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In one embodiment, a scanning unit repeatedly scans an inter-
nal region of an object with an ultrasonic wave at a predeter-
mined frame rate via an ultrasonic probe. An image genera-
tion unit extracts a blood flow signal based on a Doppler effect
from a reflection signal and repeatedly generates a blood flow
image representing a spatial distribution associated with
power of the blood flow signal at the frame rate. A power
average value associated with a frame or local region is cal-
culated for the blood flow image. The blood flow image is
corrected. In the correcting, a gain on the power values in the
frame or local region in which the power average value
exceeds the threshold are substantially reduced, and power
values in the frame or local region in which the power average
value is not more than the threshold are maintained.
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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2010-
129409, filed Jun. 4, 2010; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus.

BACKGROUND

[0003] A color Doppler method in ultrasonic diagnosis is
configured to transmit an ultrasonic wave to a living body in
the same direction a plurality of number of times. This
method extracts blood flow information such as the velocities,
variances, and powers of blood flows from a plurality of
echoes using the Doppler effect. Echo data strings, of the data
obtained by plural emissions of ultrasonic waves in the same
direction, which are associated with the same point (the same
depth point on the same ultrasonic raster) are called packets.
The packet sizeis set to about 5 to 16, that is, packets are made
uniform by emitting ultrasonic waves 5 to 16 times in the
same direction. A blood flow signal is extracted from a packet
by applying to it a wall filter for suppressing signals from the
tissue, i.e., clutter signals, thereby displaying blood flow
information such as a velocity, variance, and power. For this
reason, the following problem arises.

[0004] A packet is closed within an ultrasonic scan frame.
Therefore, as the packet size increases, the framer rate
decreases. An IIR filter is often used as a wall filter. With a
small packet size, however, a transient response occurs in the
IIR filter, resulting in a deterioration in the characteristics of
the IIR filter.

[0005] Studies have therefore been made on a method of
handling signals at the same position between frames as a
packet instead of handling a packet as a closed packed in a
frame. In this method, since a pulse repetition frequency
(PRF) is equal to a frame rate, the aliasing velocity becomes
low to allow even low flow rate observation. However, the
method makes it easy for clutter signals from the tissue to pass
through a wall filter, and hence motion artifacts tend to occur.
When, in particular, the operator moves the probe gripped by
his/her hand, an entire window is displayed with clutter noise.
This problem arises not only in the above scanning method
but also in general color Doppler scanning operation when the
aliasing velocity is low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1is ablock diagram showing the arrangement
of'an ultrasonic diagnostic apparatus according to an embodi-
ment;

[0007] FIG. 2 is a block diagram showing the arrangement
of a color Doppler processing unit in FIG. 1;

[0008] FIG. 3 is a graph for explaining correction coeffi-
cients used by a power correction unit in FIG. 2;

[0009] FIG. 4 is a view for explaining the processing per-
formed by a wall filter in FIG. 2;

[0010] FIG. 5 is a view showing another scanning proce-
dure executed by a transmission circuit and reception circuit
in FIG. 1;
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[0011] FIG. 6 is a view showing interpolation processing
for a blood flow image by an average power calculation unit
in FIG. 1;

[0012] FIG. 7 isaview showing the effect of power correc-
tion in this embodiment without any motion artifacts; and
[0013] FIG. 8isa view showing the effect of power correc-
tion in this embodiment with motion artifacts.

DETAILED DESCRIPTION

[0014] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus comprises an ultrasonic probe, a
scanning unit configured to repeatedly scan an internal region
of'an object with an ultrasonic wave at a predetermined frame
rate via the probe, and an image generation unit configured to
extract a blood flow signal based on a Doppler effect from a
reflection signal obtained by the scan and repeatedly generate
a blood flow image representing a spatial distribution associ-
ated with power of the blood flow signal at the frame rate. In
this embodiment, a power average value associated with a
frame or local region is calculated for the blood flow image.
The blood flow image is corrected by processing of substan-
tially reducing a gain on the power values in the frame or local
region in which the power average value exceeds the thresh-
old, and maintaining power values in the frame or local region
in which the power average value is not more than the thresh-
old. With this correction, when there is no motion artifact, the
power of a blood flow is displayed. When motion artifacts
occur, the gain reduction processing functions to allow obser-
vation of a tissue structure.

