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ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a color Doppler
ultrasonic diagnostic apparatus which visualizes a blood flow
utilizing Doppler signals acquired by transmitting/receiving
ultrasonic waves, and in particular to an ultrasonic diagnostic
apparatus having a function of reducing motion artifacts
occurring due to changes in a speckle pattern that correspond
to a motion of a tissue.

[0003] 2. Description of the Related Art

[0004] 1In an ultrasonic color Doppler method, ultrasonic
waves are transmitted/received to/from an object, and the
Doppler signal that corresponds to the blood flow, which is a
component of an ultrasonic echo signal occurring in the
object, is two-dimensionally displayed. The ultrasonic echo
signal acquired from the object is a convoluted signal, in
which the signal from the tissue is convoluted with a blood
flow signal that is the Doppler signal that results from the
blood flow. Accordingly, an MIT (moving target indication)
filter (which is also referred to as a “wall filter”) is used which
is based on the fact that the motion velocity of the tissue is
slow, thereby suppressing a clutter signal which is the Dop-
pler signal from the tissue.

[0005] However, in a case in which there is a large amount
of tissue motion due to breathing or a beating of the heart, an
amplitude of the speckle pattern changes. Here, the speckle
pattern is a granular pattern occurring due to a random inter-
ference of ultrasonic waves. Accordingly, the clutter signal
cannot be sufficiently suppressed using only the MTT filter
having a function of a suppressing signal under fixed condi-
tions. As a result, such an arrangement has a problem of color
artifacts which are referred to as “motion artifacts”.

[0006] Inordertoreduce the motion artifacts, a method has
been proposed, in which the motion velocity of the tissue
(clutter velocity) is calculated, and a phase correction is per-
formed for the Doppler signal of an original signal, or prop-
erties of the MTI filters are adjusted (for example, see Japa-
nese Unexamined Patent Application publication No.
10-99333, Japanese Unexamined Patent Application publica-
tion No. 11-267125, U.S. Pat. No. 5,349,524 specification).
[0007] The aforementioned method in which the clutter
velocity is calculated and phase correction is performed for
the original signal is an effective method without adverse
effects as long as the phase correction is performed for the
Doppler signal from a heart or a large blood vessel. However,
the motion artifacts cannot be sufficiently suppressed by only
the phase correction performed for the Doppler signal. In
order to solve this problem, a technique has been proposed in
which additional adjustments are made to a cut-off frequency
of the MTT filters.

[0008] Also, a technique has been proposed in which pro-
cessing is performed utilizing the baseband (1Q) signal gen-
erated in a reception circuit of the ultrasonic diagnostic appa-
ratus, and the amplitude thereof, which is equivalent
processing to the instantaneous clutter velocity correction
processing (for example, see Japanese Unexamined Patent
Application publication No. 2005-312773).

[0009] With the aforementioned conventional processing,
the cut-off frequency is increased according to an increase in
the clutter velocity. However, in some cases, such conven-
tional processing with settings that are sufficient to ensure
that the motion artifacts are suppressed has a problem that the
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blood flow signal is removed. Accordingly, such processing
for adjusting the cut-off frequency of the MTI filters is not
actively employed. Accordingly, in this situation, it is difficult
for the ultrasonic color Doppler method to sufficiently
remove the motion artifacts occurring due to the tissue
motion.

SUMMARY OF THE INVENTION

[0010] 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 apparatus which
can reduce motion artifacts occurring due to changes in the
speckle pattern that correspond to the motion of the tissue,
while evading an occurrence of adverse effects that the blood
flow signal are removed.

[0011] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic apparatus, com-
prising: an IQ signal acquiring unit configured to acquire a
plurality of groups including an ultrasonic reception IQ sig-
nal, under respective interference conditions that differ from
one another; a signal generating unit configured to generate
an added signal by adding the groups, and to generate an
added amplitude signal by adding the amplitudes of the
groups; a first Doppler signal extracting unit configured to
extract a first Doppler signal that corresponds to motion from
the added signal; and a second Doppler signal extracting unit
configured to extract a second Doppler signal having a prop-
erty that differ from the property of the first Doppler signal,
wherein the first Doppler signal extracting unit and the second
Doppler signal extracting unit are configured so as to extract
the first Doppler signal and the second Doppler signal respec-
tively while reducing an artifact due to tissue motion.

[0012] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic apparatus, com-
prising: an IQ signal acquiring unit configured to acquire a
plurality of groups including an ultrasonic reception IQ sig-
nal, under respective interference conditions that differ from
one another; a Doppler signal detecting unit configured to
detect a plurality of groups including a Doppler signal based
on the groups including the ultrasonic reception IQ signal in
every group; and an estimating unit configured to calculate
based on the groups including a Doppler signal at least one of
groups including a self-correlation function, groups includ-
ing a blood flow velocity, and groups including a variance in
the blood flow, and groups including a blood flow power
signal in every group, and to estimate at least one of a single
blood flow velocity, a single blood flow variance, and a single
blood flow power signal by performing an addition or a
weighting addition of the calculation results thus calculated.

[0013] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic apparatus, com-
prising: an IQ signal acquiring unit configured to acquire a
plurality of groups including an ultrasonic reception IQ sig-
nal, under respective interference conditions that differ from
one another; a Doppler signal detecting unit configured to
detect a plurality of groups including a Doppler signal based
on the groups including the ultrasonic reception IQ signal in
every group; and an estimating unit configured to estimate a
blood flow signal to be output based on the groups including
the Doppler signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the accompanying drawings:

[0015] FIG.1isablock diagram which shows an ultrasonic
diagnostic apparatus according to a first embodiment of the
present invention;

[0016] FIG. 2 is a block diagram which shows a detailed
configuration of a color Doppler processing system shown in
FIG. 1;

[0017] FIG. 3 is a diagram which shows a relation among
1Q signals generated in an arrangement in which a reception
opening of a probe shown in F1G. 1 is divided into a first block
consisting of'a first channel to the N/2'th channel and a second
block consisting of a (N/2+1)'th channel to a N'th channel,
[0018] FIG. 4 is a diagram which shows an example of a
received high frequency (RF: radio frequency) signal
acquired after one transmission of ultrasonic waves to a point-
shaped reflector;

[0019] FIG. 5 is a diagram which shows the IQ signal
generated based on the received RF signal from a point-
shaped reflector shown in FIG. 4;

[0020] FIG. 6 is a diagram which shows an RF Doppler
signal received from the point-shaped reflector with a nor-
malized Doppler frequency of0.02 at the point in time t=0 pis,
which is obtained based on the received RF signal shown in
FIG. 4;

[0021] FIG. 7 is a diagram which shows an 1Q Doppler
signal from the point-shaped reflector, which is obtained
based on the 1Q signal shown in FIG. 5;

[0022] FIG. 8 is a diagram which shows an example of the
received RF signal acquired after one transmission of ultra-
sonic waves 1o a scattering object;

[0023] FIG. 9 is a diagram which shows the IQ signal
generated based on the received RF signal from the scattering
object;

[0024] FIG. 10 is a diagram which shows the RF Doppler
signal received from the scattering object, with the normal-
ized Doppler frequency of 0.02 at the point in time t=0 s,
which is obtained based on the received RF signal shown in
FIG. 8;

[0025] FIG. 11 is a diagram which shows the 1Q Doppler
signal from the scattering object, which is obtained based on
the IQ signal shown in FIG. 9;

[0026] FIG. 12 is a diagram which shows the received RF
signals RF1 and RF2, which are two kinds of received RF
signals independent of one another, each of which is acquired
after one transmission of ultrasonic waves;

[0027] FIG. 13 is a diagram which shows the IQ signal
generated based on the received RF signal RF2 which is one
of the received RF signals shown in FIG, 12;

[0028] FIG.14isa diagram which shows amplitude signals
abs(IQ1) and abs(IQ2) of the 1Q signals IQ1 and 1Q2 gener-
ated based on the two kinds of received RF signals RF1 and
RF2 shown in FIG. 12, and the added signal abs(IQ1)+abs
(1Q2) obtained by adding the amplitude signals abs(IQ1) and
abs (1Q2);

[0029] FIG. 15 is a diagram which shows a Doppler signal
generated based on the two kinds of received RF signals RF1
and RF2 shown in FIG. 12 with the compound processing
shown in FIG. 14;

[0030] FIG.16isadiagram which shows a configuration of
the ultrasonic diagnostic apparatus including the color Dop-
pler processing system shown in FIG. 1, having a function of
performing the frequency compound processing;
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[0031] FIG. 17 is a block configuration diagram which
shows an ultrasonic diagnostic apparatus according to a sec-
ond embodiment of the present invention; and

[0032] FIG. 18 is a block configuration diagram which
shows an ultrasonic diagnostic apparatus according to a third
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] Description will be made regarding an ultrasonic
diagnostic apparatus according to an embodiment of the
present invention with reference to the accompanying draw-
ings.

