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1
METHOD AND DEVICE FOR COLOR BLOOD
FLOW FRAME AVERAGING

STATEMENT OF RELATED APPLICATION

The present application claims the priority of the Chinese
Patent Application No. 200710112301.3, entitled “Method
and Device for Color Blood Flow Frame Averaging”, filed on
Jun. 1, 2007, which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to the field of ultrasound
imaging, and more particularly, to a method and device for
color blood flow frame averaging for use in an ultrasound
imaging system.

BACKGROUND OF THE INVENTION

The color blood flow imaging technology, the most
extraordinary and important function of a commercial color
ultrasonic apparatus, is used to measure the presence of a
blood flow in the human body and estimate the kinetic param-
eters of the blood flow in the human body. A schematic block
diagram of the commercial color ultrasonic apparatus is
shown in FIG. 1. A pulse signal transmitted from the probe
enters the human body and, having been reflected by the
human body tissue, the blood flow and the moving organs, is
received by an ultrasound probe, and finally gets amplified,
analog-to-digital converted and beamformed by an RF pro-
cessing circuit to form a radio frequency (RF) signal. The RF
signal may form a black and white image of the human body
tissue through an envelope detection channel or may form a
color image regarding the human body blood flow motion
parameters through a color blood flow processing channel.
The image is then sent to the display for displaying having
gone through a merge of an anatomic image B and a color
flow image C, a coordinate transformation, an image post-
processing, etc., as shown in FIG. 1. These processes may be
in different orders, or alternatively include additional image
post-processing steps.

There is a key step going on in the color blood flow pro-
cessing channel, i.e., a color frame averaging step, also
known as color image time averaging processing. The object
of this processing is to increase the signal-to-noise ratio
(SNR) by time accumulation, so as to improve the sensitivity
of the commercial ultrasonic apparatus in detection of a weak
blood flow signal.

Color frame averaging processing technologies have been
described in some public literatures and patents. Franklin [1]
et al. of ATL proposed a color frame averaging method in
1993. This color frame averaging technology uses a first-
order IIR filter for the frame averaging between consecutive
color velocity frames. When the velocity increases, the veloc-
ity after the frame averaging is increased therewith swiftly;
and when the velocity declines, the velocity after the frame
averaging is decreased slowly. Thus, even during the end
diastole, the color velocity can be maintained for a period of
time to improve the color sensitivity. However, this patent
does not take into account the possibility that there may be
two consecutive frames, the directions of which are reverse.
The color velocity frame averaging as described in document
[1] is referred to as scheme I and described as follows. If the
input blood flow velocity of the current frame is larger than
the output blood flow velocity of the previous frame, the input
blood flow velocity of the current frame is outputted as the
output blood flow velocity of the current frame. Otherwise,
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2

the output blood flow velocity of the previous frame and the
input blood flow velocity of the current frame are frame-
averaged,ie.,V,_ (n)=aV, (0-D+(1-a)V, (n), where, o is
the frame averaging coefficient, V, (n) refers to the input
blood flow velocity of the current frame, V,,(n) and V, (n-
1) refer to respectively the current frame velocity and the
previous frame velocity outputted by the color frame averag-
ing.

Collaris et al. [2] described a time averaging scheme using
aso-called “persistence filter”. This scheme also makes use of
the TIR filter and moreover takes the possibility of opposing
blood flow velocities into account. When the blood flow
velocity of the current frame is in a different direction than
that of the previous frame, or when the blood flow velocity
value of the current frame is larger than that of the previous
frame, the velocity direction of the current frame is used, and
the blood flow velocity value of the current frame outputted
by the color frame averaging processing is independent of the
blood flow velocity value of the previous frame. Otherwise, a
first-order IIR recursive filter is used to maintain the color
blood flow velocity for a period of time. In contrast to scheme
1, the scheme in [2], hereinafter referred to as scheme II,
further considers the change in the directions of the blood
flows between consecutive velocity frames. This is how
scheme I is implemented: if the input blood flow velocity of
the current frame is larger than the output blood flow velocity
ofthe previous frame, or when the direction of the input blood
flow of the current frame is opposite to that of the output blood
flow of the previous frame, the input blood flow velocity of
the current frame is outputted as the output blood flow veloc-
ity of the current frame. Otherwise, the output blood flow
velocity of the previous frame and the input blood flow veloc-
ity of the current frame are frame-averaged, i.e.,
Vyout(n):avout(n_l)+(1_a)vin(n)5 where a, Vin(n)ﬂ \/out(n)
andV__ (n-1) have the same meanings as in scheme 1.

