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(7 ABSTRACT

The present invention relates to a method and apparatus for
performing motion adaptive frame averaging for ultrasound
color flow images used to overcome lag and smearing alias
of color due to motion. One embodiment of the present
invention comprises an ultrasound machine for generating
an color flow imaging responsive to moving tissue. The
ultrasound system comprises a front end and at least one
processor. The front-end is arranged to transmit ultrasound
waves into the moving tissue, generating received signals in
response to the ultrasound waves backscattered from the
moving tissue. The processor is responsive to the received
signals, calculating a motion factor by comparing at least
one current b-mode frame with at least one previous b-mode
frame, determining motion using at least the motion factor,
increasing a level of frame averaging if the motion factor is
below a first predetermined threshold, and decreasing the
level of frame averaging if the motion factor is above a
second predetermined threshold.
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MOTION ADAPTIVE FRAME AVERAGING FOR
ULTRASOUND DOPPLER COLOR FLOW
IMAGING

RELATED APPLICATIONS

[0001] This application is related to, and claims benefit of
and priority from, Provisional Application No. 60/501,375
filed on Sep. 9, 2003 (Attorney Docket No. 136088UL
(1772-15112U801), titled “Motion Adaptive Frame Averag-
ing for Ultrasound Doppler Color Flow Imaging”, the com-
plete subject matter of which is incorporated herein by
reference in its entirety.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] [Not Applicable]

[MICROFICHE/COPYRIGHT REFERENCE]

[0003] [Not Applicable]
BACKGROUND OF THE INVENTION
[0004] The present invention relates generally to ultra-

sound. In particular, the present invention relates to motion
adaptive frame averaging for color flow imaging in an
ultrasound device.

[0005] Some known modes of diagnostic ultrasound imag-
ing include B- and M-modes (used to image internal, physi-
cal structure), Doppler, and color flow (primarily used to
image flow characteristics, in blood vessels for example).
Ultrasound color flow mode is typically used, for example,
to detect the velocity of blood flow toward/away from a
transducer, essentially utilizing the same technique used in
Doppler mode. Whereas Doppler mode imaging displays
velocity versus time for a single selected sample volume,
ultrasound color flow mode imaging displays hundreds of
adjacent sample volumes simultancously, all laid over a
B-mode image and color-coded to represent each sample
volume’s velocity.

[0006] Using Doppler effects to measure blood flow in the
heart and blood vessels, for example, is known. The ampli-
tude of the reflected waves may be employed to produce
black and white images of the moving tissue, while the
frequency shift of backscattered waves may be used to
measure the velocity of the backscatterers from tissue or
blood. The change or shift in backscattered frequency
increases when blood flows toward the transducer and
decreases when blood flows away from the transducer.

[0007] Color flow ultrasound imaging may be used to
provide a vivid display of both blood flow and basic
anatomy. Color flow images may be produced by superim-
posing a color image of the flow velocity of the moving
material, blood or tissue for example, over the gray scale
B-mode image. The color pixels represent the flow velocity
of the moving material. Frame averaging may be applied to
the color pixel displays to improve signal to noise ratio
(alternatively referred to as “SNR”) and persistency. Frame
averaging uses a newly acquired color frame and a sequence
of previously acquired color frames to determine the current
color frame to be displayed to the end user. Various infinite
impulse response (alternatively referred to as “IIR”) and
finite impulse response (alternatively referred to as “FIR”)
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filter techniques may be applied to create a display color
frame using a sequence of consecutive color frames in time.
Arithmetic mean operation is a simple and commonly used
FIR filter techniques that may be used for calculating the
display frames from the sequence of frames acquired.

