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1
ULTRASOUND DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Patent
Application No. 2010-159470 filed Jul. 14, 2010, which is
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

The embodiments described herein relate to an ultrasonic
diagnostic apparatus for displaying a blood flow image.

For blood flow images, a B-flow image, a color Doppler
image, and a power Doppler image are listed for example.
Those blood flow images are generated based on echo signals
obtained from multiple transmitting/receiving of ultrasonic
waves on the same acoustic ray.

For example, brightness of moving objects is displayed
higher in the B-flow image so that a high bright image
momentarily may be displayed if a subject moves while the
ultrasonic waves transmit/receive or an ultrasonic probe
moves. Also, in the B-flow image close to a heart, as tissues
around the heart move, there may be frames in that such parts
are shown with high brightness along beating of the heart.
Such images are difficult to be seen when frames have
momentary high brightness in the blood flow image. Further,
itis also difficult to be seen in the color Doppler image and the
power Doppler if there are frames momentarily showing high
blood speed and high blood flow power.

BRIEF DESCRIPTION OF THE INVENTION

A first aspect provides an ultrasonic diagnosis apparatus
including: a frame data generation device for generating a
frame data of a blood flow image based on echo signals
obtained by multiple times of transmitting/receiving of an
ultrasonic wave on the same acoustic ray; a processed frame
data generation device for generating a processed frame data
using a current data with the exception of an error data that is
higher brightness, faster blood speed, or higher blood flow
power than a standard data within pixel data corresponding
each other in the plurality of frame data at different time
phases; and an image display control device for displaying a
blood flow image based on the processed framed data.

A second aspect is the ultrasonic diagnosis apparatus of the
first aspect, wherein the processed frame data generation
device determines a maximum brightness data or a predeter-
mined number of data in descending order of brightness as an
estimated error data, and selects the standard data from a data
with the exception of the estimated error data.

A third aspect is the ultrasonic diagnosis apparatus of the
second aspect, wherein the error data has a higher brightness
with apredetermined brightness data than the standard data in
the estimated error data.

A fourth aspect is the ultrasonic diagnosis apparatus of the
first aspect, wherein the processed frame data generation
device determines a maximum blood speed data or a prede-
termined number of data in descending order of blood flow as
an estimated error data, and selects the standard data from a
data with the exception of the estimated error data.

A fifth aspect is the ultrasonic diagnosis apparatus of the
fourth aspect, wherein the error data has a faster velocity data
with a predetermined velocity than the standard data in the
estimated error data.

A sixth aspect is the ultrasonic diagnosis apparatus of the
first aspect, wherein the processed frame data generation
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2

device determines a maximum blood flow power data or a
predetermined number of data in descending order of blood
flow power as an estimated error data, and selects the standard
data from a data with the exception of the estimated error data.

A seventh aspect is the ultrasonic diagnosis apparatus of
the sixth aspect, wherein the error data is a data that is higher
blood flow power with a predetermined blood flow power
than the standard data in the estimated error data.

An eighth aspect provides the ultrasonic diagnosis appara-
tus including: a frame data generation device for generating a
frame data of a blood flow image based on echo signals
obtained by a plurality of transmitting/receiving of an ultra-
sonic wave on the same acoustic ray; a processed frame data
generation device for generating a processed frame data
based on the frame data; and an image display control device
for displaying a blood flow image based on the processed
framed data, wherein the processed frame data generation
device determines a maximum brightness data or a predeter-
mined number of data in descending order of brightness as an
estimated error data of pixel data corresponding each other in
the plurality of frame data at different time phases; uses a data
of a current frame as the data for the processed frame data
when the estimated error data is not a data of the current
frame; and generates the processed frame data using the data
of the current frame with the exception of an error data that is
brighter than the standard data of the estimate error data when
the estimated error data is the data of the current frame.

A ninth aspect is the ultrasonic diagnosis apparatus of the
eighth aspect, wherein the error data has a higher brightness
with apredetermined brightness data than the standard data in
the estimated error data.

A tenth aspect provides the ultrasonic diagnosis apparatus
of the second aspect, including: a frame data generation
device for generating a frame data of a blood flow based on
echo signals obtained by a plurality of transmitting/receiving
of an ultrasonic wave on the same acoustic ray; a processed
frame data generation device for generating a processed
frame data based on the frame data; and an image display
control device for displaying a blood flow image based on the
processed framed data, wherein the processed frame data
generation device determines a maximum blood speed data or
a predetermined number of data in descending order of blood
speed as an estimated error data of pixel data corresponding
each other in the plurality of frame data at different time
phases; uses a data of a current frame as the data for the
processed frame data when the estimated error data is not a
data of the current frame; and generates the processed frame
data using the data of the current frame with the exception of
an error data that is higher blood speed than the standard data
of the estimate error data when the estimated error data is the
data of the current frame.