In the literatures and patents published later on, some
extensions are made to scheme II. To increase the pulsation of
the blood flow, Forestieri [3] and Smith [4] adjust the magni-
tude of the frame averaging coefficient based on the calcu-
lated blood flow velocities of the current frame and the pre-
vious frame. Unfortunately, the final frame averaging
algorithm does not take velocity aliasing into account. Like-
wise, Wong [5] of Siemens merely introduces two more
parameters on the basis of scheme 11, i.e., energy threshold
and velocity threshold, to identify some irregularities occur-
ring during the blood flow velocity calculation. Wong [5] of
Siemens still disregards the effect of the blood flow velocity
aliasing upon the velocity frame averaging.

All ofthese improved frame averaging techniques make no
substantial changes to scheme II, though they consider the
change in the directions of the blood flows between consecu-
tive velocity frames. Moreover, a so-called “shadow” phe-
nomenon always occurs in the clinical diagnosis of these
schemes.

As apparent, the disadvantage of the existing color velocity
frame averaging techniques is that when two consecutive
frames have blood flows of opposing directions, the current
blood flow frame is output directly without taking into
account the relationship between the previous frame velocity
value and the current frame velocity value if the velocity
aliasing occurs. This operation of directly dropping the pre-
vious frame velocity value is a nonlinear processing, causing
a “shadow” in the blood flow velocity diagram of the subse-
quent frame, which continues to appear in the following
frames.

The cause for the presence of “shadow” is described as
follows.

our
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It is assumed that color scale indication bars are used to
indicate the color blood flow velocity as shown in FIG. 2. The
color red indicates a blood flow velocity in the direction
towards the probe. As the velocity increases, the color scale
exhibits black, dark red, red and bright red successively. The
color blue denotes a blood flow velocity in the direction away
from the probe. As the departure velocity increases, the color
scale exhibits black, dark blue, blue and bright blue succes-
sively.

FIG. 3 shows two blood flow velocity diagrams, taking the
carotid as an example, in which, FIG. 3a shows the blood flow
velocity diagram of the previous frame having been subjected
to frame averaging, and FIG. 35 shows the blood flow veloc-
ity diagram of the current frame under an auto-correlation
estimation. The changes in velocity with time as character-
ized in these two diagrams are consistent with the actual
changes of the blood flow velocity in the carotid. It can be
seen from FIG. 3q that it is during the systole of the cardiac
cycle that the blood flow velocity of the carotid is being
scanned. Therefore, the carotid has a maximum blood flow
velocity in the whole cardiac cycle. At this time, the blood
flow velocity appears bright blue in the middle of the blood
vessel, as indicated in area A in FIG. 3a. In other spatial areas
ofthe blood vessel, such as area B shown in FIG. 34, the blood
flow is at a slightly lower speed than the blood flow in the
middle of the blood vessel, i.e., the velocity in area B in FIG.
3a is slightly lower than that in area A, and the blood flow
velocity in area B exhibits bright red. In the subsequent frame
of the blood flow, as the blood flow velocity scanned at this
moment is not the maximum blood flow velocity in the whole
cardiac cycle, the blood flow velocity in the entire blood
vessel exhibits dark red (or red), as shown in FIG. 36. Both
area A and area B in FIG. 3a exhibit dark red at this time.

FIG. 4 shows changes of the blood flow velocity with time
in area A and area B during scanning two consecutive frames,
in which PRF refers to a pulse repetition frequency. FIG. 4a
shows the changes in the blood flow velocity with time in area
A. During scanning the previous frame, the blood flow veloc-
ity in area A is just within the systole, when aliasing occurs to
the blood flow velocity in area A, exhibiting bright blue. The
blood flow velocity in area B is also within the systole, but the
blood flow velocity is slightly lower than that in the middle of
the blood vessel, thus exhibiting bright red. When scanning
the current frame, as indicated by the vertical heavy dotted
line on the right-hand side of FIG. 4, since the blood flow
velocity being scanned does not correspond to the maximum
blood flow velocity, neither the blood flow velocity in area A
nor the blood flow velocity in area B is large, exhibiting dark
red in the image.