[0034] FIG.1isablock diagram which shows an ultrasonic
diagnostic apparatus according to a first embodiment of the
present invention.

[0035] The ultrasonic diagnostic apparatus 1 has a probe 2,
a transmission circuit 3, a reception circuit 4, a B-mode pro-
cessing system 5, a color Doppler processing system 6, an
image display system 7, a monitor 8, and a control system 9.
[0036] Thetransmissioncircuit3 has a function of applying
transmission signals to multiple ultrasonic oscillators
included within the probe 2 with predetermined delay times
so as to form an ultrasonic transmission beam.

[0037] The probe 2 including the multiple ultrasonic oscil-
lators has a function of transmitting, to the interior of an
object (not shown), transmission signals applied by the trans-
mission circuit 3 in the form of an ultrasonic signal. Further-
more, the probe 2 has a function of receiving ultrasonic echo
signals from within the object, and outputting the signals thus
received to the reception circuit 4 in the form of an electric
signal.

[0038] The reception circuit 4 includes a digital beam
former which performs phasing addition of N-channel
received signals that correspond to the respective ultrasonic
oscillators. Using the digital beam former, the reception cir-
cuit 4 performs phasing addition of received signals that
correspond to the multiple ultrasonic oscillators. Such an
arrangement provides a function of generating a baseband
signal (IQ signal) in the baseband range, and a function of
outputting the IQ signal thus generated to the B-mode pro-
cessing system 5 and the color Doppler processing system 6.
The reception circuit 4 has a configuration for performing the
phasing addition processing for the received N-channel sig-
nals. With such an arrangement, the received N-channel sig-
nals are divided into a first block consisting of a first channel
signal to an N/2'th channel signal and a second block consist-
ing of an (N/2+1)'th channel signal to an N'th channel signal.
Then, the phasing addition is separately performed for the
first block and the second block. With such an arrangement,
the reception circuit 4 outputs an 1Q signal 1Q1, which is
obtained by performing the phasing addition processing for
the received signals that belong to the first block consisting of
the first channel signal to the N/2'th channel signal, and an 1Q
signal 1Q2, which is obtained by performing the phasing
addition processing for the received signals that belong to the
second block consisting of the (N/2+1)'th channel signal to
the N'th channel signal.

[0039] The B-mode processing system 5 has a function of
generating B-mode data based on the [Q signal acquired from
the reception circuit 4, and a function of outputting the
B-mode data thus generated to the image display system 7.
The color Doppler processing system 6 has a function of
generating color Doppler data based on the IQ signal acquired
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from the reception circuit 4, and a function of outputting the
color Doppler data thus generated to the image display sys-
tem 7.

[0040] The image display system 7 has a function of gen-
erating display image data and a function of outputting the
display image data thus generated to the monitor 8. With such
an arrangement, the image display system 7 performs coor-
dinate transformation for the B-mode data acquired from the
B-mode processing system 5§ and the color Doppler data
acquired from the color Doppler processing system 6, and
generates a composite image thereof, thereby generating the
display image data.

[0041] The control system 9 has a function of transmitting
control signals to the transmission circuit 3, the reception
circuit 4, the B-mode processing system 5, the color Doppler
processing system 6, and the image display system 7, thereby
centrally controlling these components.

[0042] FIG. 2 is a block diagram which shows a detailed
configuration of the color Doppler processing system 6
shown in FIG. 1.

[0043] The color Doppler processing system 6 has a buffer
circuit 10, a first amplitude acquisition circuit 11, a second
amplitude acquisition circuit 12, a third amplitude acquisition
circuit 13, a first adder 14, a second adder 15, a third adder 16,
a fourth adder 17, two first MTI filters (WF1a, WF15) 18A
and 18B, a second MTI filter (WF2) 19, a third MTI filter
(WF3) 20, and a velocity/power estimation circuit 21.
[0044] The buffer circuit 10 is connected to the output side
of the reception circuit 4. The units connected to the output
side ofthe buffer circuit 10 are the first amplitude acquisition
circuit 11, the second amplitude acquisition circuit 12, the
first adder 14, and the second adder 15. The third adder 16 is
connected as a common component to the output sides of the
first amplitude acquisition circuit 11 and the second ampli-
tude acquisition circuit 12. The output sides of the first adder
14 and the second adder 15 are connected to the MTI filters
(WF1a and WF15) 18A and 18B, respectively. Furthermore,
the output side of the third amplitude acquisition circuit 13 is
connected to the second MTT filter (WF2) 19. The output side
ofthe third adder 16 is connected to the third MTI filter (WF3)
20. Moreover, the fourth adder 17 is connected to the output
side of the first MTT filter (WF1a) 18A connected to the
output side of the first adder 14, and the output sides of the
second MTI filter (W12) 19 and the third MTI filter (WF3) 20.
The velocity/power estimation circuit 21 is connected as a
common component to the output side of the first MTI filter
(WF15) 18B connected to the output side of the second adder
15 and the output side of the fourth adder 17. Furthermore, the
output side of the velocity/power estimation circuit 21 is
connected to the image display system 7, which is a down-
stream system.

[0045] Thebuffer circuit 10 has a function of writing, in the
depth (distance) direction, multiple IQ signals IQ1 and 1Q2,
which have been sequentially acquired from the reception
circuit 4, thereby storing the 1Q signals. Furthermore, the
buffer circuit has a function of reading out the IQ signals 1Q1
and 1Q2 along the packet direction, which have been stored at
the same depth (position), and a function of outputting the IQ
signals IQ1 and 1Q2 thus read out to the first amplitude
acquisition circuit 11, the second amplitude acquisition cir-
cuit 12, and the first adder 14 or the second adder 15.

[0046] FIG. 3 is a diagram which shows the relation among
the IQ signals generated in an arrangement in which the
reception opening of the probe 2 shown in FIG. 1 is divided
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into a first block consisting of the first channel to the N/2'th
channel and a second block consisting of the (N/2+1)'th chan-
nel to the N'th channel.

[0047] As shown in FIG. 3, the IQ signals 1Q1, which
correspond to the first channel to the N/2'th channel, are
generated based on the received signals received by the first
block Rx-L of the probe 2. Furthermore, the 1Q signals 1Q2,
which correspond to the (N/2+1)'th to the N'th channel, are
generated based on the received signals received by the sec-
ond block Rx-R of the probe 2. Then, the IQ signals IQ1,
which correspond to the first channel to the N/2'th channel,
are output to the first amplitude acquisition circuit 11, and the
1Q signals 1Q2, which correspond to the (N/2+1)'ch to the
N'th channel, are output to the second amplitude acquisition
circuit 12.

[0048] Furthermore, I (real) signals, i.e., the I signals I1 that
are components of the 1Q signals 1Q1, which correspond to
the first channel to the N/2'th channel, and the I signals 12 that
are components of the 1Q signals 1Q2, which correspond to
the (N/2+1)'th to the N'th channel, are output to the first adder
14. On the other hand, the Q (img) signals, i.e., the Q signals
Q1 that are components of the 1Q signals IQ1, which corre-
spond to the first channel to the N/2'th channel, and the Q
signals Q2 that are components of the IQ signals IQ2, which
correspond to the (N/2+1)'th to the N'th channel, are output to
the second adder 15.

[0049] Each of'the first amplitude acquisition circuit 11, the
second amplitude acquisition circuit 12, and the third ampli-
tude acquisition circuit 13 has a function of acquiring the
amplitude of the corresponding input signal, and a function of
outputting the amplitude signal. Furthermore, each of the first
adder 14, the second adder 15, the third adder 16, and the
fourth adder 17 has a function of adding multiple input signals
and outputting the signal thus added.