An eleventh aspect is the ultrasonic diagnosis apparatus of
the tenth aspect, wherein the error data has a faster velocity
data with a predetermined velocity than the standard data in
the estimated error data.

A twelfth aspect provides the ultrasonic diagnosis appara-
tus including: a frame data generation device for generating a
frame data of a blood flow based on echo signals obtained by
a plurality of transmitting/receiving of an ultrasonic wave on
the same acoustic ray; a processed frame data generation
device for generating a processed frame data based on the
frame data; and an image display control device for display-
ing a blood flow image based on the processed framed data,
wherein the processed frame data generation device deter-
mines a maximum blood flow power data or a predetermined
number of data in descending order of blood flow power as an
estimated error data of pixel data corresponding each other in
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the plurality of frame data at different time phases; uses a data
of a current frame as the data for the processed frame data
when the estimated error data is not a data of the current
frame; and generates the processed frame data using the data
of the current frame with the exception of an error data that is
higher blood speed than the standard data of the estimate error
data when the estimated error data is the data of the current
frame.

A thirteenth aspect is the ultrasonic diagnosis apparatus of
the twelfth aspect, wherein the error data has a data that is
higher blood flow power with a predetermined blood flow
power than the standard data in the estimated error data.

A fourteenth aspect is the ultrasonic diagnosis apparatus of
any of the eighth to the thirteenth aspect, wherein the pro-
cessed frame data generation device selects the standard data
from data with the exception of the estimated error data of
pixel data corresponding each other in the plurality of frame
data.

A fifteenth aspect is the ultrasonic diagnosis apparatus of
the second to the fourteenth aspect, further including an esti-
mated error data number input device for inputting the num-
ber that is the estimated error data.

A sixteenth aspect provides an ultrasonic diagnosis appa-
ratus including: a frame data generation device for generating
a frame data of ablood flow based on echo signals obtained by
a plurality of transmitting/receiving of an ultrasonic wave on
the same acoustic ray; a processed frame data generation
device for generating a processed frame data using a data
whose brightness, blood speed or blood flow power are a
median of pixel data corresponding each other in the plurality
of frame data at different time phases; and an image display
control device for displaying a blood flow image based on the
processed framed data.

A seventeenth aspect is the ultrasonic diagnosis apparatus
of any of the first to the sixteenth aspect, wherein the plurality
of frame data at different time phases are frame data from a
current data to a data of a predetermined number of frames
back from the current data.

An eighteenth aspect is the ultrasonic diagnosis apparatus
of any of the first to the seventeenth aspect, further including
a frame number input device for inputting number of frame
data that is an object of generating the processed frame data.

A nineteenth aspect is the ultrasonic diagnosis apparatus of
any of the first to the eighteenth aspect, wherein the frame
data is a raw data before scan-converted by a scan converter.

A twentieth aspect is the ultrasonic diagnosis apparatus of
any of'the first, second, third, eighth, or ninth aspects, wherein
the blood flow image is a B-flow image.

A twenty-first aspect is the ultrasonic diagnosis apparatus
of any of the first, fourth, fifth, sixth, seventh, tenth, eleventh,
twelfth, or thirteenth aspects, wherein the blood flow image is
a color Doppler image.

A twenty-second aspect is the ultrasonic diagnosis appa-
ratus of any of the first, sixth, seventh, twelfth, or thirteenth
aspects, wherein the blood flow image is a power Doppler
image.

According to the above-mentioned aspects, by displaying
the blood flow image based on the processed frame data with
the exception of the error data of pixel data corresponding
each other in the plurality of frame data, display of images
momentarily showing high brightness, fast blood speed, or
high blood flow power can be prevented. Further, the pro-
cessed B-flow frame data includes the current data with the
exception of the error data so that the blood flow image
without losing the condition of blood flow can be displayed.

According to the above-mentioned aspects, when the esti-
mated error data is not the data of the current frame of pixel
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data corresponding each other in the plurality of frame data,
the data of the current frame is used for the data of the
processed frame data, while when the estimated error data is
the data of the current frame, the data of the current frame
with the exception of the error data is used for the data of the
processed frame data. As a result, the blood flow image based
on the processed frame data with the exception of the error
datais displayed so that it can prevent images from displaying
momentary high brightness, fast blood speed, or high blood
flow power. Further, the processed B-flow frame data
includes the current data with the exception of the error data
so that the B-flow image without losing the condition of blood
flow can be displayed.

Moreover, according to the above-mentioned aspects, dis-
play of images momentarily showing high brightness can be
prevented by displaying the blood flow image based on the
processed frame data using the data that the brightness, the
blood speed, or the blood flow power is the median.

Further objects and advantages of the embodiments
described herein will be apparent from the following descrip-
tion of embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing one example of sche-
matic configuration of the first embodiment of the ultrasonic
diagnostic apparatus.