According to the existing color frame averaging technol-
ogy described in scheme II, in area A, since the blood flow
velocity of the previous frame is bright blue, but the blood
flow velocity of the current frame is dark red, the blood flow
velocities have opposing directions. According to the frame
averaging described as scheme 11, it is the velocity of the
current velocity frame that should be outputted, i.e., dark red.
However, in area B, because the blood flow velocity of the
previous frame and that of the current frame have the same
direction, and meanwhile the blood flow velocity of the pre-
vious frame is larger than that of the current frame, according
to scheme II, the output color blood flow velocity of the
current frame is obtained by the recursion of the output blood
flow velocity of the previous frame onto the input blood flow
velocity ofthe current frame. Therefore, the blood flow veloc-
ity at this time is red instead of dark red. The flow of the frame
averaging may be seen from the diamonds indicating veloci-
ties as shown in FIG. 5. The dot-and-dash lines in FIG. 5a and
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5b each indicate the changes in the blood flows of the previous
frame and the current frame after being processed by the
existing color frame averaging technology. It can be seen
from FIG. 5 that in area A, the output blood flow velocity of
the current frame remains dark red, while in area B, the color
of the output blood flow velocity of the current frame is
lightened by the bright red color of the output blood flow
velocity of the previous frame, thus exhibiting red. Thus, the
prior art will result in a color blood flow velocity diagram
shown in FIG. 6, in which the blood flow velocity in the
middle of the blood vessel appears dark red, and appears red
in both sides of the blood vessel. As a result, a dark red block
stands amidst a red blood flow. This block of blood flow
having a different color is referred to as a “shadow”. This
phenomenon does not make sense in clinics. In a clinical
blood flow velocity diagram, it should be that the blood flow
velocity is high in the middle of the blood vessel, and the
blood flow velocity at the proximity of the vessel wall is
relatively lower. Furthermore, the larger the frame averaging
coefficient, the greater the difference between the blood flow
velocities in the middle of the blood vessel and in the prox-
imity ofthe vessel wall; the greater the difference between the
blood flow velocities of the current frame and of the previous
frame, the greater the difference between the blood flow
velocities in the middle of the blood vessel and in the prox-
imity ofthe vessel wall. The same applies to the reverse blood
flow. That is, the prior art would output a blood flow velocity
diagram in which a dark blue block appears amidst a blue
blood flow. Particularly, an obvious line trail will appear
along the edges ofarea A and area B, i.e., the edge intersecting
the dark red area and the red area, or the edge intersecting the
dark blue area and the blue area.

These “shadows” and line trails are unfavorable in the color
blood flow image. Therefore, there exists a need to provide a
method and device that alleviates or eliminates these “shad-
ows” and line trails concerning blood flow velocities.

SUMMARY OF THE INVENTION

The present invention provides a method for color blood
flow frame averaging. The method comprises: acquiring an
input blood flow velocity of the current frame and an output
blood flow velocity of the previous frame; determining
whether the input blood flow velocity of the current frame is
in an opposite direction to that of the output blood flow
velocity of the previous frame; determining whether aliasing
occurs to the output blood flow velocity of the previous frame
if the input blood flow velocity of the current frame is in an
opposite direction to that of the output blood flow velocity of
the previous frame; and processing the input blood flow
velocity of the current frame and the output blood flow veloc-
ity of the previous frame to obtain an output blood flow
velocity of the current frame if aliasing occurs to the output
blood flow velocity of the previous frame.

The step of determining whether aliasing occurs further
comprises: comparing parameters regarding the previous
frame with corresponding first threshold values, and if the
parameters regarding the previous frame are larger than the
corresponding first threshold values, determining occurrence
of aliasing to the output blood flow velocity of the previous
frame. The parameters regarding the previous frame comprise
any one of or any combination of: ablood flow velocity of the
previous frame, blood flow energy of the previous frame, a
blood flow variance of the previous frame, and an absolute
value of a difference between the output blood flow velocity
of the previous frame and the input blood flow velocity of the
current frame.
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In an embodiment of the present invention, the step of
determining whether aliasing occurs further comprises com-
paring the blood flow energy of the previous frame with an
energy threshold value and comparing the absolute value of
the difference between the output blood flow velocity of the
previous frame and the input blood flow velocity of the cur-
rent frame with a velocity difference threshold value; and
determining occurrence of aliasing to the output blood flow
velocity of the previous frame, if the blood flow energy of the
previous frame is larger than the energy threshold value and
the absolute value of the difference between the output blood
flow velocity of the previous frame and the input blood flow
velocity of the current frame is larger than the velocity dif-
ference threshold value. The energy threshold value is related
to human body part to be detected and the cut-off frequency of
a wall filter, and the velocity difference threshold value is
related to human body part to be detected, frame rate and the
blood flow velocity scale during the detection.