[0015] More specifically, this embodiment logarithmically
compresses the power of a Doppler signal (blood flow signal)
after passing through a wall filter, and calculates a power
average value for an entire frame or each local area of the
obtained blood flow image. If this power average value
exceeds a given threshold, a value corresponding to the dif-
ference between the power average value and the threshold is
subtracted from the power value of each pixel. If the power
average value is equal to or less than the threshold, the power
value of each pixel after logarithmic compression is main-
tained without the execution of the above subtraction for the
power value of each pixel after the logarithmic compression.
This processing is called power correction.

[0016] If many low-frequency components (mainly clutter
components) other than blood flow components remain in a
Doppler signal (blood flow signal) after passing through the
wall filter, the remaining components fill an image display
window with white, which corresponds the maximum display
gray level in grayscale display of powers (the left image in
FIG. 8). With the above processing in this embodiment, that
is, the subtraction processing after logarithmic compression,
which is equivalent to the processing of reducing the gain on
alinear axis, the remaining components are shaded and can be
visually recognized as a tissue image (the right image in FIG.
8). That is, as shown in FIG. 7, the power of a blood flow is
displayed without any motion artifacts regardless of whether
power correction is executed, whereas when motion artifacts
occur, a tissue image can be seen.

[0017] As described above, in this embodiment, the power
of'a blood flow is displayed without any motion artifacts, but
a tissue image is seen when motion artifacts occur. This
makes it possible to continue scanning, even when the opera-
tor moves the probe, while visually checking a tissue image,
unlike the prior art in which when the operator moves the
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probe, he/she cannot continue scanning because a window
becomes totally white due to motion artifacts.

[0018] FIG. 1 shows the arrangement of an ultrasonic diag-
nostic apparatus according to this embodiment. A control unit
1 serves as the main control unit of the overall apparatus and
is in charge of scanning control, in particular. An ultrasonic
probe 3 includes a plurality of piezoelectric elements as elec-
tromechanical transducers. In order to electronically perform
three-dimensional scanning, for example, the plurality piezo-
electric elements are arranged two-dimensionally. Electronic
three-dimensional scanning is a scheme in which the direc-
tivity of an ultrasonic beam is changed by changing delay
control in a planar direction almost perpendicular to a scan
surface as well as in an azimuth direction, thereby scanning a
three-dimensional region in an object thoroughly with ultra-
sonic waves. Note that in this case, the operation of scanning
an internal region of an object thoroughly is defined as a unit
of'scanning. A scan to be performed is not limited to a sequen-
tial scan to sequentially move ultrasonic scanning lines in
accordance with the array of ultrasonic scanning lines, and
may be a discrete scan to discretely move ultrasonic scanning
lines irrelevantly to the array of ultrasonic scanning lines.
[0019] A transmission circuit 2 and a reception circuit 4 are
connected to the probe 3. The transmission circuit 2 includes
a pulse generator, a transmission delay circuit, and a pulser.
The pulse generator generates rate pulses at a rate frequency
of, for example, 6 kHz. These rate pulses are distributed
according to the number of channels and sent to the transmis-
sion delay circuit. The transmission delay circuit gives each
rate pulse a delay time necessary to focus an ultrasonic wave
into a beam and determine transmission directivity. The
pulser applies a voltage pulse to the probe 3 at the timing
when a rate pulse is received from the transmission delay
circuit. This causes the probe 3 to transmit an ultrasonic pulse
into the object. The probe 3 receives the waves reflected by a
discontinuity surface of acoustic impedance in the object. A
reception signal from the probe 3 is input to the reception
circuit 4. The reception circuit 4 includes a preamplifier, a
reception delay circuit, an adder, a quadrature detection cir-
cuit, and a low-pass filter. The preamplifier amplifies a recep-
tion signal for each channel. The reception delay circuit gives
the amplified signals delay times necessary to determine
reception directivities. The adder then adds them to obtain a
reflection signal with a reflection component from a direction
corresponding to reception directivity being enhanced.
[0020] In the B mode, the reflection signal is sent to a
B-mode processing unit 5 without being changed. The
B-mode processing unit 5 logarithmically amplifies the
reflection signal and detects it to generate a tissue image
(B-mode image) representing a tissue morphology. A coordi-
nate conversion unit 7, which is also called a digital scan
converter (DSC), rearranges the B-mode image according to
the scanning system of a monitor 9. The monitor 9 then
displays the image.