FIG. 2 is a block diagram showing the configuration of the
display control device in the ultrasonic diagnostic apparatus
shown in FIG. 1.

FIG. 3 is a flow chart showing the process for generating
the processed B-flow frame data.

FIG. 4 is an explanation figure of generating the processed
B-flow frame data based on the B-flow frame data.

FIG. 5 is a figure for explaining the process of generating
the processed B-flow frame data based on the B-flow frame
data, which is an example of brightness of pixel data corre-
sponding each other in the B-flow frame data for the three
frames.

FIG. 6 is a figure for explaining the process of generating
the processed B-flow frame data based on the B-flow frame
data, which is another example of brightness of pixel data
corresponding each other in the B-flow frame data for the
three frames.

FIG. 7 is a figure for explaining the process of generating
the processed B-flow frame data based on the B-flow frame
data, which is another example of brightness of pixel data
corresponding each other in the B-flow frame data for the
three frames.

FIG. 8 is a figure for explaining the generation of the
processed B-flow frame data based on the B-flow frame data
in the second variation embodiment of the first embodiment.

FIG. 9 is a flow chart showing the process for generating
the processed B-flow frame data in the second variation
embodiment of the first embodiment.

FIG. 10 is a figure for explaining the process of generating
the processed B-flow frame data based on the B-flow frame
data, which an example of brightness of pixel data corre-
sponding each other in the B-flow frame data for the four
frames in the second variation embodiment of the first
embodiment.

FIG. 11 is a figure for explaining the process of generating
the processed B-flow frame data based on the B-flow frame
data, which another example of brightness of pixel data cor-
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responding each other in the B-flow frame data for the four
frames in the second variation embodiment of the first
embodiment.

FIG. 12 is a figure for explaining the process of generating
the processed B-flow frame data based on the B-flow frame
data, which another example of brightness of pixel data cor-
responding each other in the B-flow frame data for the four
frames in the second variation embodiment of the first
embodiment.

FIG. 13 is a flow chart showing the process for generating
the processed B-flow frame data in the second embodiment.

FIG. 14 is a figure for explaining the process of generating
the processed B-flow frame data based on the B-flow frame
data, which is an example of brightness of pixel data corre-
sponding each other in the B-flow frame data for the three
frames in the second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention are explained below refer-
ring to FIG. 1 through FIG. 7. An ultrasonic diagnostic appa-
ratus 1 includes an ultrasonic probe 2, transmitting/receiving
device 3, a B-mode processing device 4, a B-flow processing
device 5, a display control device 6, a display device 7, an
operation device 8, a control device 9, and HDD (Hard Disc
Drive) 10.

The ultrasonic probe 2 has a plurality of ultrasonic trans-
ducers placed as an array (not shown) and the ultrasonic
transducers transmit ultrasonic waves to a subject and receive
reflected echo signals.

The transmitting/receiving device 3 drives the ultrasonic
probe 2 under a predetermined transmitting condition to scan
the scanning surface with an ultrasonic beam in the order of
acoustic rays. The transmitting/receiving device 3 drives the
ultrasonic probe 2 by a control signal from the control device
9. The transmitting/receiving device 3 drives the ultrasonic
probe 2 to execute multiple transmitting and receiving of
ultrasonic waves on the same acoustic ray.

The transmitting/receiving device 3 executes a signal pro-
cessing, such as phasing addition, on the echo signal received
by the ultrasonic probe 2, and outputs the signal-processed
echo data to the B-mode processing device 4 and the B-flow
processing device 5.

The B-mode processing device 4 generates a B-mode data
by a predetermined process, such as a logarithmic compres-
sion process or an envelope detection process, on the data
output from the transmitting/receiving device 3. The B-mode
data is a data corresponding to the brightness of respective
pixels. The B-mode data for one frame is referred as a B-mode
frame data BFD. The B-mode frame data BFD includes a
B-mode data of each acoustic ray for one frame. The B-mode
frame data BFD output from the B-mode processing device is
input to the display control device 6.

The B-flow processing device 5 performs the B-flow pro-
cessing on the echo signal obtained from multiple transmit-
ting/receiving of ultrasonic waves on the same acoustic ray
and generates the B-flow data. The B-flow data is a data
corresponding to the brightness of respective pixels. The
B-flow data for one frame is referred as a B-flow frame data
ffd. Thus, the B-flow processing device 5 performs generation
of the B-flow frame data ffd (B-flow frame data generation
function). The B-flow frame data ffd includes the B-flow data
of each acoustic ray for one frame. The B-flow frame data {fd
output from the B-flow processing device 5 is input to the
display control device 6. The B-flow frame processing device
5is one example of embodiments of the frame data generation
device. The B-flow image displayed based on the B-flow data
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is one example of embodiments of the image of the blood
flow, and the B-flow frame data {fd is one example of embodi-
ments of the frame data of an image of the blood flow.

