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Anultrasonic diagnostic apparatus includes a data acquisition
unit, a correction unit and a display unit. The data acquisition
unit acquires phase signals as Doppler data from a moving
object in an object by transmitting and receiving ultrasonic
waves to and from the object. The correction unit performs
global aliasing correction processing of the phase signals
based on a continuity in a two-dimensionally phase change.
The display unit displays phase signals after the aliasing
correction processing.
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ULTRASONIC DIAGNOSTIC APPARATUS,
ULTRASONIC DIAGNOSTIC METHOD AND
DATA PROCESSING PROGRAM FOR
ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus, an ultrasonic diagnostic method and a data
processing program for ultrasonic diagnostic apparatus that
generate and display a B mode image which is tissue infor-
mation of an object and a color Doppler image which is
motion information of blood and tissues by transmission and
reception of ultrasonic waves, and more particularly, to an
ultrasonic diagnostic apparatus, an ultrasonic diagnostic
method and a data processing program for ultrasonic diag-
nostic apparatus that correct aliasing of velocities in a color
Doppler image.

[0003] 2. Description of the Related Art

[0004] Thecolor Doppler method in ultrasonic diagnosis is
amethod to irradiate ultrasonic waves in a living body in the
same direction plural times and to extract blood flow infor-
mation such as a velocity, a power and a dispersion of blood
flow by Doppler effect.

[0005] Inthe color Doppler method, signals corresponding
to slow-moving from tissues are suppressed by firstly apply-
ing a high pass filter (HPF) called a moving target indication
(MTT) filter to plural ultrasonic reception signals from the
same point. Note that, in the case of observing a moving
velocity of not a blood flow but a tissue, the MTI filter is not
necessary. Next, the reception signals passing through the
MTI filter are applied to an autocorrelator. Then, a power, a
dispersion and a velocity of a moving object such as a blood
flow and the like are calculated from the output signals of the
autocorrelator.

[0006] Here, when the velocity exceeds the aliasing veloc-
ity, aliasing phenomenon occurs. This derives from the fact
that the phase obtained for calculation of a power, a disper-
sion and a velocity can become only a value in the range of -rt
to +7. Thatis, when the velocity exceeds the aliasing velocity,
the phase is folded from +sm to —m. This is a limit under the
sampling theorem. In a color Doppler image, colors change
when the velocity exceeds the aliasing velocity. Therefore,
there is a possibility that the observation becomes difficult
and diagnosis of a blood flow direction is failed.

[0007] The conventional color Doppler ultrasonic diagnos-
tic apparatus has a function called zero shift. The function
changes the phase range of =t to +m into the phase range of 0
to +2x. This allows observing a blood flow velocity in a
direction toward an ultrasonic beam up to twice the aliasing
velocity. However, the function can be used only under the
condition of no blood flow in a direction away from an ultra-
sonic beam. That is to say, even if the zero shift is performed,
an observable velocity range is 2 7.

[0008] A staggered pulse method is a method to measure a
phase exceeding 2m which is a limit under the sampling
theorem (for example, refer to the patent documents 1, 2 and
3). The staggered pulse method is put to practical use in the
field of radar, however, still not in the field of ultrasonic
diagnostic apparatus. The reason is that phase interference
called speckle occurs in an ultrasonic reflection echo and a
second-order subtraction of a phase cannot be observed sta-
bly.
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[0009] Further, the technology to expand a velocity
dynamic range (an aliasing velocity/a detectable low flow
velocity) with keeping a phase detection range 27t by improv-
ing low flow velocity detectability is devised (for example,
refer to the patent document 4). However, this technology is
not to increase an aliasing velocity.

[0010] On the other hand, there is unwrap as a method to
detect a phase exceeding 27, by assuming a continuity of
phase change.

[0011] FIG. 1isadiagram explaining unwrap processing in
the conventional ultrasonic diagnostic apparatus.

[0012] In (a) and (b) of FIG. 1, each abscissa denotes a
position and each ordinate axis denotes a phase of signal.
[0013] The unwrap is a method in which an occurrence of
an aliasing is recognized in case where a phase of the current
point is a positive phase and a phase of the adjacent point is a
negative phase so that a difference between both the phases is
approximate 2, and a value derived by adding 2m to the phase
of the adjacent point is regarded as a new phase value of the
adjacent point.

[0014] Therefore, as shown in FIG. 1 (a), the observed
signals of which phases are folded in the range of -t to +mare
corrected to signals having a continuity as shown in FIG. 1 (4)
by unwrap processing.

[0015] However, the unwrap processing can be performed
only as one-dimensional processing basically. Therefore,
when the unwrap processing is performed on the line in the
interval direction, points to which wrong aliasing correction
is performed due to a noise may appear. As mentioned above,
when wrong aliasing correction is performed, the phase sifts
by 2xt from each point to which the wrong aliasing correction
is performed. For this reason, a two-dimensional image like
with codes may be generated.