[0008] One limitation associated with frame averaging in
color flow ultrasound imaging is that it creates a significant
amount of lag and smearing due to motion, where the motion
may be caused by probe or tissue movement. Such lag and
smearing of color pixels is very prominent to the user, as it
often overlaps the gray scale stationary tissue background
from the B-mode display. The End users often choose to
reduce the level of frame averaging to avoid the lag and
smearing alias. However, in reducing the level of frame
averaging, the end user may lose any advantages associated
with higher SNR and persistency provided by frame aver-

aging.
BRIEF SUMMARY OF THE INVENTION

[0009] 1t should be appreciated that the ill effects of
motion on frame average are known in other imaging
modality (X-ray fluoroscopy for example). However, one or
more embodiments of the present invention uses b-mode
image data to detect motion in color flow imaging (using an
ultrasound machine or device for example). More specifi-
cally, one or more embodiments of the present invention
determine a motion factor using at least B-mode ultrasound
data to quantify motion, and then use the motion factor to
adjust the frame averaging. It is contemplated that the
motion factor determines or measures the b-mode gray scale
image change. Such change is a good estimate of the probe
or tissue movement, as provided previously. In at least one
embodiment, the adjustment of frame averaging may be
performed dynamically and in real-time, as the update
frequency is the same as the B-mode frame rate, about 10 to
about 20 Hz.

[0010] Oneembodiment of the present invention comprise
a method for performing frame averaging in a device that
produces at least one color flow image. This embodiment
comprises calculating a motion factor using at least b-mode
data and determining motion using at least the motion factor.
At least one embodiment of method comprises calculating
motion factor from the b-mode image frames by comparing
at least one current b-mode frame with at least one previous
b-mode frame. In at least one embodiment, the current
b-mode frame is compared with more than one previous
b-mode frame (using an equation for example). The method
further comprises adjusting the frame averaging using at
least the motion factor. In at least one embodiment, an
algorithm or equation may be used to perform such frame
averaging. Embodiments of the present invention comprise
using the motion factor to adjust the frame average level for
a color display. One or more embodiments comprise deter-
mining if the motion factor is above or below a predeter-
mined threshold. More specifically embodiments comprise
determining if the motion factor is below or less than a first
predetermined threshold (a low threshold for example). If
the motion factor is below or less than the first predeter-
mined threshold, the level of the frame averaging may be
increased. If the motion factor is not below or less than the
first predetermined threshold, embodiments comprise deter-
mining if the motion factor exceeds or is greater than a
second predetermined threshold (a high threshold for
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example). If the motion factor is greater than or exceeds the
second predetermined threshold, the level of frame averag-
ing may be reduced to avoid at least lag and color alias
caused by probe or tissue motion. It is further contemplated
that, if the motion factor does not exceed the second
threshold, the level of frame averaging may not be changed
or affected (i.c., the frame averaging is maintained at the
same level).

[0011] Embodiments are also contemplated in which one
predetermined threshold may be set such that if motion
factor is greater than or exceeds at least one of the prede-
termined threshold by a certain predetermined amount (i.¢.,
the motion factor is at or above the second predetermined
threshold by a certain amount) the frame averaging is turned
off. Turning off the frame averaging may remove the lag and
smearing when strong motion is present.

[0012] Another embodiment of the present invention com-
prises a method for performing frame averaging in an
ultrasound device performing color flow imaging. This
embodiment comprises calculating a motion factor by com-
paring at least one current b-mode frame with at least one
previous b-mode frame and determining motion using at
least the motion factor. The method further comprises
increasing a level of frame averaging if the motion factor is
below a first predetermined threshold and decreasing the
level of frame averaging if the motion factor is above the
first predetermined threshold.

[0013] Still another embodiment comprise an ultrasound
machine for generating color flow imaging responsive to
moving tissue. This embodiment comprises a front-end and
at least one processor. The front end transmits ultrasound
waves into the moving tissue, generating received signals in
response to the ultrasound waves backscattered from the
moving tissue. The at least one processor responsive to the
received signals, calculates a motion factor by comparing at
least one current b-mode frame with at least one previous
b-mode frame, determines motion using at least the motion
factor, increases a level of frame averaging if the motion
factor is below a predetermined threshold, and decreases the
level of frame averaging if the motion factor is above the
predetermined threshold. Embodiments of the present inven-
tion are contemplated in which an ultrasound machine for
generating color flow imaging responsive to moving tissue
comprises a front end adapted to transmit ultrasound waves
into tissue and generate received signals in response to
ultrasound waves backscattered from said tissue. Further,
the ultrasound system may comprise at least one processor
adapted to calculate motion factor using an equation.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0014] FIG. 1 illustrates a block diagram of an embodi-
ment of an ultrasound machine or device adapted to perform
color flow imaging in accordance with certain embodiments
of the present invention.