The display control device 6 includes, as shown in FIG. 2,
a memory 61, a B-mode data generation device 62, a pro-
cessed B-flow frame data generation device 63, a B-flow
image data generation device 64, and an image display con-
trol device 65. The memory 61 includes a semiconductor
memory, such as RAM (Random Access Memory) or ROM
(Read Only Memory). The B-mode frame data BFD or the
B-flow frame data ffd are stored in the memory 61, for
example. The B-mode frame data BFD and the B-flow frame
data ffd can be stored in the HDD 10.

The B-mode image data generation device 61 generates a
B-mode image data by scan-converting the B-mode frame
data BFD with a scan converter.

The processed B-flow frame data generation device 63
generates a processed B-flow frame data FFD using the cur-
rent data with the exception of an error data that is higher
brightness than a standard data from pixel data corresponding
each other in the plurality of B-flow frame data ffd at different
time phases (processed B-flow frame data generating func-
tion). The detail will be explained later. The processed B-flow
frame data generation device 63 is one example of embodi-
ments of the processed frame data generation device. Also,
the processed B-flow frame data FFD is one example of
embodiments of the processed frame data.

The B-flow image data generation device 64 generates a
B-flow image data by scan-converting the processed B-mode
frame data FFD with a scan converter.

The image display control device 65 adds the B-mode
image data and the B-flow image data and displays an ultra-
sonic image combined of a B-mode image and a B-flow
image (image display function). That is, in this embodiment,
ablood flow image that is the B-flow image is displayed at the
display 7 after it is combined with the B-mode image. The
image display control device 65 is one example of embodi-
ments of the image display control device.

The display device 7 includes LCD (Liquid Crystal Dis-
play) or CRT (Cathode Ray Tube), for example. The opera-
tion device 8 includes a keyboard or a pointing device (not
shown) for an operator to input commands or information.
With the operation device 8, the operatorinputs the number of
frame data or of estimated error data that is the object of
generation of the processed B-flow frame data FFD as
explained later. The operation device 8 is one example of
embodiments of the frame number inputting device or esti-
mated error data number inputting device.

The control device 9 includes CPU (Central Processing
Unit). The control device 9 reads out a control program stored
in the HDD10 and executes functions including the B-flow
frame data generating function, the processed B-flow frame
data generating function, and the image display function at
respective devices of the ultrasonic diagnosis apparatus.

The operation of the ultrasonic diagnosis apparatus 1 in
this embodiment is explained. The B-mode processing device
4 generates a B-mode frame data BFD and the B-flow pro-
cessing device 5 generates a B-flow frame data ffd based on
the echo signal obtained by transmitting/receiving of the
ultrasonic waves through the ultrasonic probe 2. Then, the
B-mode frame data BFD and the B-flow frame data ffd are
stored in the memory 61.

The B-mode image data generation device 62 generates a
B-mode image data based on the B-mode frame data BFD.
Meanwhile, the processed B-flow frame data generation
device 63 generates a processed B-flow frame data FFD based
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on the B-flow frame data ffd. The generation of the processed
B-flow frame data FFD is explained in detail based on a flow
chart in FIG. 3.

As shownin FIG. 4, a B-flow frame data ffdn is obtained for
the time phase of frame Fn and the ultrasonic image for the
frame Fn is displayed. Steps S1 through S5 in FIG. 3 are
performed on the B-flow frame data ffdn, ffd (n-1), ffd (n-2)
of three frames that are the current frame Fn and two frames
F (n-1) and F (n-2) back from the current frame Fn to gen-
erate the processed B-flow frame data FFDn.

Note that the number of frames that is the object of the
process of the steps S1 through S5 and of the generation of the
process B-flow frame data FFD is not limited to the three
frames as explained above. And moreover, the number of
frames can be set to an arbitrary number by an operator at the
operation device 8.

The steps S1 through S5 are explained in reference to FIG.
3. The steps S1 through S5 are processes to one pixel, so the
steps S1 through S5 are performed on each pixel to generate
the processed B-flow frame data FFDn for one frame.

First in step S1, the processed B-flow frame data genera-
tion device 63 identifies a data having a maximum brightness
(herein after, it is referred as “maximum brightness data™) of
the pixel data corresponding each other in the B-flow frame
data ffdn, ffd (n-1), ffd (n-2) and defines the data as an
estimated error data. In this embodiment, the number of esti-
mated error data is “1”, but a plurality of data can be defined
as estimated error data in descending order of brightness as
explained in a second variation embodiment. Also, the num-
ber of estimated error data can be modified by inputting
through the operation device 8.

Next in step S2, the processed B-flow frame data genera-
tion device 63 determines whether or not the maximum
brightness data is a data of the B-flow frame data of the
current frame. Here, the current time phase is the frame Fn
and the frame Fn is the current frame so that the processed
B-flow frame data generation device 63 determines whether
the maximum brightness data is a data of the B-flow frame
data ffdn or not.