[0016] The method to perform local unwrap processing
two-dimensionally using a two-dimensional velocity distri-
bution is devised as a measure to the problem as mentioned
above (for example, refer to the patent document 5). The
method to perform a local unwrap processing is a method to
define points, on each of which a round integration value of
gradient of a phase is not 0, containing a point in a two-
dimensional space, as residues and to select a route so that the
residues are avoided.

[0017] However, the conventional method to perform the
local unwrap processing two-dimensionally has a problem
that it takes a long time to calculate for a complicated pro-
cessing. Further, there is a problem that the points to avoid the
residues become image to be visible awkwardly in the case
where the number of the residues is many. Additionally, there
is a problem that unwrap may become impossible due to a
robustness problem.

[0018] [Patent Document 1]

[0019] Japanese Publication of Patent Application No.
4-197249

[0020] [Patent Document 2]

[0021] Japanese Publication of Patent Application No.
4-197250

[0022] [Patent Document 3]

[0023] Japanese Publication of Patent Application No.
4-278864

[0024] [Patent Document 4]

[0025] Japanese Publication of Patent Application No.

2005-176997
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[0026] [Patent Document 5]
[0027] United States Patent Application Publication No.
US 2007/0066896

SUMMARY OF THE INVENTION

[0028] The present invention has been made in light of the
conventional situations, and it is an object of the present
invention to provide an ultrasonic diagnostic apparatus, an
ultrasonic diagnostic method and a data processing program
for ultrasonic diagnostic apparatus which make it possible to
perform aliasing correction of acquired velocity data more
satisfactorily and stably by reducing influence of noise in
imaging under the color Doppler method.

[0029] The present invention provides an ultrasonic diag-
nostic apparatus comprising: a data acquisition unit config-
ured to acquire phase signals as Doppler data from a moving
object in an object by transmitting and receiving ultrasonic
waves to and from the object; a correction unit configured to
perform global aliasing correction processing of the phase
signals based on a continuity in a two-dimensionally phase
change; and a display unit configured to display phase signals
after the aliasing correction processing, in an aspect to
achieve the object.

[0030] The present invention also provides an ultrasonic
diagnostic method comprising: acquiring phase signals as
Doppler data from a moving object in an object by transmit-
ting and receiving ultrasonic waves to and from the object;
performing global aliasing correction processing of the phase
signals based on a continuity in a two-dimensionally phase
change; and displaying phase signals after the aliasing cor-
rection processing, in an aspect to achieve the object.

[0031] The present invention also provides a data process-
ing program, for ultrasonic diagnostic apparatus, causing a
computer to function as: a correction unit configured to
acquire phase signals acquired from a moving object in an
object by transmitting and receiving ultrasonic waves to and
from the object and perform global aliasing correction pro-
cessing of the phase signals based on a continuity in a two-
dimensionally phase change; and an image data generating
unit configured to generate image data for displaying using
phase signals after the aliasing correction processing, in an
aspect to achieve the object.

[0032] The ultrasonic diagnostic apparatus, the ultrasonic
diagnostic method and the data processing program for ultra-
sonic diagnostic apparatus as described above make it pos-
sible to perform aliasing correction of acquired velocity data
more satisfactorily and stably by reducing influence of noise
in imaging under the color Doppler method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] In the accompanying drawings:

[0034] FIG.1isadiagram explaining unwrap processing in
the conventional ultrasonic diagnostic apparatus;

[0035] FIG. 2 is a block diagram showing an ultrasonic
diagnostic apparatus according to an embodiment of the
present invention;

[0036] FIG. 3 is a flowchart showing an example of proce-
dure for aliasing correction processing of phase signals in the
aliasing correction unit shown in FIG. 2;

[0037] FIG. 4is a diagram explaining the principle of alias-
ing correction processing of the phase signals in the aliasing
correction unit shown in FIG. 2; and
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[0038] FIG. 5 is a set of images for comparing a color
Doppler image generated based on the phase signals after the
aliasing correction by the ultrasonic diagnostic apparatus
shown in FIG. 2 with a color Doppler image generated based
on the phase signals before the aliasing correction.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] An ultrasonic diagnostic apparatus, an ultrasonic
diagnostic method and a data processing program for ultra-
sonic diagnostic apparatus according to embodiments of the
present invention will be described with reference to the
accompanying drawings.

(Configuration and Function)

[0040] FIG. 2 is a block diagram showing an ultrasonic
diagnostic apparatus according to an embodiment of the
present invention.

[0041] The ultrasonic diagnostic apparatus 1 is a color
Doppler ultrasonic diagnostic apparatus configured to mea-
sure a moving velocity of a moving object such as red blood
cells and a tissue moving in an object like a living body by
transmission and reception of ultrasonic waves to and from
the object with using a phase shift and to display the measured
two-dimensional velocity distribution of the object.