[0015] FIG. 2 illustrates a high level flow diagram depict-
ing a method for performing frame averaging in an ultra-
sound machine or device adapted to perform color flow
imaging (similar to that illustrated in FIG. 1) in accordance
with certain embodiments of the present invention.

[0016] FIG. 3 illustrates a flow diagram depicting a
method for performing frame averaging in an ultrasound
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machine or device adapted to perform color flow imaging
(similar to that illustrated in FIG. 1) in accordance with
certain embodiments of the present invention.

[0017] FIG. 4 illustrates a detailed flow diagram depicting
a method for performing frame averaging in an ultrasound
machine or device adapted to perform color flow imaging
(similar to that illustrated in FIG. 1) in accordance with
certain embodiments of the present invention.

[0018] FIG. 5 illustrates another detailed flow diagram
depicting a method for performing frame averaging in an
ultrasound machine or device adapted to perform color flow
imaging (similar to that illustrated in FIG. 1) in accordance
with certain embodiments of the present invention.

[0019] The foregoing summary, as well as the following
detailed description of certain embodiments of the present
invention, will be better understood when read in conjunc-
tion with the appended drawings. For the purpose of illus-
trating the invention, certain embodiments are shown in the
drawings. It should be understood, however, that the present
invention is not limited to the arrangements and instrumen-
tality shown in the attached drawings.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] In at least one embodiment of the present inven-
tion, motion adaptive frame averaging of ultrasound color
flow images may be used to overcome lag and smearing alias
of color pixels caused by motion. It should be appreciated
that the il effects of motion on frame average are known in
other imaging modality (X-ray fluoroscopy for example).
However, one or more embodiments of the present invention
use b-mode image data to detect motion in color flow
imaging (using an ultrasound machine or device for
example). More specifically, one or more embodiments of
the present invention determine a motion factor using at
least B-mode ultrasound data to quantify motion, and then
use the motion factor to adjust the frame averaging. In at
least one embodiment, the adjustment of the frame averag-
ing may be performed dynamically and in real-time, as the
update frequency is the same as the B-mode frame rate,
about 10 to about 20 Hz

[0021] For the purpose of illustration only, the following
detailed description references a certain embodiment of an
ultrasound machine, apparatus or device. However, it is
understood that the one or more embodiments of the present
invention may be used with other devices or imaging
systems.

[0022] FIG. 1 illustrates an embodiment of an ultrasound
machine, generally designated 5, in accordance with
embodiments of the present invention. A transducer 10
(including a probe for example) transmits ultrasound waves
into a subject (live tissue for example) by converting elec-
trical analog signals to ultrasonic energy and receives the
ultrasound waves backscattered from the subject by con-
verting ultrasonic energy to analog electrical signals. A
front-end 20, that in one embodiment comprises a receiver,
transmitter, and beamformer, may be used to create the
necessary transmitted waveforms, beam patterns, receiver
filtering techniques, and demodulation schemes that are used
for the various imaging modes. Front-end 20 performs such
functions, converting digital data to analog data and vice



US 2005/0075569 Al

versa. Front-end 20 interfaces to transducer 10 using analog
interface 15 and interfaces to a non-Doppler processor 30, a
Doppler processor 40 and a control processor 50 over a bus
70 (digital bus for example). Bus 70 may comprise several
digital sub-buses, each sub-bus having its own unique con-
figuration and providing digital data interfaces to various
parts of the ultrasound machine 5.

