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unit, a Doppler signal obtaining unit, a storage unit, a
removing unit, a blood flow information obtaining unit, and
a B-mode image generating unit. The scanning executing
unit executes a first scanning that is iteratively performed by
a predetermined period so as to obtain a B-mode image of
an object and executes a second scanning that is iteratively
performed a predetermined number of times by a first period
between the first scanning so as to obtain a two-dimensional
distribution of a blood flow information and that is itera-
tively performed by a second period while inserting the first
scanning. The Doppler signal obtaining unit sequentially
obtains a Doppler signal from a reflection signal obtained by
the second scanning. The storage unit stores, for each raster
direction, a Doppler signal string at unequal time intervals
collected for the first period and the second period by the
Doppler signal obtaining unit. The removing unit obtains a
blood flow signal by reading the Doppler signal string at the
unequal time intervals from the storage unit and removes a
signal component with a small motion. The blood flow
information obtaining unit obtains the blood flow informa-
tion based on the blood flow signal. The B-mode image
generating unit generates the B-mode image based on the

A6IB 8/00 (2006.01) reflection signal obtained by the first scanning.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC DIAGNOSTIC METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and an ultrasonic diagnostic method that
two-dimensionally visualizes a blood flow with a Doppler
signal obtained by receiving and sending ultrasonic waves.
[0003] 2. Description of the Related Art

[0004] In diagnosis using an ultrasonic diagnostic appa-
ratus, a method for detecting a blood flow velocity by using
a Doppler effect of ultrasonic waves and displaying a blood
flow with colors is called a color Doppler method. In a
conventional color Doppler ultrasonic diagnostic apparatus
having a blood flow display function according to the color
Doppler method, ultrasonic waves are received and sent in
the same direction plural times. A data string of the ultra-
sonic waves received and sent in the same direction is called
a packet.

[0005] By increasing the packet size of the data string of
the ultrasonic waves, the detection sensitivity of the blood
flow can be improved. However, since a frame rate is thus
reduced, the packet size is usually 4 to 16. The increase in
packet size of the data string improves the detection sensi-
tivity of the blood flow because of the following reasons.
[0006] That is, first, the presence or absence of the blood
flow is determined by setting a threshold to a power signal
of the blood flow extracted from a received ultrasonic
Doppler signal. The received ultrasonic Doppler signal is
sent to a moving target indication (MTT) filter (wall filter) for
removing a clutter component from the organ and extracting
a blood flow signal and a power value of an output signal
from the MTI filter is added, thereby obtaining the power
signal value of the blood flow. Therefore, as the packet size
is larger and the number of power signals of the blood flow
as an addition target is larger, a signal to noise (S/N) ratio is
improved.

[0007] Secondly, the MIT filter as a type of finite impulse
response (FIR) depends on the number of pieces of input
data. As the number of pieces of the input data is larger, a
high-pass filter can be formed with a lower cut-off frequency
and sharp roll-off characteristics can be formed. Even in the
case of the MTI filter as a type of infinite impulse response
(TIR), when a data string having a finite length is used, the
MTI filter as the type of [IR can be converted into the MIT
filter as the type of FIR an FIR filter without fail. Therefore,
the MTT filter as the type of IIR is the same as that in the case
of the MTT filter as the type of FIR. That is, as the number
of pieces of the input data is larger, the blood flow at a lower
velocity can be detected from the still organ with a prefer-
able resolution.

[0008] Further, according to the color Doppler method,
such an alternate scanning technology is devised that a long
observation time is ensured with a small packet size by
inserting the sending of the ultrasonic waves to another
scanning line without continuously sending the ultrasonic
waves to the same scanning line. Furthermore, with the
alternate scanning technology, such a method is devised that
the detection sensitivity of the blood flow at the above-
mentioned low velocity is improved without reducing the
frame rate.

[0009] However, according to the method using the alter-
nate scanning technology, since the packet size is not large,
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it is not possible to increase the number of the power signals
of the blood flow added to determine the presence/absence
of the blood flow. Therefore, there is such a problem that the
above-mentioned advantage to improve the S/N ratio cannot
be obtained. In addition, there is such a problem to reduce
areturn velocity because the sending period of the ultrasonic
waves in the same direction is long.

[0010] Then, such a method is devised to improve the S/N
ratio by increasing the packet size without reducing the
frame rate and to obtain the detection sensitivity of the blood
flow at a low velocity. According to this method, the
alternate scanning is performed every frame and data on
different frames is used. Since data having an infinite length
can be used, the MTI filter as the type of IIR can be
advantageously used.

[0011] FIG. 7 is a diagram showing one example of the
scanning method using the alternate scanning with a con-
ventional ultrasonic diagnostic apparatus.

[0012] Referring to FIG. 7, the abscissa denotes time t. As
shown in FIG. 7, the scanning is alternately performed to
capture a color Doppler image (color Doppler image for
blood flow) for the period of 60/PRF where “PRF” is a pulse
repetition frequency and “60” is the number of rasters. In
this case, the frame rate is (60/PRF)™".

[0013] FIG. 8 is a diagram showing another example of
the scanning method using the alternate scanning with the
conventional ultrasonic diagnostic apparatus.

[0014] Referring to FIG. 8, the abscissa denotes time t. As
shown in FIG. 8, such a method is also devised for alter-
nately performing the scanning for the color Doppler image
and the scanning for a B-mode image (organ tomography)
under different capturing conditions. That is, while alter-
nately performing the scanning for the color Doppler image
and the scanning for the B-mode image, both the scanning
is iteratively executed for the period of (60+120)/PRF.
[0015] Since the best sending condition of the ultrasonic
waves in the scanning for the B-mode image is different
from the best sending condition of the ultrasonic waves in
the scanning for the color Doppler image, it is realistic to
differ the transmission of the ultrasonic waves for the
B-mode image from the transmission of the ultrasonic waves
for the color Doppler image as shown in FIG. 8.

[0016] Referring to FIG. 8, in the alternate scanning under
conditions that the number of rasters for the B-mode image
is “120” and the number of rasters for the color Doppler
image is “60”, if PRF is 6 kHz, a display period T of the
color Doppler image and the B-mode image is 30 ms as
shown in Equation (1).

T=(60+120)/PRF=30 (mms) M

[0017] Further, a return velocity Vmax can be calculated
with the display period T by using Equation (2).