The step of processing the input blood flow velocity of the
current frame and the output blood flow velocity of the pre-
vious frame comprises: moving the output blood flow veloc-
ity of the previous frame to another position; and frame aver-
aging the output blood flow velocity of the previous frame
that has been moved and the input blood flow velocity of the
current frame to obtain the output blood flow velocity of the
current frame.

In an embodiment of the present invention, the another
position is a no-aliasing position that is not limited by a pulse
repetition frequency.

Preferably, the step of processing the input blood flow
velocity of the current frame and the output blood flow veloc-
ity of the previous frame further comprises equalizing the
output blood flow velocity of the current frame to a second
threshold value if the output blood flow velocity of the current
frame is larger than the second threshold value to prevent
overflow.

Optionally, the step of moving the output blood flow veloc-
ity of the previous frame comprises determining a forward
movement or a reverse movement based on the sign of the
output blood flow velocity of the previous frame.

In an embodiment of the present invention, the output
blood flow velocity of the current frame involved in the step of
frame averaging is calculated according to:

Vordry=sign(V, (0 * (o177, (1= 1) 1+ (1-a)* IV, () ],

where, V(1) is the output blood flow velocity of the current
frame, sign(*) represents the sign of a variable in parentheses,
o is a frame averaging coefficient, |+ represents an absolute
value, V', (n-1) refers to the blood flow velocity of the
previous frame that has been moved, V,, (n) refers to the input
blood flow velocity of the current frame, V', (n-1)=IV (0~
1)I-0, and O represents movement amount.

The present invention further provides a device for color
blood flow frame averaging. The device comprises: a velocity
acquisition module for acquiring an input blood flow velocity
of the current frame and an output blood flow velocity of the
previous frame; a direction determination module for deter-
mining whether the input blood flow of the current frame is in
an opposite direction to that of the output blood flow of the
previous frame; an aliasing determination module for deter-
mining whether aliasing occurs to the output blood flow
velocity of the previous frame if the input blood flow velocity
of the current frame is in an opposite direction to that of the
output blood flow velocity of the previous frame; and an
aliasing processing module for processing the input blood
flow velocity of the current frame and the output blood flow
velocity of the previous frame to obtain an output blood flow
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6

velocity of the current frame if aliasing occurs to the output
blood flow velocity of the previous frame.

The aliasing processing module comprises a velocity
movement module for moving the output blood flow velocity
of the previous frame to another position; and a frame aver-
aging module for frame averaging the output blood flow
velocity of the previous frame that has been moved and the
input blood flow velocity of the current frame to obtain the
output blood flow velocity of the current frame.

Preferably, the aliasing processing module further com-
prises an anti-overflow module for equalizing the output
blood flow velocity of the current frame to a threshold value
if the output blood flow velocity of the current frame is larger
than the threshold value.

According to the existing technical scheme II, when the
directions of the blood flow velocities of two consecutive
frames are opposite to each other, the input blood flow veloc-
ity of the current frame is directly output upon color velocity
frame averaging processing. In this case, since aliasing occurs
to the blood flow velocity of the previous frame that takes part
in the color frame averaging at some spatial distribution
points, while it does not happen at other spatial distribution
points, it will result in the presence of'a flake-like “shadow” in
the output blood flow velocity of the current frame upon color
velocity frame averaging processing. The color frame aver-
aging scheme according to the present invention can deter-
mine whether aliasing occurs to the output blood flow veloc-
ity of the previous frame based on the blood flow energy of the
previous frame and the difference between the output blood
flow velocity of the previous frame and the input blood flow
velocity of the current frame. If aliasing occurrence is deter-
mined, the output blood flow velocity of the previous frame
will be moved, and the output blood flow velocity of the
previous frame that has been moved is subjected to the frame
averaging. Whereby, the present invention can improve and
eliminate the “shadow” in the output blood flow velocity of
the current frame due to velocity aliasing of the previous
frame existing in the prior color frame averaging processing,
such that the velocity image having been subjected to blood
flow frame averaging appears more natural and has a more
reasonable distribution, and the image can be displayed more
smoothly.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more apparent from the
following description of specific embodiments with reference
to the drawings:

FIG. 1 is a schematic block diagram of a color ultrasound
imaging;

FIG. 2 shows a schematic format of a common color scale
indication bar;

FIG. 3 shows blood flows of two consecutive frames, in
which, FIG. 3a is a blood flow diagram of the previous frame,
and FIG. 35 is a blood flow diagram of the current frame;

FIG. 4 shows curves of changes in the blood flow velocity
of the two consecutive scanned frames shown in FIG. 3, in
which, FIG. 4a shows a curve of changes in the blood flow
velocity with time in area A, and FIG. 4b shows a curve of
changes in the blood flow velocity with time in area B;