[0023] Non-Doppler processor 30 is, in one embodiment,
adapted to provide amplitude detection functions and data
compression functions used for imaging modes such as
B-mode, M-mode, and harmonic imaging. Doppler proces-
sor 40, in one embodiment provides clutter filtering func-
tions and movement parameter estimation functions used for
imaging modes such as tissue velocity imaging (TVI), strain
rate imaging (SRI), and color M-mode and B-mode. In one
embodiment, the two processors, 30 and 40, accept digital
signal data from the front-end 20, process the digital signal
data into estimated parameter values, and pass the estimated
parameter values to processor 50 and a display 75 over
digital bus 70. The estimated parameter values may be
created using the received signals in frequency bands cen-
tered at the fundamental, harmonics, or sub-harmonics of the
transmitted signals in a manner known to those skilled in the
art.

[0024] Display 75 is adapted, in one embodiment, to
provide scan-conversion functions, color mapping func-
tions, and tissue/flow arbitration functions, performed by a
display processor 80 which accepts digital parameter values
from processors 30, 40, and 50, processes, maps, and
formats the digital data for display, converts the digital
display data to analog display signals, and communicate the
analog display signals to a monitor 90. Monitor 90 accepts
the analog display signals from display processor 80 and
displays the resultant image.

[0025] A user interface 60 enables user commands to be
input by the operator to the ultrasound machine 5 through
control processor 30. User interface 60 may comprise a
keyboard, mouse, switches, knobs, buttons, track balls, foot
pedals, a microphone for inputting voice commands and
on-screen menus, among other devices.

[0026] A timing event source 65 generates a cardiac
timing event signal 66 that represents the cardiac waveform
of the subject. The timing event signal 66 is input to
ultrasound machine 5 through control processor 50.

[0027] In one embodiment, control processor 50 com-
prises the main, central processor of the ultrasound machine
5, interfacing to various other parts of the ultrasound
machine 5 through digital bus 70. Control processor 50
executes the various data algorithms and functions for the
various imaging and diagnostic modes. Digital data and
commands may be communicated between control proces-
sor 50 and other various parts of the ultrasound machine 5.
As an alternative, the functions performed by control pro-
cessor 50 may be performed by multiple processors, or may
be integrated into processors 30, 40, or 80, or any combi-
nation thereof. As a further alternative, the functions of
processors 30, 40, 50, and 80 may be integrated into a single
PC backend.

[0028] FIG. 2 illustrates a high level flow diagram depict-
ing a method for performing adaptive frame averaging,
generally designated 200, in an ultrasound machine or
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device adapted to perform color flow imaging (similar to
that illustrated in FIG. 1) in accordance with certain
embodiments of the present invention. In at least one
embodiment of the present method 200, Step 210 comprises
calculating a motion factor using at least b-mode data (one
b-mode image frame for example). Step 220 comprises
determining motion (of a probe or tissue for example) using
at least the motion factor. Step 230 comprise adjusting the
frame averaging level of a color display using at least the
motion factor.

[0029] In at least one embodiment of the present inven-
tion, motion adaptive frame averaging for color flow images
may be used to overcome lag and smearing alias of color
created by motion. FIG. 3 illustrates a flow diagram depict-
ing a method, generally designated 300, for performing such
motion adaptive frame averaging in an ultrasound machine
or device adapted to perform color flow imaging (similar to
that illustrated in FIG. 1) in accordance with certain
embodiments of the present invention. In one embodiment,
an algorithm or equation may be used to perform such frame
averaging.

[0030] In at least one embodiment of method 300, Step
310 comprises calculating motion factor from the b-mode
image frames by comparing at least one current b-mode
frame with at least one previous b-mode frame. In at least
one embodiment, the current b-mode frame is compared
with more than one previous b-mode frame (using an
equation for example).

[0031] Step 320 comprises determining the probe and/or
tissue motion using at least the motion factor. It is contem-
plated that, in at least one embodiment, the motion factor
determines or measures the b-mode gray scale image change
between the current frame and one or more previous frames.
Such change is a good estimate of the probe or tissue
movement. In particular, the motion factor may be calcu-
lated from the region of interest (alternatively referred to as
the “ROI”) of the color flow.