In the step S2, when the maximum brightness data is not
determined as a data ofthe B-flow frame data ffdn (NO in step
S2), it goes on to step S3. Meanwhile, when the maximum
brightness data is determined as a data of the B-flow frame
data ffdn (YES in step S2), it goes on to step S4.

For example in FIG. 5 through F1G. 7, a data dn is a data of
one pixel in the B-flow frame data ffdn of the frame Fn, a data
d(n-1)is adataofone pixel in the B-flow frame data ffd (n-1)
of the frame F (n-1), and a data d(n-2) is a data of one pixel
in the B-flow frame data ffdd (n-2) of the frame F (n-2). In
FIG. 5, the data d (n-1) is the maximum brightness data and
the data dnis the maximum brightness data in FIG. 6 and FIG.
7. Therefore, it goes on to step S3 in the case shown in F1G. 5
and it goes on to step S4 in the case shown in FIG. 6 and FIG.
7.

In the step S3, the processed B-flow frame data generation
device 63 determines the data of the frame Fn as the processed
B-flow frame data FFDn. That is, the data dn is a data of the
processed B-flow frame data FFDn. Meanwhile in the step
S4, the processed B-flow frame data generation device 63
determines whether or not the data dn is a brighter data than
the standard data with the predetermined brightness. The
predetermined degree of brightness can be set by an operator
through the operation device 8 and can be stored in the HDD
10 or the memory 61 in advance.

Here, the standard data is explained. The standard data is a
data of the current frame with the exception of the maximum
brightness data that is an estimated error data of the data dn,
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d(n-1), d(n-2) in the B-flow frame data ffdn, ffd (n-1), ffd
(n-2). That is, the data d (n-1) of the frame f (n-1) is the
standard data in this embodiment. Thus in the step S4, the
processed B-flow frame data generation device 63 determines
whether or not the data dn is brighter than the data d (n-1)
with the predetermined brightness. In particular, the pro-
cessed B-flow frame data generation device 63 determines
whether or not the difference of brightness D between the data
dn and the data d (n-1) is more than or equal to the predeter-
mined threshold value DTH. The data dn that is determined
that the difference of the data dn and the data d (n-1) is more
than or equal to the threshold value DTH is referred as an
“error data”. That is, the error data is a data that is brighter
than the standard data with the predetermined brightness.

In the step S4, when the difference of the data dn and the
data d (n-1) is less than the threshold value DTH (NO in the
step S4), it goes on to step S3. Meanwhile, the difference of
the data dn and the data d (n-1) is more than or equal to the
threshold value DTH (YES in the step S4), it goes on to step
S5. Inthe step S5, the data d (n-1) that is the current data from
data with the exception of the data dn that is the maximum
brightness data determined as the error data is a data of the
processed B-flow frame data FFDn.

InFIG. 6, the difference of brightness D1 of the data dn and
the data d (n-1) is less than the threshold value DTH so that
it goes on to the process of step S3. In step S3, the data dn is
the data of the processed B-flow frame data FFDn.

InFIG. 7, the difference of brightness D2 of the data dn and
the data d (n-2) is more than or equal to the threshold value
DTH so that it goes on to the process of step S5. In step S5, the
data d (n-1) is the data of the processed B-flow frame data
FFDn.

The process B-flow frame data generation device 63 per-
forms processes in steps S1 through S5 about the data of
respective pixels and generates the processed B-flow frame
data FFDn. In the processes of steps S1 through S5, when the
data dn that is the current data is not an estimated error data
(maximum brightness data), the data dn of the current frame
is used as a data for the processed frame data FFDn so that
current data with the exception of the error data is used.
Meanwhile, even when the data dn is an estimated error data,
the data of the current frame with the exception of the error
data that is higher brightness than the standard data in the
estimated error data (data dn in FIG. 6 and data d (n-1)) is
used for a data for the processed frame data FFDn so that the
current data with the exception of the error data is used
similarly. Thus, the processed B-flow frame data generated by
processing the steps S1 through S5 uses the current data with
the exception of the error data.

When the processed B-flow frame data FFDn is generated,
the B-flow image data generation device 64 generates the
B-flow image data based on the processed B-flow frame data
FFDn. After the B-flow image data is generated, the image
display control device 65 combines the B-flow image data
and the B-mode image data, and displays the ultrasonic image
G.