Vinax=c/(4£,T) @

[0018] In Equation (2), “c” denotes a sound velocity and
“f,” denotes the central frequency of the ultrasonic signal
received. Equation (2) shows that the return velocity is
reduced and the velocity resolution of the blood flow is also
reduced when the display period of the image is long. In
Equation (2), if the sound velocity ¢ is 1540 m/s and the
central frequency f, of a sound wave signal is 2.5 MHz, the
display period T is 30 ms and the return velocity Vmax is
therefore 5 mm/s. If the return velocity is low as mentioned
above, there is such a danger that it is not possible to identify
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and display the moving direction of the blood flow on the
velocity display of the blood flow according to the usual
color Doppler method.

[0019] Then, such a method is proposed to reduce the
scanning period for the color Doppler image to “T” (=60/
PRF=10 ms), increase a display frame rate of the color
Doppler image by three times, and also increase the return
velocity by three times.

[0020] FIG. 9 is a diagram showing an example for
reducing the scanning period for the color Doppler image in
the alternate scanning using the conventional ultrasonic
diagnostic apparatus.

[0021] Referring to FIG. 9, by increasing the scanning
period for the B-mode image and reducing the scanning
period for the color Doppler image, it is possible to increase
the display frame rate of the color Doppler image and the
return velocity. However, during the scanning for the
B-mode image, Doppler signals for the color Doppler image
are not collected. Therefore, as shown by dotted parts in
FIG. 9, the Doppler signals for the color Doppler image are
lost.

[0022] Then, in order to set the entire data string of the
Doppler signals to be identical to the data string of the
signals sampled at the equal time intervals, such a method is
devised to obtain the lost Doppler signals by estimation from
the Doppler signals before/after the lost Doppler signals and
perform the MTI-filtering of the entire data string including
the estimated Doppler signal.

[0023] Further, as a technology for another color-Doppler
method, such a method is devised to perform the MTI-
filtering of a sampled data string of the Doppler signals at
unequal time intervals.

[0024] However, even with the conventional method for
performing the MTI filtering of the data string of the
Doppler signals at the equal time intervals obtained by the
alternate scanning and estimation, upon detecting the blood
flow at a lower velocity, the return velocity is not sufficient.
Specifically, the return velocity in the alternate scanning
using the above-mentioned estimation of the Doppler signal
is determined depending on PRF and the number of sending
scanning lines of the Doppler signals, i.e., 30 mm/s. There-
fore, the return velocity is not substantially high to display
the direction of the blood flow without the return.

SUMMARY OF THE INVENTION

[0025] The present invention has taken into consideration
the above-described problems, and it is an object of the
present invention to provide an ultrasonic diagnostic appa-
ratus and an ultrasonic diagnostic method, an S/N ratio is
improved while maintaining a frame rate, and a monitor is
made to display a blood flow as a Doppler image because the
blood flow of low speed is detected by using an increasing
return velocity.

[0026] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic apparatus to
mention it in claim 1, comprising: a scanning executing unit
configured to execute a first scanning that is iteratively
performed by a predetermined period so as to obtain a
B-mode image of an object and to execute a second scanning
that is iteratively performed a predetermined number of
times by a first period between the first scanning so as to
obtain a two-dimensional distribution of a blood flow infor-
mation and that is iteratively performed by a second period
while inserting the first scanning; a Doppler signal obtaining
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unit configured to sequentially obtain a Doppler signal from
a reflection signal obtained by the second scanning; a
storage unit configured to store, for each raster direction, a
Doppler signal string at unequal time intervals collected for
the first period and the second period by the Doppler signal
obtaining unit; a removing unit configured to obtain a blood
flow signal by reading the Doppler signal string at the
unequal time intervals from the storage unit and to remove
a signal component with a small motion; a blood flow
information obtaining unit configured to obtain the blood
flow information based on the blood flow signal; and a
B-mode image generating unit configured to generate the
B-mode image based on the reflection signal obtained by the
first scanning.

[0027] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic method to men-
tion it in claim 7, comprising steps of: executing for execut-
ing a first scanning that is iteratively performed by a
predetermined period so as to obtain a B-mode image of an
object and for executing a second scanning that is iteratively
performed a predetermined number of times by a first period
between the first scanning so as to obtain a two-dimensional
distribution of a blood flow information and that is itera-
tively performed by a second period while inserting the first
scanning; obtaining for sequentially obtaining a Doppler
signal from a reflection signal obtained by the second
scanning; storing for storing, for each raster direction, a
Doppler signal string at unequal time intervals collected for
the first period and the second period by the step of obtain-
ing; removing for obtaining a blood flow signal by reading
the Doppler signal string stored by the step of storing at the
unequal time intervals and for removing a signal component
with a small motion; obtaining for obtaining the blood flow
information from the blood flow signal; and generating for
generating the B-mode image based on the reflection signal
obtained by the first scanning.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the accompanying drawings:

[0029] FIG. 11is a block diagram showing a structure of an
ultrasonic diagnostic apparatus according to an embodiment
of the present invention;

[0030] FIG. 2 is a diagram one example of a scanning
condition set by a control circuit shown in FIG. 1;

[0031] FIG. 3 is a diagram showing one example of a data
string at one raster position, input to an MTT filter shown in
FIG. 1;

[0032] FIG. 4 is a diagram showing one example of the
data string at one raster position, input to the MTI filter
shown in FIG. 1;

[0033] FIG. 5is a diagram showing an example in which
the number of pieces of data used for calculating blood flow
information is larger than the number of pieces of the data
input to the MTI filter shown in FIG. 1;

[0034] FIG. 6 is a diagram showing the other modification
of the scanning condition set by the control circuit shown in
FIG. 1

[0035] FIG. 7 is a diagram showing one example of a
scanning method using an alternate scanning with a con-
ventional ultrasonic diagnostic apparatus;

[0036] FIG. 8 is a diagram showing another example of
the scanning method using the alternate scanning with the
conventional ultrasonic diagnostic apparatus; and
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[0037] FIG. 9 is a diagram showing an example for
reducing a scanning period for a color Doppler image in the
alternate scanning using the conventional ultrasonic diag-
nostic apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Hereinbelow, a description will be given of an
ultrasonic diagnostic apparatus and an ultrasonic diagnostic
method according to an embodiment of the present invention
with reference to the drawings.