[0050] The properties of the third MTT filter (WF3) 20 are
adjusted so as to allow the signal components of the input
signal ranging from a predetermined frequency f1 to a fre-
quency 2 that is higher than the frequency 1 1o pass through
the filter. The properties of the second MTT filter (WF2) 19 are
adjusted so as to allow the signal components of the input
signal ranging up to a frequency {3 that is higher than the
frequency 12 to pass through the filter. The properties of the
first MTI filters (FW1a and FW15) 18A and 18B are adjusted
so as to allow the signal components of the input signal that
areequal to or higher than the frequency 3 to pass through the
filter. Accordingly, the signal components of the input signal
that are equal to or lower than the predetermined frequency f1
are cut off by each of the first MT1 filters (FW1a and FW15b)
18A and 18B, the second MTT filter (WF2) 19, and the third
MTT filter (WE3) 20.

[0051] The velocity/power estimation circuit 21 has a func-
tion of estimating a velocity, a variance, and a power of the
blood flow based on the input signals, and a function of
outputting the velocity, the variance, and the power of the
blood flow thus estimated to the image display system 7,
which is a downstream system, in the form of the velocity
signal V, the variance signal T, and the power signal P, respec-
tively.

[0052] Next, description will be made regarding the opera-
tions and functions of the ultrasonic diagnostic apparatus 1.

[0053] Upon the transmission circuit 3 receiving a trans-
mission signal application instruction from the control sys-
tem 9, the transmission circuit 3 repeatedly applies transmis-
sion signals to the corresponding multiple ultrasonic
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oscillators included within the probe 2 with predetermined
delay times that correspond to the depth of the focus position
and the transmission direction of the ultrasonic transmission
beam. Each of the oscillators transmits the transmission sig-
nals, which are sequentially applied by the transmission cir-
cuit 3, to the interior of the object in the form of an ultrasonic
signal. Thus, the ultrasonic echo signals occurring at each
position within the object are sequentially received by the
N-channel ultrasonic oscillators, and are output to the recep-
tion circuit 4 as received signals in the form of electric signals.
[0054] As described above, the received signals which are
used for generating the B-mode data for displaying a cross-
sectional image of the object and the received signals used for
generating the color Doppler data for displaying the blood
flow information with respect to the object are sequentially
output to the reception circuit 4 multiple times in a predeter-
mined order. That is to say, with such an arrangement, the
focus position of the ultrasonic transmission beam is changed
s0 as to sequentially receive the received signals from within
the object in a predetermined range of transmission directions
and depths. The received signals thus acquired are output to
the reception circuit 4. Here, the received signal to be used for
generating the color Doppler data is acquired for each sam-
pling point, along the same transmission direction and at the
same depth, a predetermined number of times corresponding
to the ensemble number.

[0055] The digital beam former included in the reception
circuit 4 performs phasing addition of the received signals
which have been received by the ultrasonic oscillators that
belong to the first block consisting of the first channel to the
N/2'th channel and which are to be used for generating the
color Doppler data, thereby generating the 1Q signals 1Q1.
Furthermore, phasing addition is performed for the received
signals which have been received by the ultrasonic oscillators
that belong to the second block consisting of the (N/2+1)'th
channel to the N'th channel and which are to be used for
generating the color Doppler data, thereby generating the IQ
signals 1Q2. These two kinds of IQ signals, i.e., I1Q1 and 1Q2,
which correspond to the respective positions within the
object, are output to the color Doppler processing system 6.
Furthermore, for the received signals to be used for generat-
ing the B-mode data, the digital beam former performs phas-
ing addition processing for all the received signals which
correspond to the first channel to the N'th channel. The IQ
signals thus generated are output to the B-mode processing
system 5.

[0056] TheB-modeprocessing system 5 performs data pro-
cessing for the IQ signals to be used for generating the
B-mode data, thereby generating the B-mode data. The
B-mode data thus generated is output to the image display
system 7.

[0057] On the other hand, the color Doppler processing
system 6 generates the color Doppler data based on the two
kinds of 1Q signals, i.e., IQ1 and 1Q2, and outputs the color
Doppler data thus generated to the image display system 7.
Specifically, the two kinds of 1Q signals IQ1 and 1Q2 acquired
for each transmission direction and depth in the form of time
series data are temporarily stored in the buffer circuit 10.
Then, the predetermined ensemble number of 1Q signals IQ1,
which correspond to the same transmission direction and the
same depth and which correspond to the first channel to the
N/2'th channel, are read out along the packet direction, and
the 1Q signals 1Q1 thus read out are sequentially output to the
first amplitude acquisition circuit 11. In addition, the prede-

Aug. 7, 2008

termined ensemble number of I1Q signals 1Q2, which corre-
spond to the same transmission direction and the same depth
and which correspond to the (N/2+1)'th channel to the N'th
channel, are read out along the packet direction, and the 1Q
signals IQ2 thus read out are sequentially output to the second
amplitude acquisition circuit 12.

[0058] The first amplitude acquisition circuit 11 acquires
the amplitudes of the IQ signals IQ1, and outputs the ampli-
tudes thus acquired to the third adder 16 as the amplitude
signals Al. The second amplitude acquisition circuit 12
acquires the amplitudes of the IQ signals 1Q2, and outputs the
amplitudes thus acquired to the third adder 16 as the ampli-
tude signals A2. The third adder 16 adds these two kinds of
amplitude signals A1 and A2, thereby generating the added
signal A12. The added signal A12 thus generated is output to
the third MTT filter (WF3) 20.

[0059] On the other hand, the I signals I1 included in the 1Q
signals 1Q1 that correspond to the first channel to the N/2'th
cannel and the I signals 12 included in the IQ signals 1Q2 that
correspond to the (N/2+1)'th channel to the N'th channel are
output to the first adder 14. Furthermore, the Q signals Q1
included in the 1Q signals IQ1 that correspond to the first
channel to the N/2'th cannel and the Q signals Q2 included in
the IQ signals 1Q2 that correspond to the (N/2+1)'th channel
to the N'th channel are output to the second adder 15.

[0060] The first adder 14 adds these two kinds of I signals,
i.e.,11 and 12, thereby generated the I signal I3. The I signal I3
thus generated is output to the third amplitude acquisition
circuit 13 and one of the first MT1 filters, i.e., the first MTI
filter (Wfla) 18A. The second adder 15 adds the two kinds of
Q signals, i.e., Q1 and Q2, thereby generating the Q signal
Q3. The Q signal Q3 thus generated is output to the third
amplitude acquisition circuit 13 and the other first MT1 filter,
i.e., the first MTI filter (Wf15) 18B.

[0061] The I signal I3 to be input to the first MTI filter
(WF1a) 18A is a signal obtained by adding the I signals 11
that correspond to the first channel to the N/2'th channel and
the I signals 12 that correspond to the (N/2+1)'th channel to
the N'th channel. Accordingly, the I signal 13 is equivalent to
the ordinary I signal which is obtained via the first channel to
the N'th channel, i.e., via the entire opening. In the same way,
the Q signal Q3 to be output to the first MTI filter (WF15) 18B
is equivalent to the ordinary Q signal which is obtained via the
entire opening.

[0062] The third amplitude acquisition circuit 13 acquires
the amplitude of the IQ signal IQ3 consisting of the I signal I3
and the Q signal Q3 acquired from the first adder 14 and the
second adder 15, and outputs the amplitude thus acquired to
the second MTT filter (WF2) 19 as the amplitude signal A3.
The 1Q signal 1Q3 is equivalent to the ordinary IQ signal 1Q
which is obtained via the entire opening. Accordingly, the
amplitude signal A3 input to the second MTI filter (WF2) 19
is also equivalent to the amplitude signal A of the ordinary 1Q
signal 1Q obtained via the entire opening.

[0063] That is to say, the aforementioned four kinds of
signals, i.e., the I signal I3 and the Q signal Q3 obtained by
simply adding the pair of 1Q signals IQ1 and IQ2 that have
been subjected to phasing addition after signal acquisition via
the two partitions of the opening, the amplitude signal A3 of
the 1Q signal 1Q3, and the added signal A12 obtained by
adding the respective amplitude signals A1 and A2 of the pair
of 1Q signals IQ1 and IQ2, are subjected to filtering process-
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ing using the two first MTT filters (WF1a, WF15) 18A and
18B, the second MTI filter (WF2) 19, and the third MT1 filter
(WF3) 20, respectively.