[0021] Inthe Doppler mode, a reflection signal is sent as a
complex signal (IQ signal) constituted by a real part and
imaginary part associated with a Doppler shift component to
the color Doppler processing unit 6 via the quadrature detec-
tion circuit and the low-pass filter. The color Doppler pro-
cessing unit 6 extracts a high-frequency blood flow signal by
removing low-frequency clutter components from the IQ sig-
nal associated with the Doppler shift via a high-pass wall
filter, and calculates the average velocity, variance, and power
of the signal. The average velocity, variance, and power are
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displayed individually or in arbitrary combination with each
other on the monitor 9 via the coordinate conversion unit 7.
An image combining processing unit 8 can arbitrarily com-
bine the blood flow image with a B-mode image.

[0022] FIG. 2 shows the arrangement of the color Doppler
processing unit 6 in FIG. 1. An input buffer 61 holds 1Q
signals, rearranges the signals into data strings for the respec-
tive ultrasonic scanning lines and depths, and outputs the data
strings for each data unit called a packet having a predeter-
mined length. In the Doppler mode according to this embodi-
ment, a unit scan is repeated as in the B-mode scanning mode.
A unit scan is the operation of scanning an internal region
thoroughly while changing an ultrasonic scanning line (azi-
muth) for each ultrasonic transmission/reception. The time
required to scan an internal region thoroughly is called a scan
period, and the reciprocal of the period is called a frame rate.
That is, a frame rate is the number of times of scanning the
internal region per sec. In the Doppler mode, blood flow
information is calculated based on an echo data string (packet
data) associated with the same point (a point at the same depth
in the same azimuth) of data obtained by plural emissions of
ultrasonic waves in the same direction. The pulse repetition
frequency (PRF) associated with this packet data is equiva-
lent to a frame rate. This scanning method can theoretically
obtain packet data up to infinite length. In practice, however,
an arbitrary packet size is selected from the range of 5 to 16.
It is possible to sequentially generate packet data in a scan
cycle by repeating the processing of adding new echo data
and removing old echo data.

[0023] A wall filter 62 has a high-pass characteristic for
removing, from packet data, low-frequency clutter compo-
nents originating from a reflector whose motion velocity is
low such as the cardiac muscle and extracting blood flow
components with relatively high frequencies. The 1Q data
associated with a blood flow and output from the wall filter 62
is sent to an autocorrelator 63 and a power calculation unit 65.
The autocorrelator 63 obtains an autocorrelation value by
taking the complex conjugate between the IQ data of the
blood flow in the current frame and the IQ data of the blood
flow in a frame immediately preceding the current frame. An
average velocity is obtained by calculating the angle defined
by areal part and an imaginary part from this correlation data.

[0024] The power calculation unit 65 calculates powers
representing the intensities of scattering by a reflector (blood
cells) having a lower frequency than ultrasonic waves at mul-
tiple points by adding the squares of the absolute values of the
real and imaginary parts of the IQ data associated with the
blood flow and output from the wall filter 62. A power addi-
tion unit 66 adds the powers at the respective points within a
packet. A logarithmic compression unit 67 logarithmically
compresses the power addition value. An average power cal-
culation unit 68 calculates an average power value in one
frame or local region from the compressed power addition
value. For a pixel whose average power value exceeds a
threshold, a power correction unit 69 subtracts the value
obtained by multiplying the difference between the average
power value and the threshold by a coefficient from the power
value of the pixel. When low-frequency components, mainly
clutter components, other than blood flow components
remain in a Doppler signal (blood flow signal) after passing
through the wall filter, the clutter components exhibit higher
power than the blood flow components. Therefore, the aver-
age power value is higher than the threshold. By subtracting
the value obtained by multiplying the difference between the
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average power value and the threshold by the coefficient from
the power value of each pixel from which the average power
value is calculated, it is possible to avoid a situation in which
remaining components mainly including clutter components
fill, as motion artifacts, an image display window with white,
which corresponds the maximum display gray level in gray-
scale display of powers, thereby suppressing changes within
adisplay grayscale range. This makes it possible to display, as
intensity changes, a tissue morphology which remaining
components generated in large quantities upon movement of
the probe essentially have.