For generating of the processed B-flow frame data FFD
(n+1) of the frame F (n+1) next of the frame Fn, steps S1
through S5 in FIG. 3 are performed on the B-flow frame data
ffdn (n+1), ffdn, ffd (n-1) of three frames that are the frame
Fn (n+1) and two frames Fn and F (n-1) back from the frame
Fn (n+1). Also for generating of the processed B-flow frame
data FFD (n+2) of the frame F (n+2) next of the frame Fn
(n+1), steps S1 through S5 in FIG. 3 are performed on the
B-flow frame data ffd (n+2), ffd (n+1), ffdn of three frames
that are the frame Fn (n+2) and two frames Fn (n+1) and Fn
back from the frame Fn (n+2).
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According to the above-mentioned ultrasonic diagnostic
apparatus 1 of this embodiment, the B-flow image generated
based on the processed B-flow frame data FFD with the
exception of the error data is displayed so that it prevents
images from displaying momentary high brightness on one or
two frames, and easy viewable images can be displayed.
Further, the processed B-flow frame data FFD includes the
current data with exception of the error data so that the B-flow
image clearly showing the blood flow can be displayed.

A variation of the first embodiment is explained. First of
all, the first variation embodiment is explained. The standard
data can be the central data of the corresponding pixel data in
a plurality of B-flow frame data ffd as object for generating
the processed B-flow frame data FFD. For example, in FIG. 6
the central data is the data d (n-1), and in the step S4, the data
dn is determined whether or not it is a brighter data with a
predetermined brightness than the data d (n-1) that is the
standard data. In FIG. 7, the central data is the data d (n-2),
and in the step S4, the data dn is determined whether or not it
is a brighter data with a predetermined brightness than the
data d (n-2) that is the standard data.

Next the second variation embodiment is explained. In the
second variation embodiment, the number of frames that is an
object for generating the processed B-flow frame data FFD is
four frames. For example, as shown in FIG. 8, a case for
displaying ultrasonic images for time phase of the frame Fn is
explained based on the flow chart in FIG. 9. In steps S11
through S15 shown in FIG. 9, generating of the processed
B-flow frame data FFDn is performed based on the B-flow
frame data ffdn, ffd (n-1), {ffd (n-2), {ffd (n-3) of the frame Fn,
F (n-1), F (n-2), F (n-3).

First in step S11, the processed B-flow frame data genera-
tion device 63 determines the maximum brightness data and
the second highest brightness data from the pixel data corre-
sponding to each other in the B-flow frame data ffdn, ffd
(n-1), ffd (n-2), ffd (n-3) and they are considered as esti-
mated error data. In this second variation embodiment, the
maximum brightness data is referred as a first brightness data
and the second highest brightness data is referred as a second
brightness data. Thus, the first brightness data and the second
brightness data are the estimated error data.

Next in step S12, the processed B-flow frame data genera-
tion device 63 determines whether or not either the first
brightness data or the second brightness data is a data of the
B-flow frame data of the current frame. The frame Fn is the
current frame here, and the processed B-flow frame data
generation device 63 determines whether or not either the first
brightness data or the second brightness data is a data of the
B-flow frame data ffdn.

In the step S12, when either the first brightness data or the
second brightness data is not determined as the B-flow frame
data ffdn (NO in step S12), it goes on to next step S13.
Meanwhile, in step S12, when either the first brightness data
or the second brightness data is determined as the B-flow
frame data ffdn (YES in step S12), it goes on to next step S14.

As shown in FIG. 10, for example, when the data d (n-2) is
the first brightness data and the data d (n-1) is the second
brightness data, it goes on to step S13. On the other hand, as
shown in FIG. 11, when the data d (n—1) is the first brightness
data and the data dn is the second brightness data, and when
the data dn is the first brightness data and the data d (n-1) is
the second brightness data as shown in FIG. 12, it goes on to
step S14.

Inthestep S13, the processed B-flow frame data generation
device 63 defines the data of the frame Fn as the processed
B-flow frame data FFDn like the process of the step S3. That
is, the data dn is the processed B-flow frame data FFDn.
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Meanwhile, in the step S14, the processed B-flow frame data
generation device 63 determines whether or not the data dn is
brighter than the standard data with the determined bright-
ness.

The standard data is explained here. The standard data is
the current frame data in the data with the exception of the first
and second brightness data that is the estimated error data of
the data dn, d (n-1), d(n-2), d(n-3). Thus, in FIG. 11, the
standard datais the data d (n-2) and is datad (n-2)in F1IG.12.
Therefore, in the example shown in FIG. 11, the processed
B-flow frame data generation device 63 determines whether
or notthe difference D3 of brightness between the data dn and
the data d (n=2) is more than the predetermined threshold
value DTH so as to determine whether the brightness of the
data dn is brighter with the predetermined brightness than the
standard data or not. In the example shown in FIG. 12, in the
step S14, the processed B-flow frame data generation device
63 determines whether or not the difference D4 of brightness
between the data dn and the data d (n-2) is more than the
predetermined threshold value DTH so as to determine
whether the data dn is brighter with the predetermined bright-
ness than the standard data or not.

In the step S14, when the data dn is determined to not be
brighter with the predetermined brightness than the standard
data (NO in step S14), it goes on to step S13. Meanwhile, in
the step S14, when the data dn is determined to be brighter
with the predetermined brightness than the standard data
(YES in step S14), it goes on to step S15. In the step S15 the
current data with the exception of the first and second bright-
ness data is the processed B-flow frame data FFDn.