[0039] FIG. 1is a block diagram showing the structure of
the ultrasonic diagnostic apparatus according to the embodi-
ment of the present invention.

[0040] An ultrasonic diagnostic apparatus 1 has an ultra-
sonic probe 2, a sending circuit 3, a receiving circuit 4, a
B-mode processing system 5, a color Doppler processing
system 6, a B-mode image coordinate-transforming unit 7, a
color Doppler image coordinate-transforming unit 8, an
image synthesizing circuit 9, a control circuit 10, a monitor
11, and an input unit 12.

[0041] The ultrasonic probe 2 has a plurality of piezoelec-
tric vibrators containing ceramic in parallel at the end
thereof. The piezoelectric vibrators of the ultrasonic probe 2
have a function for generating ultrasonic waves (ultra-
sounds) on the basis of a voltage pulse applied from the
sending circuit 3 and further have a function for receiving an
ultrasonic echo and converting the echo into an electrical
signal.

[0042] The sending circuit 3 comprises a pulse generator,
a sending delay circuit, and a pulsar (which are not shown),
and is connected to the ultrasonic probe 2. The pulse
generator in the sending circuit 3 has a function for itera-
tively generating a rate pulse. The rate pulses are distributed
into the number of channels and are sent to the sending delay
circuit. The sending delay circuit has a function for con-
verging the ultrasonic waves like beams and sending the
delay time necessary for determining the sending direction
to the rate pulses. Triggers from a trigger signal generator
(not shown) are supplied to the sending delay circuit as
timing signals. The pulsar applies voltage pulses to the
ultrasonic probe 2 every channel at the timing for receiving
the rate pulse from the sending delay circuit. Thus, the
ultrasonic beams can be sent to an object (patient).

[0043] The receiving circuit 4 has a function for receiving
the ultrasonic echo from the piezoelectric vibrators in the
ultrasonic probe 2, generating an 1Q signal, and sending the
generated 1Q signal to the B-mode processing system 5 and
the color Doppler processing system 6. Therefore, the
receiving circuit 4 has a preamplifier, an analog to digital
(A/D) converters and a phasing and adding circuit (which
are not shown). Further, the ultrasonic echo signals received
from the piezoelectric vibrators are amplified by the pream-
plifier and the A/D converter thereafter A/D converts the
amplified signals. Furthermore, the ultrasonic echo signals
after the A/D conversion are phased and added by the
phasing and adding circuit, thereby converting the ultrasonic
echo signal into the IQ signal. Further, the 1Q signal
obtained by the phasing and adding circuit is output as an
output of the receiving circuit 4.

[0044] The B-mode processing system 5 has an echo filter
13, a detecting circuit 14, and an LOG compressing circuit
15.
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[0045] The echo filter 13 has a function for extracting only
the 1Q signal within a proper band by executing filtering
processing of the IQ signal received from the receiving
circuit 4 and a function for sending the IQ signal after the
filtering processing to the detecting circuit 14.

[0046] The detecting circuit 14 has a function for detecting
the 1Q signal received from the echo filter 13 and obtaining
a B-mode signal every scanning line forming a B-mode
image and a function for sending the obtained B-mode
signal to the LOG compressing circuit 15.

[0047] The LOG compressing circuit 15 has a function for
performing compression processing of the B-mode signal
received from the detecting circuit 14 with logarithm con-
version and a function for sending the B-mode signal after
the compressing processing to the B-mode image coordi-
nate-transforming unit 7.

[0048] The color Doppler processing system 6 has a
corner turning buffer (CTB) 16, an MTI filter 17, an oper-
ating circuit 18, and a velocity/variance/power estimating
circuit 19.

[0049] The CTB 16 temporarily stores data strings on the
time series of the Doppler signal input from the receiving
circuit 4. The CTB 16 stores a plurality of pieces of data at
raster positions to cover the number of pieces of data input
to the MTT filter 17. The data string of the IQ signals stored
in the CTB 16 is output to the MTT filter 17 in a predeter-
mined order.

[0050] The MTI filter 17 has a function for removing the
two-dimensional distribution of blood flow information, that
is, clutter components and noise components which are
unnecessary for generating the color Doppler image from
the Doppler signals having a basic wave component and a
harmonic component and extracting the Doppler signal from
the blood flow and a function for sending the extracted
Doppler signal as a blood flow signal to the operating circuit
18. Thus, the MTT filter 17 is formed to perform the filtering
processing of the Doppler signal. In particular, when a
plurality of Doppler signals serving as an input data string
for the filtering processing are set at unequal time intervals,
the MTT filter 17 executes the filtering processing for setting
the difference between the original input data and the data
obtained by performing fitting the input data string as the
data string for outputting the blood flow signal.

[0051] The operating circuit 18 has a function for obtain-
ing intermediate data necessary for operating the velocity,
power, and variance of the blood flow from the data at equal
time intervals, serving as components of the output data
string received from the MTI filter 17 and a function for
sending the obtained intermediate data to the velocity/
variance/power estimating circuit 19.

[0052] The velocity/variance/power estimating circuit 19
has a function for calculating the velocity, power, and
variance of the blood flow on the basis of the intermediate
data received from the operating circuit 18 and a function for
sending the velocity and power of the blood flow obtained
by the calculation, as the data strings of a velocity signal and
a power signal every scanning line to the color Doppler
image coordinate-transforming unit 8.

[0053] The B-mode image coordinate-transforming unit 7
has a function for coordinate-transforming the data string of
the B-mode signals every scanning line received from the
LOG compressing circuit 15 into a data string on the
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Cartesian coordinate system and a function for sending the
B-mode signal after the coordinate-transformation to the
image synthesizing circuit 9.

[0054] The color Doppler image coordinate-transforming
unit 8 has a function for coordinate-transforming the data
strings of velocity signals and power signals of the blood
flow every scanning line received from the velocity/vari-
ance/power estimating circuit 19 into the data strings on the
Cartesian coordinate system and a function for sending the
velocity signal and power signal of the blood flow after the
coordinate-transformation to the image synthesizing circuit
9.