[0025] This power correction will be described in detail
below. As described above, blood flow powers are displayed
in grayscale. It is preferable to transmit and receive ultrasonic
waves under conditions similar to those in the B mode instead
ofthose in the color Doppler mode. The IQ signal held in the
input buffer 61 is rearranged into a string of signals from the
same position. The signal string is output to the wall filter 62.
The wall filter 62 removes fixed signals and signals represent-
ing slow movement, mainly clutter signals, by using its high-
pass characteristics. The power calculation unit 65 calculates
the square of the absolute value of an output signal from the
wall filter 62. The power calculation unit 65 then adds the data
in the packet to the signal. The logarithmic compression unit
67 logarithmically compresses the resultant signal. The aver-
age power calculation unit 68 calculates the average power of
the compressed power signal in the frame or local region. The
power correction unit 69 performs the following correction

processing:

[0026] If

[0027] power value of given pixel (position): Pin
[0028] average power value: Pm

[0029] threshold: Pth

[0030] gain correction coefficient: a

[0031] power value after correction: Pout

[0032] then,

Pout=Pin (if Pm=Pth)

Pout=Pin-ax(Pm—-Pth) (if Pm>Pth)

[0033] In this case, if a power value corresponding to the
maximum display gray level is Dmax,

[0034] then, values similar to the following values are pref-
erable:

Pth=Dmax/2

a=0.75to 1.0

[0035] That is, the gain of the power value of a pixel in a
frame or local region in which the average power exceeds the
threshold is substantially reduced in accordance with the
power average value and the threshold. The power value of a
pixel in a frame or local region in which the average power is
equal to or less than the threshold is maintained.

[0036] The coordinate conversion unit 7 performs coordi-
nate conversion of this power value. The monitor 9 then
displays the resultant data. This data is suitably displayed in
grayscale.

[0037] Such power correction processing has the following
effects.

[0038] For the sake of convenience, if a correction formula
is expressed in the form of Pout=Pin-C where C is a gain
correction value. The value of C can be expressed by the
graph shown in FIG. 3. If there is no motion artifact, since the
wall filter 62 sufficiently suppresses clutter signals from the
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tissue, the average power becomes a value much smaller than
the maximum value in display. For this reason, Pm=Pth, and
an output value from the power correction unit 69 is equal to
the input value, as described above. If, for example, motion
artifacts occur due to the movement of the probe 3, clutter
signals from the tissue pass through the wall filter 62 without
being sufficiently suppressed. In this case, the range of the
clutter signals spreads on the entire window. For this reason,
average power value Pm>Pth, and is corrected into
Pout=Pin-ax(Pm-Pth). This output is the value obtained by
subtraction from the logarithmically compressed signal. This
processing is therefore essentially equivalent to the process-
ing of reducing the gain relative to the original power signal
on the linear axis. The motion artifacts passing through the
wall filter 62 are clutter signals from the tissue, and hence are
essentially equivalent to a B-mode signal. The gain is high
under the conditions for the display of'a blood flow, and hence
the motion artifacts are displayed in totally white which
almost corresponds the maximum display gray level. How-
ever, since the gain is substantially reduced by the correction
processing in this embodiment, if motion artifacts occur, they
are displayed as a tissue morphology image similar to that in
the B mode. With this operation, when the probe 3 is at rest,
the power of a blood flow is displayed, whereas when the
probe 3 is moved, a tissue morphology image is displayed.
[0039] According to the above description, the average
power value of an overall frame is obtained. However, it is
possible to obtain the average power of each block upon
dividing a frame into a plurality of local regions (blocks) and
perform the above correction processing for each block. It is
possible to reduce the discontinuity between the blocks by
making the blocks overlap each other and continuously
changing weights for the two blocks in each portion where
they overlap each other.