FIG. 5 shows a blood flow velocity of the current frame
resultant from using an existing color frame averaging tech-
nology, in which, FIG. 5a shows a curve of changes in the
blood flow velocity with time in area A, and FI1G. 55 shows a
curve of changes in the blood flow velocity with time in area
B;
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FIG. 6 shows a color blood flow velocity resultant from
using an existing color frame averaging technology;

FIG. 7 is aflowchart of a method for color blood flow frame
averaging according to the present invention;

FIG. 8 shows a velocity profileafter the aliased velocity has
been moved, among which, FIG. 8a shows a curve of changes
in the blood flow velocity with tine in area A, and FIG. 85
shows the curve of changes in the blood flow velocity with
time in area B;

FIG. 9 is a blood flow velocity resultant from using the
velocity frame averaging processing scheme according to the
present invention; and

FIG. 10 is a block diagram of a device for color blood flow
frame averaging according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the present invention, there is provided a method for
colorblood flow frame averaging. The method for colorblood
flow frame averaging according to the present invention will
be described in greater details hereunder in conjunction with
the flowchart as shown in FIG. 7.

The input blood flow velocity V,, (n) of the current frame
and the output blood flow velocity V,,(n-1) of the previous
frame are acquired in step 701. The direction of the input
blood flow velocity V,,(n) of the current frame and the direc-
tion of the output blood flow velocity V,(n-1) of the previ-
ous frame are observed in the subsequent step 702. If the
directions are identical, it goes to step 703, or otherwise goes
to step 704.

In step 703, the input blood flow velocity V,,(n) of the
current frame is compared with the output blood flow velocity
V,,[(0-1) of the previous frame. Preferably, the absolute
value of the input blood flow velocity 1'V,,(n)! of the current
frame is compared with the absolute value of the output blood
flow velocity 1V, (n-1)I of the previous frame. If IV, (n)! is
larger than IV, (n—-1), it goes to step 705. In step 705, the
input blood flow velocity V,, (n) of the current frame is out-
putted as the output blood flow velocity V__,(n) of the current
frame. Otherwise, it goes to step 706, in which, the input
blood flow velocity V,,,(n) of the current frame and the output
blood flow velocity V,, (n-1) of the previous frame are
frame-averaged, ie., V,, (nFa*V, (0-D+(1-a)*V, (n),
where «. is the frame averaging coefficient.

Obviously, the above frame averaging processing applies
when the directions of the blood flow velocities of two con-
secutive frames are identical to each other. If the input blood
flow velocity value of the current frame is larger than the
output blood flow velocity value of the previous frame, the
input blood flow velocity value of the current frame is directly
outputted, such that an increase of the blood flow velocity can
be swiftly shown on the display, thus increasing the pulsation
of the blood flow velocity image. If the input blood flow
velocity value of the current frame is lower than the output
blood flow velocity value of the previous frame, the output
velocity of the previous frame and the calculated velocity of
the current frame are frame-averaged, and the resultant
frame-averaged velocity is outputted as the output blood flow
velocity ofthe current frame, thus increasing the sensitivity of
the blood flow detection due to accumulation of frame aver-
aging.

In step 704, it is decided whether aliasing occurs to the
output blood flow velocity of the previous frame. In one
embodiment of the present invention, the decision is made
mainly based on two conditions. One is the blood flow energy
corresponding to the blood flow velocity at each spatial point
in the previous frame. If aliasing occurs to a certain spatial
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point in the blood flow, its corresponding blood flow energy is
the maximum energy in the whole cardiac cycle. If the blood
flow energy at a spatial point is large enough, it is likely that
velocity is aliased at that point. The other condition is the
difference between the blood flow velocity of the previous
frame and the blood flow velocity of the current frame. Under
the same velocity measurement condition, the larger the
velocity difference, the more likely aliasing occurs to the
blood flow velocity of the previous frame. Therefore, step 704
is implemented by comparing the blood flow energy W, (n-
1) of the previous frame with an energy threshold value W, ,
and comparing the absolute value of the difference IV, (n-
D-V,,(n)l between the output blood flow velocity of the
previous frame and the input blood flow velocity of the cur-
rent frame with a velocity difference threshold value V,,,. If
the blood flow energy W, (n-1) of the previous frame is
larger than the energy threshold value W ,,, and in the mean
time if the absolute value of the difference IV, (n-1)-V,(n)!
is larger than the threshold value V,,,, it is determined that
aliasing occurs to the output blood flow velocity of the pre-
vious frame, and then step 707 starts. Otherwise, it is deter-
mined that aliasing does not occur, and step 705 starts instead.
These steps will be described in greater details hereinafter. A
person skilled in the art may readily understand that the
determination on the occurrence of aliasing to the output
blood flow velocity of the previous frame may depend on
either one of the blood flow velocity, the blood flow energy, or
the blood flow variance, or the combination of any two or
three of the above three parameters.