[0055] The image synthesizing circuit 9 has a function for
determining signals used for an image displayed on the
monitor 11 from among the B-mode signal input from the
B-mode image coordinate-transforming unit 7 and the veloc-
ity signal and power signal of the blood flow input from the
color Doppler image coordinate-transforming unit 8 and
assigning predetermined color and luminance in accordance
with the value of the determined signal so as to generate a
B-mode image from a B-mode signal value, a velocity image
from a velocity signal value, and a power image from a
power signal value and a function for synthesizing a velocity
image and/or power image to the generated B-mode image
and outputting the resultant image to the monitor 11.
[0056] The control circuit 10 has a function for controlling
the operation of the ultrasonic diagnostic apparatus 1 so as
to perform the control operation by setting the scanning
condition in accordance with information from the input unit
12 and by setting control signals to the sending circuit 3 and
the receiving circuit 4 in accordance with the set scanning
condition. Under the scanning condition set by the control
circuit 10, the scanning for the B-mode image and the
scanning for the color Doppler image are executed at
different scanning intervals, that is, different pulse repetition
periods.

[0057] In general, the number of scanning lines for the
color Doppler image is set to be smaller than the number of
scanning lines for the B-mode image. Thus, the time
required for one-time scanning for the color Doppler image
is shorter than the time required for one-time scanning for
the B-mode image. Further, in order to increase the display
frame rate and the return velocity of the color Doppler
image, the pulse repetition period for the color Doppler
image is practically set to be shorter than the pulse repetition
period for the B-mode image. Therefore, the scanning con-
dition is set to iteratively execute the scanning for the color
Doppler image plural times between the scanning for the
B-mode image.

[0058] However, theoretically, the scanning condition can
be set to alternately perform the scanning for the B-mode
image and the scanning for the color Doppler image at
arbitrary times (including one time). Herein, a description
will be given of the case of iteratively executing the scan-
ning for the B-mode image and the scanning for the color
Doppler image plural times.

[0059] Further, the scanning for the color Doppler image
includes the case of executing this scanning subsequent to
the scanning for the B-mode image and the case of executing
this scanning subsequent to the scanning for the color
Doppler image. Therefore, the scanning for the color Dop-
pler image is executed at unequal time intervals. Specifi-
cally, the scanning for the color Doppler image is iteratively
executed for two different pulse repetition periods.
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[0060] Next, a description will be given of the operation of
the ultrasonic diagnostic apparatus 1.

[0061] First, the control circuit 10 sets the scanning con-
dition on the basis of the information from the input unit 12.
[0062] FIG. 2 is a diagram one example of the scanning
condition set by the control circuit 10 shown in FIG. 1.
[0063] Referring to FIG. 2, the abscissa denotes the raster
direction and the ordinate denotes the sending timing. Fur-
ther, as shown in FIG. 2, shaded portions by using rising
diagonal lines from bottom left to top right denote the
timings of ultrasonic waves sent for the B-mode image,
black portions denote the timings of ultrasonic waves sent
for the color Doppler image, and shaded portions by using
falling diagonal lines from top left to bottom right denote the
timings of dummy ultrasonic waves sent for the color
Doppler image. The scanning condition set by the control
circuit 10 is as follows.

[0064] First, the entire region of the B-mode image is
scanned one-time. Therefore, as shown in FIG. 2, the
ultrasonic waves for the B-mode image are continuously
sent in all raster directions (scanning lines). FIG. 2 shows
one example of sending the ultrasonic waves in different
raster directions 20 times.

[0065] Next, the dummy ultrasonic waves for the color
Doppler image are sent. As shown in FIG. 2, the dummy
ultrasonic waves are sent one-time.

[0066] Subsequently. the scanning for the color Doppler
image is performed throughout the entire region. Therefore,
as shown in FIG. 2, the ultrasonic waves for the color
Doppler image are sequentially sent in all raster directions
(scanning lines). Further, the ultrasonic waves for the color
Doppler image are sent again in all raster directions. The
above-mentioned transmission of the ultrasonic waves for
the color Doppler image in all raster directions is executed
for a period T1 iteratively arbitrary time. FIG. 2 shows the
example for executing, iteratively three times, the 16-time
transmission of the ultrasonic waves for the color Doppler
image for the period T1.

[0067] Incidentally, the above-mentioned dummy ultra-
sonic waves are set to prevent the emphasis of the ultrasonic
echo caused by the scanning for the B-mode image in the
MTI filter, upon shifting the scanning for the B-mode image
to the scanning for the color Doppler image.

[0068] The above-mentioned scanning for the B-mode
image and scanning for the color Doppler image plural times
are iteratively executed. Therefore, the repetition period of
the scanning for the B-mode image, that is, a display frame
rate TB for the B-mode image has a value depending on the
number of scanning times for the color Doppler mode and
the number of scanning lines for the B-mode image. Further,
an repetition period T2 of the scanning for the color Doppler
image performed by inserting and performing the scanning
for the B-mode image is set to be longer than the repetition
period T1 of the scanning for the color Doppler image
executed continuously to the scanning for the color Doppler
image by the time necessary for the scanning for the B-mode
image and the transmission of the dummy ultrasonic waves.
[0069] In particular, by setting the repetition periods T1
and T2 of the scanning for the color Doppler mode to be
shorter than the repetition period of the scanning for the
B-mode image, an updating frame rate of the color Doppler
mode image can be higher than a display frame rate TB
(frame rate for updating the image) for the B-mode image.
That 1s, for the purpose of observing the prompt inverse
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flood, the frame rate for updating the color Doppler mode
image that requires being faster than the frame rate for
updating the B-mode image, the frame rate for updating the
color Doppler mode image can be set to be higher.

[0070] In order to execute the scanning under the above-
set scanning condition, the control circuit 10 sends control
signals to the sending circuit 3, the receiving circuit 4, and
another necessary device, thereby controlling the operation
of the ultrasonic diagnostic apparatus 1. Therefore, the
sending circuit 3 sends a rate pulse to the delay time
necessary for iteratively generating the rate pulses and
converging ultrasonic beams in the directions of the scan-
ning lines. The rate pulse is sent to the pulsar in the sending
circuit 3. Further, at the timing for receiving the rate pulse,
voltage pulses are applied to the piezoelectric vibrators in
the ultrasonic probe 2 from the pulsar. Thus, the ultrasonic
waves for the B-mode image and the ultrasonic waves or the
color Doppler image are intermittently sent from the ultra-
sonic probe 2 every scanning line under the scanning
condition.