[0040] The Doppler mode generally repeats ultrasonic
transmission/reception for each ultrasonic scanning line a
predetermined number of times, i.e., 5 to 16 times, in a pre-
determined cycle (1/PRF) and sequentially moving an ultra-
sonic scanning line. In a scanning procedure in this embodi-
ment shown in FIG. 4, an ultrasonic scanning line is
sequentially moved while an ultrasonic wave is transmitted/
received once for each of a plurality of ultrasonic scanning
lines constituting an internal region (frame) of an object as a
scan target. A unit scan, i.e., scanning a frame thoroughly, is
continuously repeated. This scanning procedure is the same
as that for a B-mode scan. Data strings from the same position
between frames are used as packets. In this scanning proce-
dure, an ultrasonic wave is repeatedly and intermittently
transmitted and received to and from each ultrasonic scanning
line in a predetermined scan cycle. As the wall filter 62, a
fourth-order IIR filter can be used. The input buffer 61 stores
data ranging from at least six frames preceding the current
frame to the current frame. The IIR filter represented by the
following equation is applied to signals from the same posi-
tions.

y(m) =b0sx(n) +blxx(n—1)+b2xx(n—2) +b3xx(n—-3) +

bAsx(n—4)+al=yn—-1D+a2xyn—-2)+a3xyn-3)+ad=yn-—4)

where x(n) is an IQ signal of the current frame, x(n-1)is an IQ
signal of a frame immediately preceding the current frame,
y(n) is an output from the wall filter 62, and y(n-1) is a wall
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filter output corresponding to a frame immediately preceding
the current frame. According to the general operation proce-
dure described above, since the packet length is limited to 5 to
16, which is the number of times of repetition of transmission/
reception, a transient response occurs when an IIR filter is
used. For this reason, the first two to four data cannot be used.
In contrast to this, in this scanning procedure, since data of
infinite length are continuously input, no transient response
problem occurs. It is also possible to increase the order of the
IIR filter. This improves the performance of the wall filter 62
as compared with the prior art.

[0041] The power calculation unit 65 then calculates pow-
ers. The power addition unit 66 calculates a moving average
between an arbitrary number of consecutive frames. One of
the advantages of this scanning procedure is that it is possible
to arbitrarily set the number of times of power addition. The
subsequent processing is the same as that described above.
[0042] In this scanning procedure, the pulse repetition fre-
quency (PRF) is equal to the frame rate and can be suppressed
considerably low as compared with the above general scan-
ning procedure in which ultrasonic transmission/reception is
repeated for each ultrasonic scanning line. This allows obser-
vation of even blood flows of low flow rates. On the other
hand, motion artifacts tend to occur due to the movement of
the tissue. If the motion artifacts are displayed without any
change, since the power values are large, the window is dis-
played totally white. In this scanning procedure, when motion
artifacts occur, since the average power Pm becomes larger
than Pth, only a value dependent on the average power value
Pm is subtracted from the original power value. Since this
subtraction is performed after logarithmic compression, the
subtraction on the linear axis is essentially equivalent to divi-
sion processing. This obtains the effect of automatically
reducing the gain. Since a motion artifact is an echo signal
from the tissue, the image whose gain is reduced is an image
equivalent to an image of the tissue, i.e., a B-mode image.
This makes it possible to continue scanning without any sense
of discomfort.

[0043] TItisalso possible to use the following Doppler scan-
ning together with B-mode scanning. In the above two types
of scanning procedures, Doppler scanning is independently
performed based on the assumption that only the power of a
blood flow is displayed. According to the scanning procedure
shown in FIG. 5, a unit scan is repeated under transmission/
reception conditions for the Doppler mode of scanning an
internal region thoroughly while changing an ultrasonic scan-
ning line every time an ultrasonic wave is transmitted/re-
ceived once. In the process of repeating this unit scan, the
transmission/reception conditions for the Doppler mode are
switched to the transmission/reception conditions for the B
mode once per a predetermined number of scans, once per
five scans in the case shown in FIG. 5, to insert one or two unit
scans under the transmission/reception conditions for the B
mode. The transmission/reception conditions for the B mode
include a lower central transmission frequency, a larger num-
ber of ultrasonic scanning lines, a larger view angle, and a
larger depth of field than the transmission/reception condi-
tions for the Doppler mode.