[0032] In at least one embodiment, this motion factor may
then be used to adjust the frame average level for the color
display. Step 330 comprises determining if an adjustment is
required. In the illustrated embodiment, such adjustment
determination is made with respect to at least one threshold.
More specifically, in at least one embodiment, such adjust-
ment may be made by determining if the motion factor is
above or below at least one predetermined threshold. Step
340 comprises adjusting the frame averaging based, at least
in part, on such determination. In at least one embodiment,
such adjustment may comprise increasing, decreasing or not
adjusting the level of the frame averaging. It is further
contemplated that, in at least one embodiment, the at least
one predetermined threshold may be set such that, if motion
factor a certain level (i.e., the motion factor is at or above a
second predetermined threshold different from the first pre-
determined threshold), the frame averaging is turned off.
Turning off the frame averaging removes lags and smearing
when strong motion is present.

[0033] In at least one embodiment of the present inven-
tion, motion adaptive frame averaging for color flow images
may be used to overcome at least lag and smearing alias of
color created by motion. FIG. 4 illustrates a detailed flow
diagram depicting a method, generally designated 400, for
performing such motion adaptive frame averaging in an



US 2005/0075569 Al

ultrasound machine or device adapted to perform color flow
imaging for example (similar to that illustrated in FIG. 1) in
accordance with certain embodiments of the present inven-
tion. In at least one embodiment, an algorithm or equation
may be used to perform such frame averaging.

[0034] In at least one embodiment of method 400, Step
410 comprises calculating motion factor from the b-mode
image frames by comparing at least one current b-mode
frame with at least one previous b-mode frame. In at least
one embodiment, the current b-mode frame is compared
with more than one previous b-mode frame (using an
equation for example).

[0035] Step 420 comprises determining the probe and/or
tissue motion using at least the motion factor. It is contem-
plated that, as provided previously, the motion factor deter-
mines or measures the b-mode gray scale image change
between a current frame and one or more previous frames.
Such change is a good estimate of the probe or tissue
movement, as provided previously. In particular, the motion
factor may be calculated from the ROI of the color flow.

[0036] The motion factor may be used to adjust the frame
average level for the color display. Step 430 comprises
determining if the motion factor is above or below a pre-
determined threshold. More specifically, in at least this
embodiment, Step 430 comprises determining if the motion
factor is below or less than a first predetermined threshold (a
low threshold for example). If the motion factor is below or
less than the first predetermined threshold (i.e., the motion
factor is small), Step 440 comprises increasing a level of the
frame averaging.

[0037] If the motion factor is not below or less than the
first predetermined threshold, Step 450 comprises determin-
ing if the motion factor exceeds or is greater than a second
predetermined threshold (a high threshold for example). If
the motion factor is greater than or exceeds the second
predetermined threshold (ie., the motion factor is large),
Step 460 comprises reducing the level of frame averaging to
avoid at least lag and color alias caused by probe or tissue
motion. In at least one embodiment, if the motion factor does
not exceed the second threshold, method 400 comprises not
changing or effecting the level of frame averaging (i.e., the
frame averaging is maintained at the same level).

[0038] It is further contemplated that, in at least one
embodiment, at least one predetermined threshold (if not
both) may be set such that if motion factor is greater than or
exceeds the second predetermined threshold by a certain
amount (ie., the motion factor is at or above the second
predetermined threshold by a certain amount) the frame
averaging is turned off. Turning off the frame averaging may
remove the lag and smearing when strong motion is present.

[0039] In at least one embodiment of the present inven-
tion, motion adaptive frame averaging for color flow images
may be used to overcome at least lag and smearing alias of
color created by motion. FIG. 5 illustrates a detailed flow
diagram depicting a method, generally designated 500, for
performing such motion adaptive frame averaging in an
ultrasound machine or device for example adapted to per-
form color flow imaging for example (similar to that illus-
trated in FIG. 1) in accordance with certain embodiments of
the present invention. In at least one embodiment, an algo-
rithm or equation may be used to perform such frame
averaging.
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[0040] In at least one embodiment of method 500, Step
510 comprises calculating motion factor from the b-mode
image frames by comparing at least one current b-mode
frame with at least one previous b-mode frame. In at least
one embodiment, the current b-mode frame is compared
with more than one previous b-mode frame (using an
equation for example).