Instep 707, an anti-aliasing movement is performed on the
output blood flow velocity of the previous frame, i.e., the
output blood flow velocity V, (n-1) of the previous frame is
moved to another position that is not limited by a pulse
repetition frequency. In an embodiment of the present inven-
tion as shown in FIG. 8a, the velocity movement amount
depends on the absolute value of the blood flow velocity,
therefore, the velocity movement may be calculated as fol-
lows:

Viauln=1)=1V,,(n-1)I-8,

where, 6 is the movement amount. In an embodiment of the
present invention, 0 is 256. Notably, it should be determined
whether the movement is a forward movement or a reverse
movement based on the sign of the output blood flow velocity
ofthe previous frame. In the subsequent step 708, the absolute
value of the output blood flow velocity V', (n-1) of the
previous frame that has been moved and the absolute value of
the input blood flow velocity V,, (n) of the current frame are
frame-averaged, and the frame-averaged result gives an intet-
mediate result variable V.

When both the frame averaging coefficient o and the input
blood flow velocity V,,(1n) of the current frame have a rela-
tively large value, the intermediate result variable V., may
be larger than a threshold value. If the intermediate result
variable V., is outputted at this time as the output blood
flow velocity of the current frame, overflow occurs. There-
fore, an overflow determination step 709 is preferred accord-
ing to one embodiment of the present invention. In step 709,
the intermediate result variable V,,,,, is compared with a
threshold value. In an embodiment of the invention, the
threshold value is equal to 127. If the intermediate result
variableV . is larger than the threshold value, it goes to step
710, where an anti-overflow processing is performed on the
intermediate result variable V., . 1.e., the intermediate result
variable V.. is made equal to the threshold value, and the
threshold value is outputted as the output blood flow velocity
value of the current frame. Otherwise, it goes to step 711
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where the intermediate result variable V,,,,, is outputted as
the output blood flow velocity value of the current frame.
Notably, the direction of the output blood flow velocity of the
current frame should be kept consistent with that of the input
blood flow velocity of the current frame, which is imple-
mented by multiplying the output blood flow velocity value of
the current frame by the sign of the input blood flow velocity
of the current frame.

As described above, if the output blood flow energy value
of the previous frame is relatively low, or the difference
between the output blood flow velocity of the previous frame
and the input blood flow velocity of the current frame does not
meet the conditions specific to the corresponding velocity
level, aliasing does not occur to the output blood flow velocity
ofthe previous frame. At this time, step 705 1s performed. The
input blood flow velocity V, (n) of the current frame is out-
putted as the output blood flow velocity of the current frame
in step 705. This is commonly found in hepatic veins and
thigh aorta. For hepatic veins, in a cardiac cycle, the blood
flow goes away from liver at most of the times. However, there
is always a reverse flow in hepatic veins for a very short period
of time in each cardiac cycle. For the thigh aorta itself, the
forward and reverse blood flows are alternately flowing.

FIG. 8 shows a resultant velocity having been subjected to
the color blood flow frame averaging according to the present
invention. According to FIG. 8, the aliased velocity gets
moved as indicated in area A. It is the velocity value after
being moved (larger than 127) that is subjected to the frame
averaging processing. The output blood flow velocity value
(the position indicated by the diamond in FIG. 8a) of the
current frame after the frame averaging processing is more
reasonable compared to the blood flow velocity value (the
position indicated by the diamond in FIG. 5a) of the current
frame calculated using the existing technique described in
scheme I1. For the velocity frame averaging in the area B, as
the direction of the blood flow velocity remains unchanged,
the output velocity value of the current frame as shown in
FIG. 86 is consistent with the output velocity value of the
current frame as shown in FIG. 55.

FIG. 9 shows a velocity output after the color blood flow
frame averaging processing according to the present inven-
tion. Since the output blood flow velocity of the previous
frame in area A is determined aliased and moved to the
expected position and then subjected to the frame averaging
processing, the output blood flow velocity of the current
frame in the area A should exhibit red instead of dark red after
frame averaging, and should be of a larger value than the
blood flow velocity in the area B. This is consistent with the
characteristics of the clinic test. Hence, the velocity “shadow”
accompanied with the existing frame averaging processing is
eliminated, and furthermore the line trail along the edges
intersecting the dark red area A and the red area B is removed
such that the blood flow velocity appears more natural and has
a more reasonable distribution.