[0044] This scanning procedure allows to display a general
B-mode image concurrently with the display of the power of
a blood flow. The following are two different concrete meth-
ods.

[0045] In the first method, B-mode image processing and
blood flow power display processing share the same reflec-
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tion signal. Images may be superimposed/displayed or sepa-
rately displayed in two different windows. This method
repeats a unit scan under the fixed transmission/reception
conditions for the Doppler mode without switching the trans-
mission/reception conditions for the Doppler to those for the
B mode, and hence has disadvantages in terms ofthe S/N ratio
of a B-mode image, view angle, and depth of field.

[0046] The second method performs transmission/recep-
tion under different transmission/reception conditions
instead of using the same reflection signal for a B-mode
image and a blood flow image, and uses signals optimized for
the respective images. As shown in FIG. 5, according to this
scanning procedure, a B-mode scan is performed under the
transmission/reception conditions for the B mode once per
five unit scans in the Doppler mode. Although data for a blood
flow in this B-mode scan period is lost, the blood flow data in
the period is estimated and interpolated from blood flow data
acquired by Doppler scans adjacent through the B-mode scan
period, as shown in FIG. 6. As an estimation method, the least
squares method is used. Polynomial approximation (e.g.,
fourth-order approximation) is performed from four data on
each of the two sides, i.e., a total of eight data, and the least
squares method is then used to estimate a coefficient to esti-
mate central data. Filling the lost data by estimation in this
manner allows to handle the resultant data as continuous data.
Note that to use this method, the scan time taken for a frame
for the B mode needs to be equal to or an integer multiple of
the scan time taken for a frame for a blood flow.

[0047] Note that if the scan time in the B mode is not an
integer multiple of that for a blood flow, an IIR wall filter
which allows the effective use of data of infinite length with a
simple arrangement cannot be used, but a wall filter using the
least squares method can be used.

[0048] In this manner, a signal for the B mode and a signal
for a blood flow are separately obtained, and the resultant
images are displayed in two windows or superimposed/dis-
played in the same manner as that in the first method.

[0049] According to the above description, grayscale dis-
play is suitable as a display scheme to be used. However, it is
possible to perform color display by using both information
output from the power correction unit 69 and information
output from an average velocity/variance calculation unit 64.
For example, displaying a positive velocity, negative velocity,
and power value by using a red hue, blue hue, and brightness,
respectively, allows to display the information of a blood flow
direction in color and observe the moving state of blood cells
as luminance changes. In addition, using a white hue in accor-
dance with the amount of power correction performed will
display a tissue component having undergone power correc-
tion in grayscale and display a blood flow component not
having undergone power correction in a red or blue hue. It is
also possible to perform color display by using a two-dimen-
sional or three-dimensional color map exhibiting continuous
changes in accordance with power values and velocity values
and/or variance values.

[0050] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
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claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

a scanning unit configured to repeatedly scan an internal
region of an object with an ultrasonic wave at a prede-
termined frame rate via the ultrasonic probe;

an image generation unit configured to extract a blood flow
signal based on a Doppler effect from a reflection signal
obtained by the scan and repeatedly generate a blood
flow image representing a spatial distribution associated
with power of the blood flow signal at the frame rate;

an average value calculation unit configured to calculate a
power average value in a frame or local region based on
the blood flow image; and

an image correction unit configured to correct the blood
flow image by performing processing of substantially
reducing a gain on the power values in the frame or local
region in which the power average value exceeds the
threshold, and maintaining power values in the frame or
local region in which the power average value is not
more than the threshold.

2. The apparatus of claim 1, further comprising a display
unit configured to display the blood flow image in colors
corresponding to a power value of the corrected blood flow
image, a difference between the power average value and the
threshold, a blood flow rate corresponding to the blood flow
signal, and/or a variance of the blood flow corresponding to
the blood flow signal.