InFIG. 11, the difference D3 of the brightness between the
data dn and the data d (n-2) is less than the threshold value
DTH. Thus, it goes on to step S13 and the datadn is as the data
of the processed B-flow frame data FFDn.

InFIG. 12, the difference D4 of the brightness between the
data dn and the data d (n-2) is more than or equal to the
threshold value DTH and the data dn is the error data. Thus, it
goes on to step S15 and the data d (n-2) that is the current data
with the exception of the first and second brightness data is
the data of the processed B-flow frame data FFD.

Also in the second variation embodiment, the processed
B-flow frame data generation device 63 performs the pro-
cesses of the steps S11 through S15 for the data of respective
pixels and generates the processed B-flow frame data FFDn.
In the steps S11 through S15, when the data dn that is the data
of the current frame is not the estimated error data (the first
and second brightness data), the data dn of the current frame
is used as the data for the processed B-flow frame data FFDn
so that the current data with the exception of the error data is
used. Meanwhile, when the data dn is the estimated error data,
the data of the current frame with the exception of the esti-
mated error frame (data dn in FIG. 11 and data d (n-1) in FIG.
12) is used for the processed B-flow frame data FFDn so that
the current data with the exception of the error data is used.
Thus, the processed B-flow frame data FFDn generated by
processing the step S11 through S15 is also the data using the
current data with the exception of the error data.

Even if the number of high brightness frames increases,
when the number of estimated error data is one, there is a high
possibility that the determination whether data is the error
data or not is performed based on the high brightness data as
the standard data. Thus, there is a possibility that a data that is
not supposed to be used as the error data may be used for the
processed B-flow frame data FFD. However, in the second
variation embodiment, the firstand second brightness data are
used as the estimated error data and data for two frames are
exempt for the standard data. The determination whether a
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data is the error data or not is performed based on such
standard data so that even the number of high brightness
frames increases, the data that is not to be used of the error
data being used for the processed B-flow frame data FFD can
be eliminated. Therefore, display of images momentarily
showing high brightness can be prevented more efficiently.

From the above-mentioned explanation, when images
momentarily showing high brightness are displayed, the
operator controls the number of the estimated error data and
prevents images from displaying momentary high brightness.

In the step S15 of the second variation embodiment, when
the data dn is the error data as shown in FIG. 12, the data d
(n-1) that is the second brightness data can be determined
whether ornot the data is the error data that is brighter with the
predetermined brightness than the data d (n-2) that is the
standard data. When the data d (n-1) is the error data, the data
d (n-2) that is the current data with the exception of'the error
data is the processed B-flow frame data FFDn. Meanwhile,
when the data d (n-1) is not the error data, the data d (n-1) is
used as the processed B-flow frame data FFDn. According to
that, the processed B-flow frame data FFD using the current
frame data with the exception of the error data can be gener-
ated.

Next, the third variation embodiment is explained. The
blood flow image is not limited to the B-flow image, and a
color Doppler image or a power Doppler image can be
applied. When the blood flow image is a color Doppler image,
in order to prevent images displaying momentary high blood
speed or high power in the color Doppler image, in a plurality
of Doppler frame data at different time phases, a processed
Doppler frame data using the current data with the exception
of the error data that has a faster blood speed or ahigher power
than the standard data from pixel data corresponding to each
other is generated. Then, a color Doppler image based on the
processed Doppler frame data is displayed. Note that the
Doppler frame data and the processed Doppler frame data
include data of blood speed and/or blood flow power genet-
ated by the echo signal that is Doppler-processed. When the
blood flow image is the color Doppler image as described
above, the estimated error data and the error data are deter-
mined by using the blood flow or the blood flow power instead
of the brightness as a standard, and the processed Doppler
frame data is generated as described above. That is, for the
above-mentioned estimated error data, the maximum blood
speed data or a plurality of data in descending order of blood
speed is used instead of the maximum brightness data or a
plurality of data in descending order of brightness, then the
error data as described above is determined and the processed
Doppler frame data is generated. Or, as the estimated data, the
maximum blood flow power data or a plurality of data in
descending order of blood flow power is used instead of the
maximum brightness data or a plurality of data in descending
order of brightness, then the error data as described above is
determined and the processed Doppler frame data is gener-
ated.

When the blood flow image is a power Doppler image, in
order to prevent images from displaying momentary high
power in the power Doppler image, in a plurality of Doppler
frame data at different time phases, a processed Doppler
frame data using the current data with the exception of the
error data thathas a higher blood flow power than the standard
data from pixel data corresponding to each other is generated.
In this case, the estimated error data and the error data are
determined based on criteria of the blood flow power instead
of the brightness, and the processed Doppler frame data is
generated like above.
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Second Embodiment

Next, a second embodiment is explained. Only configura-
tion and operation different from the first embodiment are
explained below.