The present invention further provides a device for color
blood flow frame averaging, as shown in FIG. 10, which will
be described in details as follows.

As shown in FIG. 10, the device for color blood flow frame
averaging according to the present invention comprises a
velocity acquisition module, a direction determination mod-
ule, an aliasing determination module and an aliasing pro-
cessing module. The aliasing processing module comprises a
velocity movement module and a frame averaging module. In
an embodiment of the present invention, the aliasing process-
ing module further comprises an anti-overflow module. The
operations of various modules will be described in details
below.
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Firstly, the velocity acquisition module acquires the input
blood flow velocity of the current frame and the output blood
flow velocity of the previous frame. Then, a direction deter-
mination module determines whether the direction of the
input blood flow velocity of the current frame is identical to
that of the output blood flow velocity of the previous frame. If
not, the aliasing determination module determines whether
aliasing occurs to the output blood flow velocity of the pre-
vious frame. The criterion for making such a determination is
already described above, and thus is not additionally
described herein.

If the aliasing determination module makes sure of the
aliasing to the output blood flow velocity of the previous
frame, the aliasing processing module gets into operations.
Firstly, the velocity movement module moves the output
blood flow velocity of the previous frame to a no-aliasing
position that is not limited by the pulse repetition frequency.
Compared to the existing technical solution, the output blood
flow velocity of the previous frame that has been moved is
further subjected to inter-frame velocity averaging process-
ing performed by the frame averaging module. A person
skilled in the art may readily understand that the frame aver-
aging module may be implemented by a first-order recursive
1IR filter, or a first-order FIR filter, or a high-order IIR or FIR
filter. If the frame-averaged velocity exceeds an allowable
maximum velocity value corresponding to PRF/2 under a
correct detection, the anti-overflow module replaces the
frame-averaged velocity with the allowable maximum veloc-
ity value.

If the direction of the blood flow velocity of the previous
frame under the color blood flow frame averaging processing
is opposite to that of the blood flow velocity of the current
frame, but the conditions for determining aliasing are not
satisfied, the aliasing determination module outputs the input
blood flow velocity of the current frame to the system, thus
avoiding a misjudgment of the presence of reverse blood
flows in different time phases within one cardiac cycle that
does exist in the human body.

The present invention has been applied to a commercial
color ultrasonic apparatus. The present invention removes the
unfavorable “shadow” occurring to the color blood flow
velocity image as the result of the velocity aliasing, such that
the image looks more natural, the blood flow velocity is more
reasonably distributed and the image is displayed more
smoothly.

Although the invention has been described above with
reference to specific embodiments, it is not intended that the
invention be limited to the above-mentioned embodiments.
Various modifications and alternations may be made to the
present invention without departing from the scope of the
present invention. The scope of the present invention is
defined by the appended claims. The words “first” and “sec-
ond” as used in the description and the claims of the present
invention are merely illustrative and should not be considered
restrictive in any way.
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What is claimed is:
1. A method for color blood flow frame averaging per-
formed by an ultrasonic apparatus, comprising the steps of:
acquiring an input blood flow velocity of a current frame
and an output blood flow velocity of a previous frame;

determining whether the input blood flow velocity of the
current frame is in an opposite direction to that of the
output blood flow velocity of the previous frame;

determining whether aliasing occurs to the output blood
flow velocity of the previous frame if the input blood
flow velocity of the current frame is in an opposite direc-
tion to that of the output blood flow velocity of the
previous frame; and

processing the input blood flow velocity of the current

frame and the output blood flow velocity of the previous
frame to obtain an output blood flow velocity of the
current frame if aliasing occurs to the output blood flow
velocity of the previous frame, wherein the parameters
regarding the previous frame comprise any one of or any
combination of: a blood flow velocity of the previous
frame, blood flow energy of the previous frame, a blood
flow variance of the previous frame, and an absolute
value of a difference between the output blood flow
velocity of the previous frame and the input blood flow
velocity of the current frame.

2. The method for color blood flow frame averaging of
claim 1, wherein determining whether aliasing occurs further
comprises: comparing parameters regarding the previous
frame with corresponding first threshold values, and if the
parameters regarding the previous frame are larger than the
corresponding first threshold values, determining occurrence
of aliasing to the output blood flow velocity of the previous
frame.