[0071] Then, in the object, the ultrasonic echo is generated
and is received by the piezoelectric vibrators in the ultra-
sonic probe 2. In the piezoelectric vibrators, the ultrasonic
echo is converted into an electrical signal and is sent to the
receiving circuit 4 as the ultrasonic echo signal. The receiv-
ing circuit 4 amplifies, A/D converts, and phases and adds
the ultrasonic echo signal, and the ultrasonic echo signal is
converted into the IQ signal. Further, the 1Q signals are
output from the receiving circuit 4 to the B-mode processing
system 5 and the color Doppler processing system 6.

[0072] In the B-mode processing system 5, the echo filter
13 extracts the 1Q signal within the proper band through the
filtering processing of the 1Q signal. The IQ signal after the
filtering processing is sent and detected by the detecting
circuit 14, and the B-mode signal is obtained. The B-mode
signal is sent to the LOG compressing circuit 15, and the
B-mode signal is subjected to compressing processing with
logarithm conversion. The B-mode signal after the com-
pressing processing is sent to the B-mode image coordinate-
transforming unit 7.

[0073] The B-mode image coordinate-transforming unit 7
coordinate-transforms the data string of the B-mode signal
every scanning line into the data string on the Cartesian
coordinate system, and the B-mode signal after the coordi-
nate transformation is sent to the image synthesizing circuit
9

[0074] On the other hand, the color Doppler processing
system 6 sequentially stores the Doppler signal obtained as
the IQ signal to the CTB 16 from the receiving circuit 4. The
CTB 16 stores the data at the raster positions covering the
number of input data necessary for the MT1 filter 17. Herein,
the number of the repetition periods of the scanning for the
color Doppler image is two of T1 and T2. Thus, when the
CTB 16 stores the number of pieces of the data over the
number of times of the scanning for the color Doppler image
continuously executed, the data is stored in the CTB 16 at
unequal time intervals. For example, under the scanning
condition shown in FIG. 2, the scanning for the color
Doppler image is continuously executed four times. There-
fore, upon storing at least 5 pieces of the data at the raster
position in the CTB 16, the data is at the unequal time
intervals.
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[0075] The number of pieces of the input data to the MTI
filter 17 is practically over the number of times of the
scanning for the color Doppler image continuously
executed. Therefore, the CTB 16 stores the data string of the
Doppler signals at the unequal time intervals at the raster
positions necessary for covering the number of pieces of the
input data to MTT filter 17. Thus, the CTB 16 can store the
data with an infinite length as the maximum level, and the
data with the infinite length as the maximum level can be
used as the input data to MTT filter 17.

[0076] When the predetermined number of pieces of the
data is stored in the CTB 16, the data string comprising the
determined number of pieces of the data is input to the MTI
filter 17.

[0077] FIG. 3 is a diagram showing one example of the
data string at one raster position, input to the MTI filter 17
shown in FIG. 1.

[0078] Referring to FIG. 3, the abscissa denotes the
receiving and sending timing of the ultrasonic waves and the
black portion denotes the ultrasonic waves to be sent. In the
scanning obtained by inserting the scanning for the B-mode
image between the plural-time scanning for the color Dop-
pler image as shown in FIG. 2, the receiving and sending
timings for the ultrasonic waves for the color Doppler image
are not at equal time intervals. The data string for the color
Doppler image input to the MTI filter 17 is not the data string
obtained by the equal-time-interval sampling.

[0079] Further, in the scanning shown in FIG. 2, after
sampling four pieces of data for the repetition period T1, the
next data is sampled for the repetition period T2 as shown
in FIG. 3. Further, the data is sampled for the above-
mentioned different repetition periods T1 and T2.

[0080] The above-mentioned data strings at the unequal
time intervals are stored in the CIB 16. However, an
arbitrary number of pieces of the data string can be input to
the MTT filter 17. For example, upon setting 12 pieces of the
data string as the input data to the MTT filter 17, the data
string within a range shown by a solid arrow in FIG. 3
corresponds to the one-time input data to the MTI filter 17.
In this case, the time difference between the adjacent data of
the data string input to the MTI filter 17 is [T1, T1, T1, T2,
T1, T1, T1, T2, T1, T1, T1].

[0081] Further, in the MTI filter 17, the above-mentioned
input data at the unequal time intervals is subjected to MTI
filter processing shown in Equation (3).

y=Wx 3

[0082] In Equation (3), “y” denotes an output string vector
of the MTI filter 17, “x” denotes an input data string vector
of the MTI filter 17, and “W” denotes a filter matrix of the
MTI filter 17. Further, it is assumed that the data strings
(Doppler signals) at unequal time intervals serving as the
input data string vector are subjected to polynomial approxi-
mation and a result of subtracting the signal after the
polynomial approximation from the original signal before
the polynomial approximation corresponds to the output
string vector indicating the blood flow signal. The filter
matrix W of the MTT filter 17 can be obtained by Equation
(4-1) and Equation (4-2) with a matrix “A”.
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[0083] Herein, let “I” be the unit matrix, let “™ be the

“—

transposed matrix, and let “7'”, be the inverse matrix.
Further, Equation (4-1) and Equation (4-2) are expresses in
the case of approximating (fitting) an input data string vector
with the method of least squares using a quadratic polyno-
mial. That is, the matrix A is defined as Equation (4-1) and
the filter matrix W of the MTI filter 17 then can be calculated
by Equation (4-2).

[0084] The output string vector of the blood flow signal
obtained by performing the filtering processing with the
filter matrix W is sent to the operating circuit 18.

[0085] Herein, an output string vector y of the MTT filter
17 is expressed as Equation (5-1). In this case, the operating
circuit 18 performs calculation of Equation (5-2).

y=[y1, y2, y3, ¥4, ¥5, 6, y7, ¥8, ¥9, y10, y11, y12]” 5-1)

1 . . 5-2
aC:MZy‘-yM (1=1,2.3,567910,11 M=9) O

[0086] That is, the operating circuit 18 obtains intermedi-
ate data ac necessary for calculating the velocity, power, and
variance of the blood flow with Equation (5-2) by using only
M pieces of data having an adjacent time difference T1
among elements of the output string vector y of the MTI
filter 17. Although all the data having the adjacent time
different T1 is used for calculation of the intermediate data
ac in Equation (5-2), a part of the data may be used to
calculate the intermediate data ac. Since the data at the end
can have a large error, the calculation precision of the
intermediate data ac can be improved by using only central
data for the calculation of the intermediate data ac with
Equation (5-2) where i=5, 6, and 7.