[0041] Step 520 comprises determining the probe and/or
tissue motion using at least the motion factor. It is contem-
plated that, as provided previously, the motion factor deter-
mines or measures the b-mode gray scale image change
between a current frame and one or more previous frames.
In particular, the motion factor may be calculated from the
ROI of the color flow.

[0042] The motion factor may used to adjust the frame
average level for the color display. Step 530 comprises
determining if the motion factor is above or below a pre-
determined threshold. More specifically, in at least this
embodiment, Step 530 comprises determining if the motion
factor is greater than or exceeds a first predetermined
threshold (a high low threshold for example). If the motion
factor exceeds or is greater than the first threshold (i.e., the
motion factor is large), Step 540 comprises decreasing the
level of the frame averaging.

[0043] If the motion factor is not greater than or exceeds
the first predetermined threshold, Step 550 comprises deter-
mining if the motion factor is less than or falls below a
second predetermined threshold (a low threshold for
example). If the motion factor is less than or falls below the
second predetermined threshold (i.e., the motion factor is
small), Step 560 comprises increasing the level of frame
averaging to avoid at least lag and color alias caused by
probe or tissue motion. In at least one embodiment, if the
motion factor does not exceed the second predetermined
threshold, method 500 comprises not changing or effecting
the level of frame averaging (i.c., the frame averaging is
maintained at the same level).

[0044] Tt is further contemplated that, in at least one
embodiment, at least one predetermined threshold (if not
both) may be set such that if motion factor is greater than or
exceeds the first predetermined threshold by a certain
amount (ie., the motion factor is at or above the first
predetermined threshold by a certain amount, the frame
averaging is turned off. Turning off the frame averaging
removes lags and smearing when strong motion is present.

[0045] In at least one embodiment of the present inven-
tion, adjusting the frame averaging depends, at least in part,
on a frame averaging equation, similar to that provided
below. For example, if the frame averaging is implemented
as a simple arithmetic mean operation, then increasing the
level of frame averaging may be implemented by calculating
an arithmetic mean with a number of previous frames. In at
least one embodiment, the frame averaging level of the FIR
or IIR filters may be adjusting or changing the number of
frames involved. It is further contemplated that the frame
averaging level of the FIR or IIR filters may be also adjusted
or modified by changing or adjusting the filer coefficient,
alone or in combination with adjusting or changing the
number of frames.

[0046] Ttis contemplated that, in at least one embodiment,
the equation is sensitive and responsive to motion, having a
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response time of about Yo to about Y20 seconds as the
b-mode frame rate is usually about 10 to about 20 Hz. The
motion factor may be stored in a system memory of the
scanner In one embodiment, the motion factor may be stored
in a separate stand alone memory or in or on a component
of the system or device § (processor 50 for example).

[0047] In one embodiment, the stored motion is updated
using the b-mode display subsystem, and is read by the color
display subsystem. It is contemplated that the b-mode and
color display subsystems may be hardware components that
are part of the ultrasound system or device 5 similar to that
discussed previously, or software running on the system 5
(on processor 50 for example).

[0048] It should be appreciated that in at least one embodi-
ment, B-mode display generally changes only with tissue or
probe movement. Thus using B-mode display data to cal-
culate the motion factor provides a good estimate of the true
motion of the probe and/or the tissue. However, other
methods may be used for calculating the motion factor. One
embodiment of the present invention comprises calculating
the motion factor using color frame data.

[0049] In at least one embodiment of the present inven-
tion, motion factor may be calculated using at least one
b-mode frame, more particularly at least two b-mode frames.
In at least one embodiment of the invention, an equation is
used to calculate the sum of absolute differences (alterna-
tively referred to as “SAD”):

M Z 1X; = Xi-1
T ZIX

[0050] Where X;X; , arc the grayscale pixel values of
current and previous b-mode frames.