3. The method for color blood flow frame averaging of
claim 2, wherein determining whether aliasing occurs further
comprises comparing the blood flow energy of the previous
frame with an energy threshold value and comparing the
absolute value of the difference between the output blood
flow velocity of the previous frame and the input blood flow
velocity of the current frame with a velocity difference
threshold value; and determining occurrence of aliasing to the
output blood flow velocity of the previous frame, if the blood
flow energy of the previous frame is larger than the energy
threshold value and the absolute value of the difference
between the output blood flow velocity of the previous frame
and the input blood flow velocity of the current frameis larger
than the velocity difference threshold value.

4. The method for color blood flow frame averaging of
claim 3, wherein the energy threshold value is related to
human body part to be detected and the cut-off frequency of
a wall filter, and the velocity difference threshold value is
related to human body part to be detected, frame rate and the
blood flow velocity scale during the detection.

5. The method for color blood flow frame averaging of
claim 1, wherein processing the input blood flow velocity of
the current frame and the output blood flow velocity of the
previous frame comprises the steps of:

moving the output blood flow velocity of the previous

frame to another position; and

frame averaging the output blood flow velocity of the pre-

vious frame that has been moved and the input blood
flow velocity of the current frame to obtain the output
blood flow velocity of the current frame.
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6. The method for color blood flow frame averaging of
claim 5, wherein the another position is a no-aliasing position
that is not limited by a pulse repetition frequency.

7. The method for color blood flow frame averaging of
claim 6, wherein moving the output blood flow velocity of the
previous frame comprises determining a forward movement
or a reverse movement based on the sign of the output blood
flow velocity of the previous frame.

8. The method for color blood flow frame averaging of
claim 7, wherein the output blood flow velocity of the current
frame involved in the step of frame averaging is calculated
according to:

Vouri=sign(V, () * [a*1 V", (n=1) 1 +(1-a)* 1V, 02)l],

where, V(1) 1s the output blood flow velocity ofthe current
frame, sign(*) represents the sign of a variable in parentheses,
o 1s a frame averaging coefficient, |+ represents an absolute
value, V', (n-1) refers to the blood flow velocity of the
previous frame that has been moved, V,, (n) refers to the input
blood flow velocity of the current frame, V', (n-1)=IV , {n-
1)I-0, and O represents movement amount.

9. The method for color blood flow frame averaging of
claim 8, wherein 6 is equal to 256.

10. The method for color blood flow frame averaging of
claim 5, wherein processing the input blood flow velocity of
the current frame and the output blood flow velocity of the
previous frame further comprises the step of:

equalizing the output blood flow velocity of the current
frame to a second threshold value if the output blood
flow velocity of the current frame is larger than the
second threshold value to prevent overflow.

11. The method for color blood flow frame averaging of
claim 10, wherein the second threshold value is an allowable
maximum velocity value under a correct detection.

12. The method for color blood flow frame averaging of
claim 11, wherein the allowable maximum velocity value is
equal to 127.

13. A device for color blood flow frame averaging, com-
prising:

a velocity acquisition module for acquiring an input blood
flow velocity of a current frame and an outputblood flow
velocity of a previous frame;

a direction determination module for determining whether
the input blood flow velocity of the current frame is in an
opposite direction to that of the output blood flow veloc-
ity of the previous frame;

an aliasing determination module for determining whether
aliasing occurs to the output blood flow velocity of the
previous frame if the input blood flow velocity of the
current frame is in an opposite direction to that of the
output blood flow velocity of the previous frame; and

an aliasing processing module for processing the input
blood flow velocity of the current frame and the output
blood flow velocity of the previous frame to obtain an
output blood flow velocity of the current frame if alias-
ing occurs to the output blood flow velocity of the pre-
vious frame, wherein the aliasing processing module
further comprises:

an anti-overflow module for equalizing the output blood
flow velocity of the current frame to a threshold value if
the output blood flow velocity of the current frame is
larger than the threshold value.

14. The device for color blood flow frame averaging of

claim 13, wherein the aliasing processing module comprises:
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a velocity movement module for moving the output blood 15. The device for color blood flow frame averaging of
flow velocity of the previous frame to another position; claim 14, wherein the frame averaging module is imple-
and mented by a first-order recursive IIR filter, a first-order FIR

a frame averaging module for frame averaging the output  filter, a high-order IIR filter or a high-order FIR filter.
blood flow velocity of the previous frame that has been 5
moved and the input blood flow velocity of the current
frame to obtain the output blood flow velocity of the
current frame. % % % %
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