[0087] Subsequently, the operating circuit 18 sends the
obtained intermediate data ac to the velocity/variance/power
estimating circuit 19. Then, the velocity/variance/power
estimating circuit 19 individually calculates, on the basis of
the intermediate data ac, a velocity V of the blood flow,
power P of the blood flow, and variance Var of the blood
flow with Equation (6-1), Equation (6-2), and Equation
(6-3).
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V=q tan 2(imag(ac),real{ac)) (6-1)
! -2
P:NZy,?‘y; (i=1~12 N=12) 62
Var=1- €3

P
[0088] The velocity of the blood flow obtained with Equa-

tion (6-1) is a normalized velocity having a value ranging
from -n to +m. The actual return velocity has a value
obtained by substituting the receiving and sending period T1
of the ultrasonic waves for the color Doppler image for the
display period T in Equation (2). That is, although there are
two receiving and sending periods T1 and T2 of the ultra-
sonic waves for the color Doppler image, only the data on
a pulse pair for the period T1 is used in Equation (5-2) for
obtaining the intermediate data ac necessary for calculating
the velocity, power, and variance of the blood flow. Accord-
ingly, the return velocity of the blood flow can be deter-
mined by the receiving and sending period T1.

[0089] FIG. 3 shows, with dotted arrows, a relationship
between the receiving and sending timing of the ultrasonic
waves for obtaining the data used for the calculation and the
velocity V, power P, and variance Var of the blood flow
which are sequentially calculated by the velocity/variance/
power estimating circuit 19. That is, the velocity V, power P,
and variance Var of the blood flow are obtained from data
within ranges shown by solid arrows, serving as one set of
the input data string to the MTI filter 17. Therefore, with the
scanning shown in FIG. 2, it is possible to output blood flow
information including the velocity V, power P, and variance
Var of the blood flow for the same period as the display
frame period of the B-mode image.

[0090] The velocity/variance/power estimating circuit 19
sends, to the color Doppler image coordinate-transforming
unit 8, the velocity and power of the blood flow obtained by
the calculation as data strings of the velocity signal and
power signal every scanning line. The color Doppler image
coordinate-transforming unit 8 coordinate-transforms the
data strings of the velocity signal and power signal of the
blood flow every scanning line, received from the velocity/
variance/power estimating circuit 19, into the data strings on
the Cartesian coordinate system, and sends the transformed
data strings to the image synthesizing circuit 9.

[0091] The image synthesizing circuit 9 determines the
signal used for the image displayed on the monitor 11 from
among the B-mode signal and the velocity signal and power
signal of the blood flow input from the B-mode image
coordinate-transforming unit 7 and the color Doppler image
coordinate-transforming unit 8, and assigns predetermined
color and luminance in accordance with the value of the
determined signal, thereby respectively generating the
B-mode image, velocity image, and power image from the
B-mode signal value, velocity signal value, and power signal
value. Subsequently, the image synthesizing circuit 9 syn-
thesizes the velocity image and/or power image to the
generated B-mode image, thereby generating one synthesis
image. Further, the image synthesizing circuit 9 sends the
generated synthesis image to the monitor 11. Accordingly,
the monitor 11 displays the synthesis image obtained by
superimposing the velocity image and/or power image to the
B-mode image.
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[0092] That is, the above-mentioned ultrasonic diagnostic
apparatus 1 improves the performance of the MTI filter 17
and the S/N ratio by performing the scanning for the color
Doppler image while inserting the scanning for the B-mode
image between the scanning for the color Doppler image and
by using the data for the color Doppler image through the
frames, when differing the sending condition of the ultra-
sonic waves for the B-mode image from the sending con-
dition of the ultrasonic waves for the color Doppler image.
Further, although the data strings for the color Doppler
image are collected while inserting and performing the
scanning for the B-mode image and are not therefore at
equal time intervals, the MTT filter 17 using the approxima-
tion including a polynomial fitting processing for the data
through the frames is employed.

[0093] Therefore, the ultrasonic diagnostic apparatus 1
enables the use of the Doppler data with the infinite length
at the maximum level as the input data string of the MTI
filter 17 without reducing the display frame rate. Therefore,
the signal component with small motion from the organ is
suppressed, thereby detecting the blood flow at the low
velocity from the still organ with a preferable resolution. In
addition, since it is possible to increase the number of pieces
of the data used for estimating the blood flow information
including the velocity, variance, and power of the blood flow
to the infinite length at the maximum level, the S/N ratio can
be improved. Moreover, only the data collected for the short
period T1 is used for estimating the blood flow information,
the reduction in return velocity can be suppressed.

[0094] For the conventional ultrasonic diagnostic appara-
tus, similarly, such a scanning condition is devised to
perform the scanning for the color Doppler image plural
times by inserting the scanning for the B-mode image
between the scanning for the color Doppler image. However,
in the case of the conventional ultrasonic diagnostic appa-
ratus, it is assumed that the data obtained by the scanning for
the color Doppler image is at equal time intervals and the
data lost by the scanning for the B-mode image is estimated.
Therefore, the conventional ultrasonic diagnostic apparatus
has constraints that the scanning time of the data for the
B-mode image needs to be integral times of the scanning
time for the color Doppler image.

[0095] On the other hand, the ultrasonic diagnostic appa-
ratus 1 shown in FIG. 1 does not use the data estimation and
the estimation processing is not thus required and the
amount of processing can be reduced. Further, since the data
strings at unequal time intervals are used as the input data
strings of the MTT filter 17, the scanning time of the data for
the B-mode image does not have constrains.

[0096] Furthermore, with the conventional ultrasonic
diagnostic apparatus, the number of pieces of the data in the
packet ranges 4 to 16, this data is sampled at equal time
intervals, and the sampled data is subjected to the filtering
processing of the MTI filter in the packet, thereby finally
obtaining the blood flow information on one set of the
velocity, power, and variance per packet.

[0097] On the other hand, the ultrasonic diagnostic appa-
ratus 1 shown in FIG. 1 does not use the concept of the
packet and can use the data with the infinite length at the
maximum level as the input data string of the MTI filter 17.
[0098] Next, a description will be given of modifications
of the input data string to the MTI filter 17.
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[0099] FIG. 4 is a diagram showing another example of
the data string at one raster position, input to the MTI filter
17 shown in FIG. 1.