[0051] This equation may be used to calculate the motion
factor, which in turn may be used to reduce and/or remove
color lag and smearing caused by probe and tissue motion.
It should be appreciated that motion factor calculated using
the equation has a fast response time and is sensitivity to
motion, since, in at least one embodiment, the motion factor
is calculated for every frame of the b-mode data, where the
b-mode frame rate is about 10 to about 20 Hz. Therefore, the
response time to sudden motion is about Y40 to about %o
seconds. When no motion is detected, the equation auto-
matically increases the level for frame average, thus further
increase SNR and color persistency.

[0052] Tt should be appreciated that using an equation to
determine motion factor is also efficient, as such calculation
for the motion factor is simple and easy to implement in
realtime. This equation may also be used to reduce the
blurring of b-mode images with motion, thus the motion
factor may, in one embodiment, be calculated only once for
cach b-mode frame, and used for both the color and b-mode
frame average.

[0053] While the invention has been described with ref-
erence to certain embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the invention. In addition, many modifications may
be made to adapt a particular situation or material to the
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teachings of the invention without departing from its scope.
Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.

1. A method for performing frame averaging in a device
that produces at least one color flow image comprising:

calculating a motion factor using at least b-mode data;
determining motion using at least said motion factor; and

adjusting the frame averaging using at least said motion

factor.

2. The method of claim 1 wherein calculating said motion
factor comprises using at least one current b-mode frame.

3. The method of claim 1 wherein calculating said motion
factor comprises using at least one previous b-mode frame.

4. The method of claim 1 comprising using an equation to
determine said motion factor.

5. The method of claim 4 wherein said equation is used to
calculate a sum of absolute differences between at least two
b-mode frames.

6. The method of claim 4 wherein said equation comprises

M Z 1X; = X1
T Tl

where X, X;_; comprise the grayscale pixel values of current
and previous b-mode frames.

7. The method of claim 1 wherein said motion factor is
calculated for at least one region of interest.

8. The method of claim 1 wherein adjusting the frame
average comprises determining if the motion is below a
predetermined threshold.

9. The method of claim 8 comprises increases a level of
frame averaging.

10. The method of claim 1 wherein adjusting the frame
average comprises determining if the motion faction is
above a predetermined threshold.

11. The method of claim 10 comprising decreasing a level
of frame averaging.

12. A method for performing frame averaging in an
ultrasound device performing color flow imaging, compris-
ing:

calculating a motion factor by comparing at least one

current b-mode frame with at least one previous
b-mode frame;

determining motion using at least said motion factor;

increasing a level of frame averaging if said motion factor
is below a first predetermined threshold; and

decreasing said level of frame averaging if said motion

factor is above said first predetermined threshold.

13. The method of claim 12 comprising using an equation
to determine said motion factor.

14. The method of claim 13 wherein said equation is used
to calculate a sum of absolute differences between at least
two b-mode frames.

15. The method of claim 13 wherein said equation com-
prises
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M Z [X;i = Xi
T Ikl

and wherein X; X;_, are the grayscale pixel values of current
and previous b-mode frames.

16. The method of claim 12 wherein adjusting the frame
average comprises determining if said motion factor is
above a second predetermined threshold.

17. The method of claim 16 comprises turning off said
frame averaging off.

18. An ultrasound apparatus for generating color flow
imaging responsive to moving tissue comprising:

a front-end arranged to transmit ultrasound waves into the
moving tissue, generating received signals in response
to the ultrasound waves backscattered from the moving
tissue; and
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at least one processor responsive to the received signals,
calculating a motion factor by comparing at least one
current b-mode frame with at least one previous
b-mode frame, determining motion using at least said
motion factor, increasing a level of frame averaging if
said motion factor is below a predetermined threshold,
and decreasing said level of frame averaging if said
motion factor is above said predetermined threshold.
19. The apparatus of claim 18 further comprising a front
end adapted to transmit ultrasound waves into tissue and
generate received signals in response to ultrasound waves
backscattered from said tissue.
20. The apparatus of claim 18 wherein said at least one
processor is adapted to calculate said motion factor using an
equation.
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