS

[ §

S Id

JOL1VYIN3O
TOYINOD NIVO

40SS3004d
JOVAI
JdOn-8

\

43

(401090 ‘4¥)
40103130
MOT4

b

(

016

40SS3004d
WNYLI3dS
437dd0d

A

,

Y¢S

380¥d
¢0S ~— annosvaLIN
y
NEINERER] M/S
| _
80G ¥0S
YILLINSNVYL |
90G

3/10



PCT/JP2008/056727

WO 2008/123595

JOLVINOVO

0lv Ol =

JONVIYVA

-y

(

809

0CYy Ol =

JOLVINOVI
d3IMOd

8ly OL -

\

909

J01VINOVI

0¥ Ol =

ALIDOT3A

(¥31714 SSVYd—H9IH) |
Y34 TIVM ,

(0-1)
80Y
NO¥4

4/10



PCT/JP2008/056727

WO 2008/123595

JO1LVINI1VI

02S Ol =

JONVIEVA

(

80L

02S Ol =

J01vINIOIVI
d3mMod

8lG Ol -

>y

\

90,

d01vINOvI

028 Ol =

(431714 SSYd—H9IH) |

ALIDOT3A

(

d3Ln4d TIVM

(4y)
806
NO¥4

5/10



WO 2008/123595 PCT/JP2008/056727

4-1f |
{—— o 81; _}
| | |
FROM |
Mo W |
' :
|
I
Y
TO 414
FIG. 8
HIGH
GAIN
a
O R
0 INPUT MAX
FIG. 9

6/10



WO 2008/123595 PCT/JP2008/056727

Ky
o0 |
| I
FROM | .
210 ] LUT |
| |
| o |
I o
Y
T0 514
FIG. 10
HIGH
GAIN
a
0
0 INPUT MAX
FIG. 11

7110



WO 2008/123595 PCT/JP2008/056727

FROM
410

I

I

FROM I
510 ' , DSP

I

|

TO 514

FIG. 13

8/10



WO 2008/123595

Inputting returned ultrasound
image signals
1405

A

Producing B—mode image signals

1410

A

Demodulating the returned signals
to produce Doppler flow signals

1415

A

1420

Wall filtering the flow signals

Y

parameter a,a’,4’® and a

combination from the
filtered flow signals
1425

Calculating a flow component

PCT/JP2008/056727

Generating a gain control signal o

1430

A

| Controlling the B—mode image output

1435

FIG. 14

9/10



WO 2008/123595

Inputting returned ultrasound
image signals

1505

\

'| Producing B—mode image signals

1510

A

Wall filtering the

RF flow signals

1520

1

parameter c,
combination

Calculating a flow component

filtered flow signals

Z,ctand a
from the

1525

A

PCT/JP2008/056727

Generating a gain

control signal a
1530

1

Controlling the B—mode image output

1535

~ FIG.

10/10

15



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2008/056727

A.

Int.Cl. A61B8/08(2006.01)1,

CLASSIFICATION OF SUBJECT MATTER
A61B8/06(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. 261B8/08,

A61B8/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2008
Registered utility model specifications of Japan 1996-2008
Published registered utility model applications of Japan 1994-2008

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2002-34987 A (GE MEDICAL SYSTEMS GLOBAL [(1-4,13-16
TECHNOLOGY COMPANY LIC)

Y Feb. 05, 2002 6-10,12,
Paragraph [0016] to [0020]; Figure 4 and 5 18-22,24
(Family: none)

A 5,11,17,23

X UsS 2005/0240101 Al (Makoto Kato) 1,2,13,14
Oct. 27, 2005
Paragraph [0078] and [0080]

& JP 3694019 B2 & WO 2004/089222 Al
¥  Further documents are listed in the continuation of Box C. {"  Sce patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not
considered to be of particular relevance

“E” earlier application or patent but published on or after the inter-
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later

than the priority date claimed

«“T” later document published after the international filing date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with one or more other such documents, such
combination being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

30.06.2008

Date of mailing of the international search report

08.07.2008

Name and mailing address of the ISA/JP
Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan

Authorized officer

MIGITAKA Takayuki

209808

Telephone No. +81-3-3581-1101 Ext. 3292

Form PCT/ISA/210 (second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2008/056727

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 6036643 A (Aline Laure Criton) 6,12,18,24
Mar. 14, 2000
Column 3, line 23 to column 4, line 6; Figure 4
& JP 11-342130 A & DE 69934649 T & NO 992323 A

Y US 4853904 A (Patrick R. A. Pesque) 7-10, 12,
Aug. 1, 1989 19-22, 24
Column 4, 1line23 to column 5, line 15; Figure 1
& JP 63-77437 A & DE 3785409 T & FR 2604081 A

Y US 6599248 Bl (Tadashi Tamura) 7-10, 12,
Jul. 29, 2003 19-22, 24

Column 5, line 14 to 27
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2007)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
RHA
IPCH %5
CPCH %5

L 5E

H 2T SR
SAERGERE

BEGF)

RATBERGIN G ENRE

EP2136713A1 K (AE)B
EP2008739834 FER
AN FERETHRA S

ALOKA CO., LTD.

H3ZALOKA MEDICAL. , LTD.

TAMURA TADASHI

TAMURA, TADASHI

A61B8/08 A61B8/06

G01S7/52033 A61B8/06 A61B8/13 G01S7/52077 G01S15/8981

11/926206 2007-10-29 US
60/920639 2007-03-29 US

EP2136713A4

Espacenet

miEEATRSMEBEBRAEGP RS, BB N RREM
WES. EBBERKZE , RRENERPHNRBESHER , BN
REBLALAXBHNESHR, REFSITERTUHERESESH
ZREDESHATERRPBEXEGFHEFHNERERESa,

2009-12-30

2008-03-28

patsnap


https://share-analytics.zhihuiya.com/view/9972fec2-11da-4fab-a5cc-239b0b9cd4ce
https://worldwide.espacenet.com/patent/search/family/039795580/publication/EP2136713A1?q=EP2136713A1