[0064] As described above, the properties of the first MT]I
filters (WF1a, WF15) 18A and 18B are set so as to allow the
signal components of the input signal with frequencies that
are equal to or higher than the frequency 3 to pass through the
filter. The properties of the second MTT filter (WF2) 19 are set
so as to allow the signal components of the input signal
ranging from the frequency f2 to the frequency 3 to pass
through the filter. The properties of the third MTI filter (WF3)
20 are set so as to allow the signal components of the input
signal ranging from the frequency f1 to the frequency f2 to
pass through the filter. Here, the frequency is not restricted to
the frequency employed in the ordinary Fourier theory.
Rather, the frequency as used here should be interpreted in the
broad sense to include the calculation results obtained by
polynomial orthogonal transformation.

[0065] Letusconsider an arrangement in which the number
of input signals, i.e., the ensemble numbers, is 16 for each of
the first MTI filters (WF1a, WF15) 18A and 18B, the second
MTT filter (WF2) 19, and the third MTI filter (WF3) 20. With
such an arrangement, the weight E1 to be applied to the first
MTT filters (WF1a, WF15) 18A and 18B with respect to the
polynomial orthogonal space may be set to one represented
by a following equation (1-1). The weight E2 to be applied to
the second MTT filter (WF2) 19 may be set to one represented
by a following equation (1-2) with respect to the polynomial
orthogonal space. The weight E3 to be applied to the third
MTI filter (WF3) 20 may be set to one represented by a
following equation (1-3) with respect to the polynomial
orthogonal space.

E1=[0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,1] (1-1)
E2=00,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0] (1-2)
E2=00,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0] (1-3)

[0066] It should be noted that, in the equation (1-1), (1-2),
and (1-3), the element value at the far left inside the square
brackets represents the zero-order (DC: Direct Current) coef-
ficient, and as the values advance to the right, the order of the
coeflicient represented by the element value increases by 1.

[0067] Then, the fourth adder 17 adds the output signals
output from the first MT1 filter (WF1a) 18 A for the I signal I3,
the second MTI filter (WF2) 19, and the third MTI filter
(WF3) 20, which have the aforementioned properties. The
output signal of the fourth adder 17 and the output signal of
the first MTI filter (WF15) 18B for the Q signal Q3 are input
to the velocity/power estimation circuit 21.

[0068] Thevelocity/power estimation circuit 21 obtains the
power signal P by adding the output signal of the fourth adder
17 and the power of the output signal of the first MTTI filter
(WF15) 18B for the Q signal Q3. Furthermore, the velocity/
power estimation circuit 21 estimates the velocity signal V
and the variance signal T using the self correlation method.
Then, the velocity/power estimation circuit 21 outputs the
power signal P, the velocity signal V, and the variance signal
T to the image display system 7 as the color Doppler data.

[0069] The image display system 7 performs necessary
processing such as processing for generating a composite
image based on the B-mode data and the color Doppler data,
coordinate transformation, etc. The image data thus gener-
ated in the final stage is transmitted to the monitor 8, thereby
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displaying the image thus generated. Thus, the monitor 8
displays the B-mode image and the color Doppler image in a
superimposed manner.

[0070] Next, description will be made regarding the effects
provided by setting the properties of the first MTI filters
(WF1a, WF15b) 18A and 18B, the second MTI filter (WF2)
19, and the third MTI filter (WF3) 20 as described above.
Before this description, first, description will be made regard-
ing what can cause motion artifacts to occur.

[0071] Japanese Unexamined Patent Application publica-
tion No. 2005-312773 discloses an arrangement which per-
forms processing for suppressing motion artifacts utilizing an
1Q signal and the amplitude signal of the 1Q signal, which is
equivalent to instantaneous clutter velocity correction. Thatis
to say, with such an arrangement, the instantaneous clutter
velocity is corrected by removing the low-frequency compo-
nents from the 1Q signal and the amplitude signal of the 1Q
signal. Here, description will be made regarding the physical
significance of the instantaneous clutter phase correction.
[0072] As anassumption, letus say that the tissue moves at
a constant velocity with a constant amplitude over a period of
time (which will be referred to as the “packet time” hereafter)
necessary for transmission/reception of the ultrasonic waves
performed multiple times in order to acquire the Doppler
signals. In this case, the amplitude signal of the clutter signal
from the tissue is a DC signal.

[0073] Accordingly, such a signal can be removed by an
MTT filter. On the other hand, the velocity and amplitude of
the blood flow signal from the blood flow changes during the
packet time. Accordingly, the amplitude signal of the blood
flow signal is not removed by the MTI filter. Accordingly, the
blood flow signals from the heart or from within large blood
vessels is removed by performing the instantaneous phasing
correction processing which removes low-frequency compo-
nents from the IQ signal and the amplitude signal of the 1Q
signal. Accordingly, instantaneous phasing correction pro-
cessing is performed only for the signals from tissues that
move at a low velocity.

[0074] However, in actuality, the instantaneous phasing
correction processing is not sufficient to remove motion arti-
facts. Accordingly, it can be understood that the assumption
that the tissue moves at a constant velocity with a constant
amplitude during the packet time is incorrect. However, the
actual phenomenon does not agree with the assumption that
the echo occurs due to reflection from the tissue.

[0075] The distance of the movement of the tissue in the
abdominal region must not exceed around 6 mm/s. Here, the
normalized Doppler frequency (Doppler frequency normal-
ized with a Nyquist frequency of 0.5) fdnormal is represented
by a following equation (2) with the mean frequency as 0, the
pulse repetition frequency as PRF, the speed of sound as C,
and the reflector migration velocity as v.

Sfdnormal=2vf0/(C*PRF)=2v(PRF*k) 2)

[0076] Here, in the equation (2), k represents the wave-
length. Letus say that the migration velocity v of the reflector
tissue is 6 mmy/s, the mean frequency 0 is 2.5 MHz, the pulse
repetition frequency PRF is 1 kHz, and the speed of sound C
is 1540 m/s. In this case, the normalized Doppler frequency
fdnorm is calculated to be 0.02 according to the equation (2).
Accordingly, the tissue movement causes a 2% phase shift of
the wavelength A. Let us say that the number of repeated
transmissions of ultrasonic waves N is 10. In this case, a 0.2%
phase shift occurs. Ordinarily, the wave train length of the



US 2008/0188751 Al

ultrasonic pulse is 2 to 4 for acquiring the color Doppler data.
Accordingly, it can be assumed that the change in the enve-
lope of the ultrasonic pulses is almost zero. Accordingly, it is
concluded that the phase and the amplitude of the Doppler
signal at the same position are constant during the packet time
on the assumption that the echo occurs due to reflection from
the tissue.

[0077] FIG. 4 is a diagram which shows an example of a
received high frequency (RF: radio frequency) signal
acquired after one transmission of ultrasonic waves to a point-
shaped reflector. FIG. 5 is a diagram which shows the IQ
signal generated based on the received RF signal from the
point-shaped reflector shown in FIG. 4. FIG. 6 is a diagram
which shows an RF Doppler signal received from the point-
shaped reflector with a normalized Doppler frequency 0 0.02
at the point in time t=0 ps, which is obtained based on the
received RF signal shown in FIG. 4. FIG. 7 is adiagram which
shows the 1Q Doppler signal from the point-shaped reflector,
which is obtained based on the IQ signal shown in FIG. 5.
[0078] As shown in FIG. 7, the change in the amplitude of
the 1Q Doppler signal is almost zero. However, in actuality,
the echo received from the tissue is not due to the reflection of
the ultrasonic waves, but is due to scattering thereof. The
image generated based on the echo thus generated due to such
scattering from the tissue has a speckle pattern, leading to a
granular image. The speckle pattern occurs due to phase
interference. The phase of this signal changes in a non-linear
manner along the distance direction. Furthermore, the ampli-
tude thereof repeatedly increases and decreases along the
distance direction. The speckle pattern changes even due to
slight movement of the tissue. Accordingly, the phase and the
amplitude of the echo change due to such slight movement of
the tissue. Accordingly, when the echo occurring due to the
scattering from the tissue at the same position is observed in
the form of a Doppler signal, the phase and the amplitude of
the echo change with a shorter cycle than that of the actual
movement of the tissue.