[0100] Referring to FIG. 4, the abscissa denotes the
receiving and sending timing of the ultrasonic waves and the
black portions denote the sent ultrasonic waves. As shown in
FIG. 4, the data string input to the MTI filter 17 can be
arbitrarily set. The number of pieces of the input data string
shown in FIG. 4 is the same as the number of pieces of the
input data string shown in FIG. 3 and the data string shown
in FIG. 4 however has an input period different from that of
the data string input to the MTI filter 17. That is, the data
string shown in FIG. 3 is input to the MTI filter 17 every
collection of four pieces of the data. However, the data string
shown in FIG. 4 is input to the MT1 filter 17 every collection
of one piece of the data.

[0101] By inputting the data string for the period shown in
FIG. 4 to the MTI filter 17, four data strings A, B, C, and D
are input to the MTT filter 17 during displaying the B-mode
image corresponding to one frame. Therefore, the blood
flow information corresponding to four frames can be out-
put.

[0102] FIGS. 3 and 4 show an example in which 12 data
strings is subjected to the filtering processing of the MTI
filter 17 and the blood flow information such as the velocity,
power, and variance of the blood flow is calculated from the
output data string of the MTT filter 17. Further, it is possible
to infinitely increase the number of pieces of the data
subjected to the filtering processing of the MT1 filter 17 and
the number of pieces of the data used for calculating the
blood flow information.

[0103] Incidentally, the number of pieces of the data input
to the MT1 filter 17 has a constraint of the size of the filter
matrix W and therefore needs to be within the executing
range of hardware or software. However, the number of
pieces of the data input to the MTT filter 17 may not be the
same as the number of pieces of the data used for calculating
the blood flow information. Thus, the blood flow informa-
tion may be calculated by using the number of pieces of the
data larger than the number of pieces of the data input to the
MTT filter 17.

[0104] FIG. 5is a diagram showing an example in which
the number of pieces of the data used for calculating the
blood flow information is larger than the number of pieces
of the data input to the MTI filter 17 shown in FIG. 1.
[0105] Referring to FIG. 5, the abscissa denotes the
receiving and sending timing of the ultrasonic waves and the
black portion denotes the ultrasonic waves to be sent. In the
example shown in FIG. 5, the number of pieces of the data
input to the MTT filter 17 is 12 and the data string thus has
12 pieces of the data serving as the data string output to the
MTI filter 17. Further, 24 pieces of the data output from the
MTI filter 17 is used for calculating the blood flow infor-
mation. That is, by using both an output data string D1
comprising 12 pieces of the data of the MT1 filter 17 and an
output data string D2 comprising 12 pieces of the data partly
including the common data to the data string D1 of the MTI
filter 17, it is possible to estimate the blood flow information
such as the velocity, power, and variance of the blood flow
from the data string comprising 24 pieces of the data.
[0106] As mentioned above, the number of pieces of the
data used for estimating the blood flow information has no
constraints. Further, the blood flow information can be
estimated by operating the data having an infinite length
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with an TIR filter for performing weighted addition as shown
in Equations (7-1), (7-2), and (7-3).

ac2(n)y=(1-P)ac(m)+p-ac2(n-1) (7-1)
V2(m)=a tan 2(imag(ac2(n)),real(ac2(n))) (7-2)
P2m)=(1-P)P(m)+p-P2(n-1) (7-3)
[0107] Let “ac(n)” be the value of the n-th intermediate

data ac obtained by Equation (5-2) and let “P(n)” be the n-th
power of the blood flow obtained by Equation (6-2). Further,
intermediate data ac2(x) and power P2(x) of the blood flow
serving as indexes of the blood flow information can be
obtained from the past intermediate data ac2(r-1) and power
P2(n-1) of the blood flow by the weighted addition of the
intermediate data ac and the power P(n) of the blood flow
with a weighted coefficient §§ as shown in Equations (7-1)
and (7-3). Furthermore, a velocity V2() of the blood flow
can be obtained from the intermediate data ac2(n) as shown
by Equation (7-2).

[0108] The weighted addition processing of the velocity
information on the blood flow can lose pulsating information
of the blood flow. However, the power information of the
blood flow has a threshold, and the resultant information is
used only for determining whether or not there is the blood
flow and is not used for actually drawing the color Doppler
image in many cases. Therefore, the data having an infinite
length is used for the power information of the blood flow
with Equation (7-3), thereby improving the S/N ratio.
[0109] Next, a description will be given of another modi-
fication of the scanning condition set by the control circuit
10.

[0110] FIG. 6 is a diagram showing the other modification
of the scanning condition set by the control circuit 10 shown
in FIG. 1.

[0111] Referring to FIG. 6, the abscissa denotes the raster
direction and the ordinate denotes the sending timing. Fur-
ther, as shown in FIG. 6, shaded portions by using rising
diagonal lines from bottom left to top right denote the
timings of ultrasonic waves sent for the B-mode image,
black portions denote the timings of ultrasonic waves sent
for the color Doppler image, and shaded portions by using
falling diagonal lines from top left to bottom right denote the
timings of dummy ultrasonic waves sent for the color
Doppler image.

[0112] As shown in FIG. 6, the scanning condition can be
set so that the range of the scanning for the color Doppler
image continuously executed between the scanning for the
B-mode image is set as a part of the rasters and the entire
region is scanned by plural-divided scanning obtained by
shifting the raster positions. In the example shown in FIG.
6, the continuous scanning range for the color Doppler
image is divided into raster blocks having two different
rasters. During the scanning for the B-mode image, the
scanning for the color Doppler image in eight raster direc-
tions belonging to the first raster block is performed four
times by individual time shift of the sending timing T1. After
that, the scanning for the color Doppler image in the
remaining eight raster directions belonging to the second
raster block is performed four times by individual time shift
of the sending timing T1. Furthet, in the case of changing the
raster block and performing the scanning for the color
Doppler image, the dummy ultrasonic waves are first sent.
[0113] As shown in FIG. 6, such a scanning condition is
set that the ultrasonic waves are not continuously sent in all
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raster directions in the scanning for the color Doppler image
but the ultrasonic waves are continuously sent in a part of
raster directions plural times and the ultrasonic waves are
thereafter continuously sent in a part of the remaining raster
directions plural times. Accordingly, the scanning period T1
for the color Doppler image performed between the scan-
ning for the B-mode image can be reduced. In the example
shown in FIG. 6, the scanning period T1 for the color
Doppler image performed between the scanning for the
B-mode image is half of the period T1 shown in FIG. 2. In
stead of this, the period T2 of the scanning for the color
Doppler image performed by inserting and performing the
scanning for the B-mode image is set to be longer than the
period T2 shown in FIG. 2.