In this embodiment, the processed B-flow frame data gen-
eration device 63 generates the processed B-flow frame data
FFD for each frame using data that the brightness is the
central data of the pixel data corresponding each other in a
plurality of B-flow frame data ffd at different time phases.

For the generation of the processed B-flow frame data FFD
in the present embodiment is explained based on the flow
chart in FIG. 13. Here, B-flow frame data ffdn, ffd (n-1), ffd
(n-2) of the frame Fn, F (n-1), F (n-2) are objects for pro-
cessing of steps S21 and S22 in FIG. 13, and display on the
frame Fn is explained.

First in step S21, the processed B-flow frame data genera-
tion device 63 determines the data have abrightness that is the
median of the pixel data corresponding to each other in the
B-flow frame data {fdn, ffd (n-1), ffd (n-2). For example, as
shown in FIG. 14, when the brightness is descended in order
for the data dn, d (n-1), d (n-2), the processed B-flow frame
data generation device 63 determines the data d (n-1) as the
data that the brightness is the median.

Next in step S22, the processed B-flow frame data genera-
tion device 63 determines the data d (n-1) as the processed
B-flow frame data FFDn for the frame Fn. Then, the pro-
cessed B-flow frame data generation device 63 performs the
steps S21 and S22 for data of respective pixels and generates
the processed B-flow frame data FFDn.

According to the present embodiment, the B-flow image
generated based on the processed B-flow frame data using the
data having the brightness that is the median is displayed.
Thus, like the first embodiment, it prevents images from
displaying momentary high brightness, and an easily viewed
image can be displayed.

Next, a variation embodiment of the second embodiment is
explained. In this embodiment, the blood flow image can be a
color Doppler image or a power Doppler image. When the
blood flow image is a color Doppler image, in a plurality of
Doppler frame data at different time phases, the median is
determined based on the blood speed or the blood flow power
instead of the brightness to generate the processed Doppler
frame data. Then the color Doppler image based on the pro-
cessed Doppler frame data is displayed. When the blood flow
image is a power Doppler image, in a plurality of Doppler
frame data at different time phases, the median is determined
based on the blood flow power instead of the brightness to
generate the processed Doppler frame data. Then the power
Doppler image based on the processed Doppler frame data is
displayed.

Many widely different embodiments of the invention may
be configured without departing from the spirit and the scope
of the present invention. It should be understood that the
present invention is not limited to the specific embodiments
described in the specification, except as defined in the
appended claims.

The invention claimed is:

1. An ultrasonic diagnosis apparatus comprising:

a frame data generation device configured to generate
frame data of a blood flow image based on echo signals
obtained by transmissions and receptions of ultrasonic
waves on a same acoustic ray;

a processed frame data generation device configured to
generate processed frame data for pixel data associated
with the frame data, the processed frame data generated
using current data excluding error data having a higher
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brightness, a faster blood speed, or a higher blood flow
power than a brightness, a blood speed, or a blood flow
power of standard data within pixel data corresponding
to each other in at least three consecutive frame data at
different time phases, wherein the standard data is a
maximum brightness data of the frame data subtracted
from the current data; and

an image display control device configured to display a
blood flow image based on the processed framed data.

2. The ultrasonic diagnosis apparatus of claim 1, wherein
the processed frame data generation device is configured to
determine a maximum brightness data or a predetermined
number of data in descending order of brightness as an esti-
mated error data, and to select the standard data from a data
excluding the estimated error data.

3. The ultrasonic diagnosis apparatus of claim 2, wherein
the error data including a higher brightness data with a pre-
determined brightness that is higher than the brightness of the
standard data in the estimated error data.

4. An ultrasonic diagnosis apparatus comprising:

a frame data generation device configured to generate
frame data of a blood flow image based on echo signals
obtained by transmissions and receptions of ultrasonic
waves on a same acoustic ray;

a processed frame data generation device configured to
generate processed frame data based on the frame data;
and
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an image display control device configured to display a
blood flow image based on the processed framed data,
wherein the processed frame data generation device is
configured to:

determine a maximum brightness data or a predeter-
mined number of data in descending order of bright-
ness as estimated error data of pixel data correspond-
ing to each other in at least three consecutive frame
data at different time phases;

use a data of a current frame as the processed frame data
when the estimated error data is not the data of the
current frame; and

generate the processed frame data using the data of the
current frame excluding error data that is brighter than
a brightness of a standard data of the estimated error
data when the estimated error data is the data of the
current frame, wherein the standard data is the maxi-
mum brightness data of the frame data subtracted
from the data of the current frame.

5. The ultrasonic diagnosis apparatus of claim 4, wherein
the error data includes a higher brightness data with a prede-
termined brightness that is higher than the brightness of the
standard data in the estimated error data.
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