[0079] FIG. 8 is a diagram which shows an example of a
received RF signal acquired after one transmission of ultra-
sonic waves to a scattering object. FIG. 9 is a diagram which
shows the IQ signal generated based on the received RF signal
from the scattering object. FIG. 10 is a diagram which shows
an RF Doppler signal received from the scattering object,
with a normalized Doppler frequency of 0.02 at the point in
time t=0 us, which is obtained based on the received RF signal
shown in FIG. 8. FIG. 11 is a diagram which shows the IQ
Doppler signal from the scattering object, which is obtained
based on the IQ signal shown in FIG. 9.

[0080] As shown in FIG. 11, it can be understood that the
value of each of the I (real) signal, the Q (imag) signal, and the
amplitude (abs) signal changes. In a case in which only the
phase of the clutter signal changes, the clutter signal can be
suppressed by performing instantaneous phase correction or
by acquiring the amplitude signal. However, in a case in
which there is a change in the amplitude of the clutter signal,
performing instantaneous phase correction or acquiring the
amplitude signal is not sufficient to suppress the clutter sig-
nal. The reason is that the change in the amplitude of the
clutter signal causes signal components that pass through the
MTT filter. This is the actual source of motion artifacts.
[0081] On the other hand, a spatial compound method and
a frequency compound method are known as a conventional
technique for removing the speckle pattern occurring in a
B-mode image. As described above, the speckle pattern
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occurs due to the phase interference, and due to the coherent
ultrasonic wave. In order to solve this problem, with the
spatial compound method, the amplitude signals of two kinds
of received signals are acquired via the two partitions of the
reception opening of the probe 2, and these two kinds of
signals are added, which is incoherent processing, thereby
reducing the speckle pattern. On the other hand, with the
frequency compound method, a single received signal
received from the probe 2 is divided into two bands of
received signals, the amplitude signals are acquired for the
respective these two bands of received signals, and the ampli-
tude signals thus acquired are added.

[0082] FIG. 12 is a diagram which shows the received RF
signals RF1 and RF2, which are two kinds of received RF
signals independent of one another, each of which is acquired
after one transmission of ultrasonic waves. FIG. 13 is a dia-
gram which shows the IQ signal generated based on the
received RF signal RF2 which is one of the received RF
signals shown in FIG. 12. FIG. 14 is a diagram which shows
amplitude signals abs(IQ1) and abs(IQ2) of the 1Q signals
1Q1 and 1Q2 generated based on the two kinds of received RF
signals RF1 and RF2 shown in FIG. 12, and the added signal
abs(IQ1)+abs(1Q2) obtained by adding the amplitude signals
abs(IQ1) and abs (1Q2). FIG. 15 is a diagram which shows a
Doppler signal generated based on the two kinds of received
RF signals RF1 and RF2 shown in FIG. 12 with the compound
processing shown in FIG. 14.

[0083] It should be noted that the received RF signal RF1
which is one of the received RF signals shown in FIG. 12 is
the same as the received RF signal RF shown in FIG. 8.
Accordingly, the IQ signal generated based on the received
RF signal RF1 is also the same as the 1Q signal shown in FIG.
8.

[0084] It can be understood from FIG. 15 that the clutter
signal is suppressed by the compound processing, and
accordingly, the Doppler signal generated based on the added
signal abs(1Q1)+abs(IQ2) is an approximately constant
value.

[0085] With conventional techniques, such incoherent
compound processing including addition is performed for
B-mode data. However, such incoherent compound process-
ing has not been performed for color Doppler data, because,
with conventional techniques, the phase difference of the
received signal is detected so as to estimate the velocity,
thereby obtaining the color Doppler data. Accordingly, con-
ventional techniques have been made on the assumption that
such incoherent processing cannot be performed for the color
Doppler data. In other words, in conventional techniques, it
has been assumed that an IQ signal is required for acquisition
of a blood flow signal.

[0086] On the other hand, as described above, Japanese
Unexamined Patent Application publication No. 2005-
312773 suggests that the blood flow signal can be obtained
utilizing the amplitude signal. Accordingly, although it has
been believed in conventional techniques that such com-
pound processing cannot be performed for the color Doppler
data, it can be expected that the compound processing can be
performed for the color Doppler data on the assumption that
the blood flow signal can also be obtained utilizing the ampli-
tude signal.

[0087] Accordingly, as shown in FIG. 3, the firstamplitude
acquisition circuit 11, the second amplitude acquisition cir-
cuit 12, and the third adder 16 as a common adder, are
included. With such an arrangement, the reception opening of
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the probe 2 is partitioned into two regions, and the spatial
compound processing is performed, thereby reducing the
speckle pattern occurring in the color Doppler data. Accord-
ingly, the added signal A12 input from the third adder 16 to
the third MTT filter (WEF3) 20 corresponds to the amplitude
signal subjected to the spatial compound processing.

[0088] Furthermore, the properties of the first MT1 filters
(WF1a, WF15) 18A and 18B, the second MTI filter (WF2)
19, and the third MTT filter (WE3) 20 are set so as to perform
the spatial compound processing only for predetermined fre-
quencies of 1Q signals. The equations (1-1), (1-2), and (1-3)
represent an example of the propetties of the first MTI filters
(WF1e, WF15) 18A and 18B, the second MTI filter (WF2)
19, and the third MTI filter (WF3) 20 thus set.

[0089] TItshould be noted that Unexamined Patent Applica-
tion publication No. 2005-312773 describes in detail the set-
ting method for setting the properties of the first MTT filters
(WF1a, WF15) 18A and 18B, the second MTI filter (WF2)
19, and the third MTI filter (WF3) 20 so as to perform the
spatial compound processing only for predetermined fre-
quencies of IQ signals. Let us say that the properties of the
first MTIfllters (WF1a, WF15) 18 A and 18B, the second MTI
filter (WF2) 19, and the third MTI filter (WF3) 20 are set to
those represented by the equations (1-1), (1-2), and (1-3). In
this case, the signal filtering is performed as follows. That is
to say, of the ordinary IQ signal IQ3 obtained by adding the
two kinds of IQ signals 1Q1 and 1Q2, the first MT1 filters
(WF1a, WF15) 18A and 18B allow the high-range frequency
components equal to or higher than the frequency f3 to pass
through the filter as they are. Of the amplitude signal A3 of the
ordinary IQ signal 1Q3 obtained by adding the two kinds of IQ
signals 1Q1 and 1Q2, the second MTI filter (WF2) 19 allows
the middle-range frequency components ranging from the
frequency 2 to the frequency 13 to pass through the filter. Of
the added signal A12 that corresponds to the amplitude signal
subjected to the spatial compound processing, the third MTI
filter (WF3) 20 allows the low-range frequency components
ranging from the frequency f1 to the frequency f2 to pass
through the filter.

[0090] In other words, in the color Doppler processing sys-
tem 6, for the high-range frequency components of the input
1Q signal 1Q, the first MTT filters (WF1a, WF15) 18A and
18B allow the ordinary 1Q signal IQ3 to pass through the
filter. For the middle-range frequency components thereof,
the second MTI filter (WF2) 19 allows the amplitude signal
A3 of the 1Q signal 1Q3 to pass through the filter. For the
low-range frequency components thereof, the third MTI filter
(WF3)20 allows the added signal A12 subjected to the spatial
compound processing to pass through the filter. On the other
hand, the lowest-range frequency components of the IQ sig-
nal IQ which are equal to or lower than the frequency fl are
cut offby each ofthe first MT1 filters (WF1a, WF15) 18A and
18B, the second MTI filter (WF2) 19, and the third MT1 filter
(WF3) 20.

[0091] Such filtering processing allows the motion artifacts
due to the change in the amplitude ofthe speckle pattern to be
removed without removing the blood flow signals. That is to
say, the blood flow moving at a high velocity is a scattering
object which moves at a high speed with a certain distribution.
Accordingly, with respect to the resulting high velocity blood
flow signals, the compound processing cannot suppress the
change in the amplitude. That is to say, the compound pro-
cessing has only a small effect on such a blood flow signal.
Accordingly, for a blood flow signal that results from high
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velocity blood flow, the IQ signal 1Q3 is employed, thereby
providing a blood flow signal which has not been reduced.