3. The apparatus of claim 1, wherein the scanning unit
repeats a scan to scan the internal region thoroughly while
changing an ultrasonic scanning line every time the ultrasonic
wave is transmitted/received once.

4. The apparatus of claim 1, wherein the scanning unit
repeats a unit scan to scan the internal region thoroughly
while changing an ultrasonic scanning line every time the
ultrasonic wave is transmitted/received once, and switches a
transmission/reception condition for a Doppler mode to a
transmission/reception condition for a B mode at a frequency
of once per a predetermined number of times of execution of
the unit scan during repetition of the unit scan.

5. The apparatus of claim 4, further comprising an inter-
polation processing unit configured to estimate, by a least
squares method, and interpolate a blood flow image lost due
to switching to the transmission/reception condition for the B
mode from a blood flow image acquired under the transmis-
sion/reception condition for the Doppler mode.

6. The apparatus of claim 1, wherein the scanning unit
scans the internal region according to a three-dimensional
scanning procedure.

7. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

a scanning unit configured to repeatedly scan an internal
region of an object with an ultrasonic wave at a prede-
termined frame rate via the ultrasonic probe;

an image generation unit configured to extract a blood flow
signal from a reflection signal obtained by the scan
based on a Doppler effect and repeatedly generate a
blood flow image representing a spatial distribution
associated with power of the blood flow signal at the
frame rate;
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a compression unit configured to logarithmically compress
a power value of each pixel of the blood flow image;

an average value calculation unit configured to calculate a
power average value associated with a frame or local
region for the compressed blood flow image as a target;
and

an image correction unit configured to correct the blood
flow image by performing processing of substantially
reducing a gain on the power values in the frame or local
region in which the power average value exceeds the
threshold, and maintaining power values in the frame or
local region in which the power average value is not
more than the threshold.

8. The apparatus of claim 7, further comprising a display
unit configured to display the blood flow image in colors
corresponding to a power value of the corrected blood flow
image, a difference between the power average value and the
threshold, a blood flow rate corresponding to the blood flow
signal, and/or a variance of the blood flow corresponding to
the blood flow signal.

9. The apparatus of claim 7, wherein the scanning unit
repeats a scan to scan the internal region thoroughly while
changing an ultrasonic scanning line every time the ultrasonic
wave is transmitted/received once.

10. The apparatus of claim 7, wherein the scanning unit
repeats a unit scan to scan the internal region thoroughly
while changing an ultrasonic scanning line every time the
ultrasonic wave is transmitted/received once, and switches a
transmission/reception condition for a Doppler mode to a
transmission/reception condition for a B mode at a frequency
of'once per a predetermined number of times of execution of
the unit scan during repetition of the unit scan.

11. The apparatus of claim 10, further comprising an inter-
polation processing unit configured to estimate, by a least
squares method, and interpolate a blood flow image lost due
to switching to the transmission/reception condition for the B
mode from a blood flow image acquired under the transmis-
sion/reception condition for the Doppler mode.

12. The apparatus of claim 7, wherein the scanning unit
scans the internal region according to a three-dimensional
scanning procedure.

13. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

a scanning unit configured to repeatedly scan an internal
region of an object with an ultrasonic wave via the ultra-
sonic probe; and

an image generation unit configured to repeatedly generate
an image based on a reflection signal obtained by the
scan,

wherein the scanning unit repeats a unit scan to scan the
internal region thoroughly while changing an ultrasonic
scanning line every time the ultrasonic wave is transmit-
ted/received once, and switches a transmission/recep-
tion condition for a Doppler mode to a transmission/
reception condition for a B mode at a frequency of once
per a predetermined number of times of execution of the
unit scan during repetition of the unit scan.

14. The apparatus of claim 13, further comprising an inter-
polation processing unit configured to estimate, by a least
squares method, and interpolate a blood flow image lost due
to switching to the transmission/reception condition for the B
mode from a blood flow image acquired under the transmis-
sion/reception condition for the Doppler mode.
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