[0114] Even upon obtaining the data for the color Doppler
image as a result of the scanning for a plurality of divided
raster blocks shown in FIG. 6, the data is subjected to the
filtering processing of the MTI filter 17 with Equations (3),
4-1), (4-2), (5-1), (5-2), (6-1), (6-2), and (6-3). Thereafter,
it is possible to estimate the blood flow information includ-
ing the velocity V and power P of the blood flow. On the
other hand, the return velocity is determined depending on
the period T1 without depending on the period T2. There-
fore, the period T1 is reduced, thereby increasing the return
velocity. That is, the return velocity under the scanning
condition shown in FIG. 6 is improved to be double of the
return velocity under the scanning condition shown in FIG.
2.

[0115] According to the ultrasonic diagnostic apparatus 1
and the ultrasonic diagnostic method according to the
embodiment, the S/N ratio is improved while maintaining
the frame rate, and the monitor 11 can be made to display the
blood flow as the Doppler image because the blood flow of
low speed is detected by using the increasing return velocity.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a scanning executing unit configured to execute a first
scanning that is iteratively performed by a predeter-
mined period so as to obtain a B-mode image of an
object and to execute a second scanning that is itera-
tively performed a predetermined number of times by
a first period between the first scanning so as to obtain
a two-dimensional distribution of a blood flow infor-
mation and that is iteratively performed by a second
period while inserting the first scanning;

a Doppler signal obtaining unit configured to sequentially
obtain a Doppler signal from a reflection signal
obtained by the second scanning;

a storage unit configured to store, for each raster direction,
a Doppler signal string at unequal time intervals col-
lected for the first period and the second period by the
Doppler signal obtaining unit;

a removing unit configured to obtain a blood flow signal
by reading the Doppler signal string at the unequal time
intervals from the storage unit and to remove a signal
component with a small motion;

a blood flow information obtaining unit configured to
obtain the blood flow information based on the blood
flow signal; and

a B-mode image generating unit configured to generate
the B-mode image based on the reflection signal
obtained by the first scanning.

2. An ultrasonic diagnostic apparatus according to claim

1, wherein the scanning executing unit obtains the two-
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dimensional distribution of the blood flow information for
one frame successively by transmitting an ultrasonic wave
while changing a raster in the second scanning sequentially.
3. An ultrasonic diagnostic apparatus according to claim
1, wherein after the scanning executing unit iteratively
executes the second scanning that irradiates an ultrasonic
wave while changing some raster sequentially, and executes
the second scanning that irradiates the ultrasonic wave while
changing another raster to iteratively perform the predeter-
mined number of times successively by the first period.
4. An ultrasonic diagnostic apparatus according to claim
1, wherein the removing unit removes the signal component
with the small motion by giving a polynomial fitting pro-
cessing for the Doppler signal string at unequal time intet-
vals.
5. An ultrasonic diagnostic apparatus according to claim
1, further comprising an operating unit configured to operate
intermediate data for obtaining a power of the blood flow
and the two-dimensional distribution of the blood flow
information based on the blood flow signal, and a filtering
unit configured to give a filtering processing for the power
of the blood flow and the intermediate data operated by the
operating unit by using data till an infinite length at the
maximum level.
6. An ultrasonic diagnostic apparatus according to claim
1, wherein the scanning executing unit executes the second
scanning for the first period and the second period that are
shouter than the predetermined period for executing the first
scanning that is set so that a frame rate for updating an image
of the two-dimensional distribution of the blood flow infor-
mation becomes faster than a frame rate for updating the
B-mode image.
7. An ultrasonic diagnostic method comprising steps of:
executing for executing a first scanning that is iteratively
performed by a predetermined period so as to obtain a
B-mode image of an object and for executing a second
scanning that is iteratively performed a predetermined
number of times by a first period between the first
scanning so as to obtain a two-dimensional distribution
of a blood flow information and that is iteratively
performed by a second period while inserting the first
scanning;
obtaining for sequentially obtaining a Doppler signal from
a reflection signal obtained by the second scanning;
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storing for storing, for each raster direction, a Doppler
signal string at unequal time intervals collected for the
first period and the second period by the step of
obtaining;

removing for obtaining a blood flow signal by reading the

Doppler signal string stored by the step of storing at the
unequal time intervals and for removing a signal com-
ponent with a small motion;

obtaining for obtaining the blood flow information from

the blood flow signal; and

generating for generating the B-mode image based on the

reflection signal obtained by the first scanning.

8. An ultrasonic diagnostic method according to claim 7,
wherein the step of executing obtains the two-dimensional
distribution of the blood flow information for one frame
successively by transmitting an ultrasonic wave while
changing a raster in the second scanning sequentially.

9. An ultrasonic diagnostic method according to claim 7,
wherein after the step of executing iteratively executes the
second scanning that irradiates an ultrasonic wave while
changing some raster sequentially, and executes the second
scanning that irradiates the ultrasonic wave while changing
another raster to iteratively perform the predetermined num-
ber of times successively by the first period.

10. An ultrasonic diagnostic method according to claim 7,
wherein the step of removing removes the signal component
with the small motion by giving a polynomial fitting pro-
cessing for the Doppler signal string at unequal time inter-
vals.

11. An ultrasonic diagnostic method according to claim 7,
further comprising a step of operating for operating inter-
mediate data for obtaining a power of the blood flow and the
two-dimensional distribution of the blood flow information
based on the blood flow signal. and a step of filtering for
giving a filtering processing for the power of the blood flow
and the intermediate data operated by the step of operating
by using data till an infinite length at the maximum level.

12. An ultrasonic diagnostic method according to claim 7,
wherein the step of executing executes the second scanning
for the first period and the second period that are shouter
than the predetermined period for executing the first scan-
ning that is set so that a frame rate for updating an image of
the two-dimensional distribution of the blood flow informa-
tion becomes faster than a frame rate for updating the
B-mode image.
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