[0092] Conversely, for the IQ signal that results from the
blood or tissue moving at a low velocity, the spatial com-
pound processing is used, thereby reducing the speckle pat-
tern. Thus, such an arrangement provides the added signal
A12 that has been subjected to the spatial compound process-
ing, thereby reducing the adverse effects of the motion arti-
facts.

[0093] Ontheother hand, for the IQ signal that results from
the blood or tissue moving at a middle-range velocity, the
amplitude signal A3 without phase information is used. This
processing is not as effective in reducing the speckle pattern
as compared with the spatial compound processing. However,
such processing is capable of reducing the adverse effects of
the motion artifacts without removing the blood flow signal
that results from the blood flow moving at a low velocity.

[0094] As described above, such an arrangement sup-
presses the change in the amplitude of the IQ signal, thereby
returning the clutter signal frequencies, which occur because
the tissue is moving at a low velocity and which extend into
the high-frequency range because of the change in the ampli-
tude due to the speckle pattern, to the low-frequency range
that corresponds to the actual movement velocity of the tis-
sue. Thus, such an arrangement allows the clutter signals to be
effectively removed using the MT1 filters.

[0095] Most of the clutter signals and the amplitude signals
of the clutter signals range from the DC level to the low-
frequency range. Thus, such an arrangement is capable of
detecting the blood flow signal at a low-frequency range
while suppressing occurrence of motion artifacts. That is to
say, such an arrangement is capable of detecting the blood
flow moving at a low velocity while suppressing the adverse
effects of the clutter signals.

[0096] Also, the color Doppler processing system 6 may
have a configuration without a function for generating the
amplitude signal A3 of the IQ signal IQ3 and a function of the
second MTT filter (WF2) 19 for performing the filtering pro-
cessing. While such an arrangement has only the function of
the spatial compound processing, such an arrangement also
provides the advantage of reducing the motion artifact.

[0097] Description has been made with reference to FIG. 3
regarding the configuration of the color Doppler processing
system 6, which has a partitioned reception opening so as to
perform the spatial compound processing for the color Dop-
pler data. Also, as described above, frequency compound
processing, small-angle compound processing, or the like
may be performed for the color Doppler data. Also, an
arrangement may be made having a partitioned transmission
opening so as to perform the spatial compound processing. In
addition, a combination of such multiple kinds of compound
processing may be performed for the color Doppler data.

[0098] In the small-angle compound processing, the
deflection angle is changed in a small range, which is equal to
or smaller than the resolution, so as to acquire two kinds of 1Q
signals 1Q1 and 1Q2, and the amplitude signals A1 and A2 of
the 1Q1 and 1Q2 are added. In the small-angle compound
processing, these two kinds of 1Q signals IQ1 and 1Q2 are
acquired under respective interference conditions that spa-
tially differ from one another, and thus the small-angle com-
pound processing can be seen as a kind of spatial compound
processing. Also, adjacent raster data may be used as the
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aforementioned two kinds of 1Q signals IQ1 and 1Q2. Such an
arrangement also provides spatial compound processing with
a resolution tradeoff.

[0099] On the other hand, frequency compound processing
1s a kind of compound processing in which the difference in
the received frequency is employed as the interference con-
dition.

[0100] FIG.16isadiagram which shows a configuration of
the ultrasonic diagnostic apparatus 1 including the color Dop-
pler processing system 6 shown in FIG. 1, having a function
of performing the frequency compound processing.

[0101] With such an arrangement in which the frequency
compound processing is performed in the color Doppler pro-
cessing system 6, two bandpass filters 30A and 30B are
provided to the reception circuit 4 as shown in FIG. 16. The
mean frequencies set for the bandpass filters 30A and 30B
which allow the respective signals to pass through the filters
are set to be different from one another. With such an arrange-
ment, the received RF signal transmitted from the probe 2 to
the reception circuit 4 is input to these bandpass filters 30A
and 30B. Furthermore, these two bandpass filters 30A and
30B output two kinds of IQ signals IQ1 and 1Q2 which are
transmitted to the color Doppler processing system 6. The
color Doppler processing system 6 adds the amplitude signals
Al and A2 of these two IQ signals IQ1 and 1Q2, thereby
performing frequency compound processing.

[0102] That is to say, the ultrasonic diagnostic apparatus 1
having such a configuration acquires two kinds of IQ signals
under respective interference conditions that differ from one
another in a spatial or frequency manner. These two kinds of
1Q signals are added, and the amplitudes of these two kinds of
1Q signals are added. Then, MT1 filters having respective
properties that differ from one another are applied to the
added 1Q signal and the added amplitude signal thus gener-
ated, thereby generating a Doppler signal while reducing
motion artifacts that result from the change in the amplitude
of the tissue speckle pattern. Furthermore, as necessary, the
ultrasonic diagnostic apparatus 1 applies an MTI filter having
a different property to the amplitude signal of the added IQ
signal obtained by adding these two kinds of IQ signals,
thereby extracting the Doppler signal that correspond to a
predetermined movement velocity while reducing the motion
artifacts.

[0103] Inother words, with such an arrangement, the com-
pound processing is performed for the color Doppler data that
results from the blood flow or tissue moving in a predeter-
mined velocity range. Furthermore, the amplitude signal
thereof is employed as the Doppler signal as necessary.

[0104] With such an arrangement, the ultrasonic diagnostic
apparatus 1 has a relatively simple circuit configuration
which provides a function of performing the compound pro-
cessing, thereby reducing the change in the amplitude of the
speckle pattern. Thus, such an arrangement is capable of
reducing motion artifacts, which are difficult to remove using
another arrangement that uses the amplitude signal. With
such an arrangement, the signal components subjected to the
compound processing are used as the Doppler signal in a low
frequency range. Generally, such an arrangement is capable
of acquiring the blood flow signals in a low-frequency range
while reducing the motion artifacts.

[0105] FIG. 17 is a block configuration diagram which
shows an ultrasonic diagnostic apparatus according to a sec-
ond embodiment of the present invention.
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[0106] In an ultrasonic diagnostic apparatus 1A shown in
FIG. 17, the circuit configurations on the output sides of the
first MTI filters (WF1a, WF15) 18A and 18B, the second MT1
filter (WF2) 19, and the third MTI filter (WF3) 20 differ from
those of the ultrasonic diagnostic apparatus 1 shown in FIG.
1. The other configurations and operations are substantially
the same as those of the ultrasonic diagnostic apparatus 1
shown in FIG. 1. Accordingly, only the circuit configuration
of the color Doppler processing system 6A is shown. The
components in common for both figures are denoted by the
same reference numerals, and description thereof will be
omitted.

[0107] That is to say, in the color Doppler processing sys-
tem 6A of the ultrasonic diagnostic apparatus 1A, a first
velocity/power estimation circuit 40 is connected to the out-
put sides of the first MTI filters (WF1a, WF15) 18A and 18B
as a common component. Furthermore, a first power estima-
tion circuit 41 and a second power estimation circuit 42 are
connected to the output sides of the third MTI filter (MF3) 20
and the second MTI filter (WF2) 19, respectively. Further-
more, each of the output sides of the first velocity/power
estimation circuit 40, the first power estimation circuit 41, and
the second power estimation circuit 42 is connected to the
second velocity/power estimation circuit 43 which is a com-
mon component. The output side of the second velocity/
power estimation circuit 43 is connected to the image display
system 7 which is a downstream system.

[0108] The first velocity/power estimation circuit 40 esti-
mates the velocity signal V1, the variance signal T1, and the
power signal P1 based on the output signals of the first MTI
filters (WF1a, WF1b) 18A and 18B. The first power estima-
tion circuit 41 estimates the power signal P2 based on the
output signal of the second MTI filter (WF2) 19. The second
power estimation circuit 42 estimates the power signal P3
based on the output signal of the third MTT filter (WF3) 20.

[0109] Then, the second velocity/power estimation circuit
43 estimates the velocity signal V, the variance signal T, and
the power signal P, each of which is used in the output signal
ofthe color Doppler system 6 A in the final stage, based on the
velocity signal V1, the variance signal T1, and the power
signal P1 estimated by the first velocity/power estimation
circuit 40, the power signal P2 estimated by the first power
estimation circuit 41, and the power signal P3 estimated by
the power estimation circuit 42.

[0110] The velocity signal V, the variance signal T, and the
power signal P are estimated by the second velocity/power
estimation circuit 43 as follows. That is to say, the velocity
signal V1 and the variance signal T1 estimated by the first
velocity/power estimation circuit 40 are used as the velocity
signal V and the variance signal T in the final stage. Further-
more, in a case in which the difference between the three
power signals P1, P2, and P3 is not large, i.e., in a case in
which the difference between the power signals P1, P2, and
P3 is equal to or smaller than a predetermined value, the
power signal P1 estimated by the first velocity/power estima-
tion circuit 40 is used as the power signal P in the final stage.
On the other hand, in a case in which the power signal (P1, P2,
and P3) increases according to an increase in the frequency
components thereof, i.e., in a case of P1>P2>P3, the power
signal P is calculated by performing weighting addition of the
three power signals P1, P2, and P3 as represented by a fol-
lowing equation (3), and the power signal P thus obtained is
output.

P=aP1+bP2+cP3 3)
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[0111] Here, each of a, b, and c represents a weighting
coefficient, and satisfies the condition a=b=c.

[0112] As described above, the second velocity/power esti-
mation circuit 43 outputs the velocity signal V, the variance
signal T, and the power signal P which is obtained by per-
forming the weighting addition of the power signals P1, P2,
and P3 as necessary based on the relation among the three
power signals P1, P2, and P3. These weighting coefficients
are set to those which effectively reduce the motion artifacts
in the color Doppler image.

[0113] Theimage display system 7 is capable of displaying
the color Doppler image in various display formats. In gen-
eral, examples of the display formats for a color Doppler
image include: a display format in which only the power
signal P is displayed; a display format in which only the
velocity signal V is displayed; and a display format in which
the velocity signal V and the variance signal T are displayed.
In a case of a display format for a color Doppler image in
which only the power signal P is displayed, the power signal
P may be displayed as it is. Alternatively, in this case, an
arrangement may be made in which a lower threshold is set
for the power signal P, and threshold processing is performed
so as to cut off the noise-level signals, following which the
power signal P is displayed. On the other hand, in a case of a
display format for a color Doppler image in which only the
velocity signal V is displayed, or in a case of a display format
in which the velocity signal V and the variance signal T are
displayed, the lower thresholds are set for the power signal P
and the velocity signal V. With such an arrangement, in a case
in which either the power signal P or the velocity signal V is
equal to or smaller than the corresponding lower threshold,
the color display is not performed.

[0114] With such an arrangement, weighting addition of
the power signals P1, P2, and P3 is performed using the
weighting coeflicients a, b, and ¢ which are determined based
on the values of the three power signals P1, P2, and P3 so as
to effectively remove motion artifacts from a color Doppler
image.

[0115] As described above, the ultrasonic diagnostic appa-
ratus 1A is capable of performing complex signal processing
by adjusting the weighting coefficients a, b, and ¢ which are
variable parameters, in addition to the advantages ofthe ultra-
sonic diagnostic apparatus 1 shown in FIG. 1.

[0116] FIG. 18 is a block configuration diagram which
shows an ultrasonic diagnostic apparatus according to a third
embodiment of the present invention.

[0117] In an ultrasonic diagnostic apparatus 1B shown in
FIG. 18, the circuit configuration of a color Doppler process-
ing system 6B differs from that included in the ultrasonic
diagnostic apparatus 1 shown in FIG. 1. The other configu-
rations and operations are substantially the same as those of
the ultrasonic diagnostic apparatus 1 shown in FIG. 1.
Accordingly, only the circuit configuration of the color Dop-
pler processing system 6B is shown. The components in
common for both figures are denoted by the same reference
numerals, and description thereof will be omitted.

[0118] The color Doppler processing system 6B of the
ultrasonic diagnostic apparatus 1B includes six fourth MTI
filters (WFda, WF4b, WFdc, WF4d, WFde, WEF4f) 50A, 50B,
50C. 50D, S50E, and 50F, a third velocity/power estimation
circuit 51, a fourth velocity/power estimation circuit 52, a
fifth velocity/power estimation circuit 53, and a weighting
addition circuit 54, in addition to the buffer circuit 10, the first
adder 14, and the second adder 15. The first adder 14, the
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second adder 15, and the four fourth MTI filters (WF4a,
WF4b, WE4c, WF4d) 50A, 50B, 50C, and 50D are connected
to the output side of the buffer circuit 10.

[0119] It should be noted that the I signal I1 that corre-
sponds to the first channel through the N/2'th channel is input
to the fourth MTT filter (WF4a) 50A from the opening 1 via
the buffer circuit 10. The Q signal Q1 that corresponds to the
first channel through the N/2'th channel is input to the fourth
MTI filter (WF4b) 50B from the opening 2 via the buffer
circuit 10. The T signal 12 that corresponds to the (N/2+1)'th
channel through the N'th channel is input to the fourth MTI
filter (WF4¢)50C from the opening 1 via the buffer circuit 10.
The Q signal Q2 that corresponds to the (N/2+1)'th channel
through the N'th channel is input to the fourth MTI filter
(WF4d) 50D from the opening 2 via the buffer circuit 10.
Furthermore, the first adder 14 receives via the buffer circuit
10 the I signal I1 from the opening 1 that corresponds to the
first channel through the N/2'th and the T signal 12 from the
opening 2 that corresponds to the (N/2+1)'th channel through
the N'th channel. Moreover, the second adder 15 receives via
the buffer circuit 10 the Q signal Q1 that corresponds to the
first channel through the N/2'th channel and the Q signal Q2
that corresponds to the (N/2+1)'th channel through the N'th
channel.

[0120] The firstadder 14 adds the I signals I1 and 12 output
from the openings 1 and 2. Accordingly, the first adder 14
outputs the I signal 13 output from the entire opening. Simi-
larly, the second adder 15 adds the Q signals Q1 and Q2
output from the openings 1 and 2. Accordingly, the second
adder 15 outputs the Q signal Q3 output from the entire
opening. Furthermore, the output sides of the first adder 14
and the second adder 15 are connected to the corresponding
fourth MTT filters (WF4e, WF4f) 50E and 50F. Accordingly,
these two fourth MTT filters (WF4e, WF4f) S0E and 50F
receive the I signal I3 and the Q signal Q3 output from the
entire opening, respectively.

[0121] That is to say, the fourth MT1 filters (WF4a, WF4b)
50A and SOB correspond to the opening 1. The fourth MTI
filters (WF4c, WF4d) 50C and 50D correspond to the opening
2. The fourth MT1 filters (WF4e, WF4F) 50E and 50F corre-
spond to the entire opening. Each of the fourth MTTI filters
(WF4a, WE4b, WE4c, WE4d, WEF4e, WF4f) 50A, SOB, 50C,
50D, 50E, and 50F has properties similar to those of conven-
tional MTT filters. That is to say, each of the fourth MTT filters
(WF4a, WE4b, WF4c, WE4d, WEde, WF4f) 50A, SOB, 50C,
50D, 50E, and 50F removes the frequency components of the
input signal which are equal to or smaller than a predeter-
mined value as clutter signals, thereby extracting the blood
flow signals.

[0122] Furthermore, the output sides of the two fourth MTI
filters (WF4a, WF4b) 50A and SOB that correspond to the
opening 1 are connected to the fifth velocity/power estimation
circuit 53 which is a common component. The output sides of
the two fourth MTI filters (WF4¢, WE4d) 50C and 50D that
correspond to the opening 2 are connected to the fourth veloc-
ity/power estimation circuit 52 which is a common compo-
nent. The output sides of the two fourth MTT filters (WF4e,
WF4f) 50E and 50F that correspond to the entire opening are
connected to the third velocity/power estimation circuit 51
which is a common component.

[0123] The third velocity/power estimation circuit 51 esti-
mates the velocity signal V1, the variance signal T1, and the
power signal P1based on the blood flow signal thus input. The
fourth velocity/power estimation circuit 52 estimates the
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velocity signal V2, the variance signal T2, and the power
signal P2 based on the blood flow signal thus input. The fifth
velocity/power estimation circuit 53 estimates the velocity
signal V3, the variance signal T3, and the power signal P3
based on the blood flow signal thus input. These signals thus
estimated are output to the weighting addition circuit 54.
[0124] That is to say, the color Doppler processing system
6B of the ultrasonic diagnostic apparatus 1B estimates the
velocity signals V1, V2, and V3, the variance signals T1, T2,
and T3, and the power signals P1, P2, and P3, based on the
blood flow signals obtained by applying the fourth MTI filters
(WFda, WE4b, WFdc, WFdd, WFde, WF4f) 50A, SOB, 50C,
50D, 50E, and 50F to the corresponding IQ signals IQ1, 1Q2,
and 1Q3 output from the opening 1, the opening 2, and the
entire opening.

[0125] The weighting addition circuit 54 performs weight-
ing addition of the velocity signals V1, V2, and V3, the
variance signals T1, T2, and T3, and the power signals P1, P2,
and P3, that correspond to the opening 1, the opening 2, and
the entire opening, as represented by a following equations
(4-1), (4-2), and (4-3), thereby obtaining the velocity signal V,
the variance signal T, and the power signal P to be displayed
in the form of a color Doppler image in the final stage.

P=a1P1+b1P2+c1P3 (1)
V=a2V14b2V2+c2V3 2
T=43T1+b3T2+¢3T3 (-3)

[0126] Theweighting coefficients to beused for the weight-
ing addition can be obtained in the same way as with the
weighting coefficients a, b, and ¢ used in the ultrasonic diag-
nostic apparatus 1A according to the second embodiment
shownin FIG. 17. Thatis to say, the weighting coefficients al,
bl, cl, a2, b2, ¢2, a3, b3, and c3, are set to values which
effectively reduce motion artifacts in a color Doppler image,
based on the velocity signals V1, V2, and V3, the variance
signals T1, T2, and T3, and the power signals P1, P2, and P3.
[0127] Description has been made regarding the ultrasonic
diagnostic apparatus 1 according to the first embodiment with
reference to FIG. 1, and the ultrasonic diagnostic apparatus
1A according to the second embodiment with reference to
FIG. 2, each of which performs the compound processing by
adding the amplitudes of the IQ signals before the input
thereof to the MTI filters. Also, like the ultrasonic diagnostic
apparatus 1B shown in FIG. 18, an arrangement may be made
in which the velocity signals V1, V2, and V3, the variance
signals T1, T2, and T3, and the power signals P1, P2, and P3
are estimated by simply applying conventional MTT filters to
the corresponding IQ signals 1Q1, 1Q2, and 1Q3 output from
the opening 1, the opening 2, and the entire opening, and the
averages or weighting additions of the velocity signals V1,
V2, and V3, the variance signals T1, T2, and T3, and the
power signals P1, P2, and P3 thus estimated are used as the
velocity signal V, the variance signal T, and the power signal
P which are used as the data to be displayed on the monitor §.
That is to say, each of the addition of the velocity signals V1,
V2, and V3, the addition of the variance signals T1, T2, and
T3, and the addition of the power signals P1, P2, and P3 is an
incoherent calculation, thereby providing the advantage of
reducing the speckle pattern.

[0128] With the ultrasonic diagnostic apparatus 1B having
such functions, the weighting coefficients, each of which is a
variable parameter, can be set for the velocity signals V1, V2,
and V3, and the variance signals T1, T2, and T3, in addition to
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the power signals P1, P2, and P3. Thus, such an arrangement
allows the user to perform fine control operations. For
example, an arrangement may be made in which, in a case of
P1>P2>P3, the weighting coefficients for the power signal
P3. the velocity signal V3, and the variance signal T3 that
correspond to the entire opening are increased.

[0129] As an example of a modification of the ultrasonic
diagnostic apparatus 1B shown in FIG. 18, an arrangement
may be made in which the power signals P1, P2, P3 and
self-correlation functions are calculated for the opening 1, the
opening 2, and the entire opening, instead of calculating the
velocity signals V1, V2, and V3, and the variance signal T1,
T2, and T3. Furthermore, the velocity signal V and the vari-
ance signal T are calculated in the final stage by performing
weighting addition of the self-correlation functions using the
weighting coefficients determined based on the power signals
P1, P2, and P3. With such an arrangement, the power signal P
is obtained by performing weighting addition of the power
signals P1, P2, and P3.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

anIQ signal acquiring unit configured to acquire a plurality
of groups including an ultrasonic reception 1Q signal,
under respective interference conditions that differ from
one another;

a signal generating unit configured to generate an added
signal by adding the groups, and to generate an added
amplitude signal by adding the amplitudes of the groups;

a first Doppler signal extracting unit configured to extract a
first Doppler signal that corresponds to motion from the
added signal; and

a second Doppler signal extracting unit configured to
extract a second Doppler signal having a property that
differ from the property of the first Doppler signal,

wherein the first Doppler signal extracting unit and the
second Doppler signal extracting unit are configured so
as to extract the first Doppler signal and the second
Doppler signal respectively while reducing an artifact
due to tissue motion.

2. An ultrasonic diagnostic apparatus according to claim 1,
wherein the second Doppler signal extracting unit is config-
ured so as to extract the second Doppler signal by using a filter
having a property passing only signal, acquired in case that a
motion velocity of the tissue is not zero and is lower than a
predetermined velocity, as a part of the added amplitude
signal such as an input signal,

and wherein the first Doppler signal extracting unit is con-
figured so as to extract the first Doppler signal by using
a filter having a property passing only signal, acquired in
case that the motion velocity of the tissue is larger than
the predetermined velocity, as a part of the added signal
such as the input signal.

3. An ultrasonic diagnostic apparatus according to claim 1,
wherein the first Doppler signal extracting unit and the second
Doppler signal extracting unit are configured so as to perform
a weighting addition of a power signal of the first Doppler
signal and a power signal of the second Doppler signal
respectively using weighting factors determined based on
comparison results obtained by making a comparison
between the power signal of the first Doppler signal and the
power signal of the second Doppler signal.

4. An ultrasonic diagnostic apparatus according to claim 1,
wherein the IQ signal acquiring unit is configured so as to
acquire the groups including an ultrasonic reception 1Q signal
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by using atleast one of adifference of a transmission opening,
adifference of a reception opening, a difference of a scanning
position changed by a scanning position changing unit, and a
difference of a reception filter having a frequency property.
5. An ultrasonic diagnostic apparatus comprising:
an IQ signal acquiring unit configured to acquire a plurality
of groups including an ultrasonic reception 1Q signal,
under respective interference conditions that differ from
one another;

a Doppler signal detecting unit configured to detect a plu-
rality of groups including a Doppler signal based on the
groups including the ultrasonic reception IQ signal in
every group; and

an estimating unit configured to calculate based on the
groups including a Doppler signal at least one of groups
including a self-correlation function, groups including a
blood flow velocity, and groups including a variance in
the blood flow, and groups including a blood flow power
signal in every group, and to estimate at least one of a
single blood flow velocity, a single blood flow variance,
and a single blood flow power signal by performing an
addition or a weighting addition of the calculation
results thus calculated.

6. An ultrasonic diagnostic apparatus according to claim 5,

wherein the 1Q signal acquiring unit is configured so as to
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acquire the groups including an ultrasonic reception IQ signal
by using at least one ofa difference of a transmission opening,
adifference of areception opening, a difference ofa scanning
position changed by a scanning position changing unit, and a
difference of a reception filter having a frequency property.

7. An ultrasonic diagnostic apparatus comprising:

an Q) signal acquiring unit configured to acquire a plurality
of groups including an ultrasonic reception 1Q signal,
under respective interference conditions that differ from
one another;

a Doppler signal detecting unit configured to detect a plu-
rality of groups including a Doppler signal based on the
groups including the ultrasonic reception 1Q signal in
every group; and

an estimating unit configured to estimate a blood flow
signal to be output based on the groups including the
Doppler signal.

8. An ultrasonic diagnostic apparatus according to claim 7,
wherein the IQ signal acquiring unit is configured so as to
acquire the groups including an ultrasonic reception IQ signal
by using at least one of a difference of a transmission opening,
adifference of areception opening, a difference of a scanning
position changed by a scanning position changing unit, and a
difference of a reception filter having a frequency property.
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