[0042] Forthat purpose, the ultrasonic diagnostic apparatus
1 includes a transmission circuit 2, an ultrasonic probe 3, a
reception circuit 4, a B mode processing system 5, a color
Doppler processing system 6, an aliasing correction unit 7, a
coordinate conversion unit 8, an image composition unit 9, a
monitor 10 and a control system 11. Each element of the
ultrasonic diagnostic apparatus 1 can be configured by a
circuit or a computer into which program is read. For
example, a data processing system which generates image
data using pieces of data output from the B mode processing
system 5 and the color Doppler processing system 6 as pieces
of processing target data respectively by reading a data pro-
cessing program of an ultrasonic diagnostic apparatus into a
computer is put to practical use. In this case, the aliasing
correction unit 7, the coordinate conversion unit 8 and the
image composition unit 9 are configured by the computer into
which a data processing program is read.

[0043] The transmission circuit 2 has a function to apply
transmission signals to the ultrasonic probe 3. The ultrasonic
probe 3 has plural ultrasonic transducers. The ultrasonic
probe 3 has a function to convert the transmission signals
applied from the transmission circuit 2 into ultrasonic signals
using the respective ultrasonic transducers to transmit the
ultrasonic signals to an object not shown in the figure. In
addition, the ultrasonic probe 3 has a function to receive
ultrasonic reflected signals which is generated in an object to
convert the received ultrasonic reflected signals into reception
signals and to output the reception signals to the reception
circuit 4. The reception circuit 4 has a function to perform a
required signal processing including a phasing-and-adding
processing of the reception signals obtained from the ultra-
sonic probe 3 and to output a reception signal for generating
a B mode image to the B mode processing system 5, mean-
while, to output a reception signal for generating a color
Doppler image displaying a two-dimensional blood flow
velocity to the color Doppler processing system 6. The B
mode processing system 5 has a function to generate B mode
image data by performing a B mode image generation pro-
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cessing of the reception signal for generating the B mode
image obtained from the reception circuit 4 and to output the
generated B mode image data to the coordinate conversion
unit 8.

[0044] The color Doppler processing system 6 has a func-
tion to generate color Doppler image data including velocity
signals, phase signals, powers signal and dispersion signals of
amoving component such as a blood flow by a color-Dopplet-
image-generation processing of the reception signals for gen-
erating a color Doppler image obtained from the reception
circuit 4 and to output the generated color Doppler image data
to the aliasing correction unit 7.

[0045] The color Doppler processing system 6 includes a
HPF called a MTI filter, an autocorrelator and a velocity/
dispersion/power calculator. Note that, in the case of observ-
ing a moving velocity of not a blood flow but a tissue, the MTI
filter is not necessary. The MTI filter of the color Doppler
processing system 6 has a function to suppress slow-moving
signals from a tissue by applying the HPF with the reception
signals for generating a color Doppler image obtained from
the reception circuit 4 and to extract moving signals which are
reception signals from moving components. The autocorrela-
tor of the color Doppler processing system 6 has a function to
calculate intermediate signals for calculating power signals P,
dispersion signals T, velocity signals V and phase signals ¢ of
moving component such as a blood flow as color Doppler
image data based on the moving signals extracted by the MTI
filter.

[0046] The autocorrelator performs the processing as
shown in equation (1-1) and equation (1-2). That is, when an
output signal train of the MTT filter is denoted by x(1), x(2),
x(3), .. ., x(n), signals c0, c1 are output from the autocort-
elator. Note that, * represents the complex conjugate number
in equation (1-1) and equation (1-2).

1, -1
0= EZx k)x(k)

k=1

n-1 1-2
el = LZx*(k)x(k +1) -2

"_1/(:1

[0047] The velocity/dispersion/power calculator of the
color Doppler processing system 6 has a function to calculate
apower signal P, a dispersion signal T, a velocity signal V and
a phase signal ¢ of moving component with equation (2-1),
equation (2-2), equation (2-3), equation (2-4) and equation
(2-5). Notethat, m, C, PRF, f0, Re () Im ( ) and atan2 () denote
a reference value, a sound velocity, a pulse repetition fre-
quency in a same direction, a reception frequency, a function
for extracting the real part, a function for extracting the imagi-
nary part and a function for calculating an angle from - to +m
respectively.

P=10 log, o(c0/m) 2-D
e -2

T=1- -

vev .2 (2-3)
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[0048] wherein
f=atan2(Im(cl),Re(cl)) (2-4)
_ C-PRF (2-5)
T
[0049] When the velocity signal V shown in equation (2-3)
exceeds a fold velocity V.., aliasing is produced.
[0050] For that reason, the aliasing correction unit 7 has a

fanction to obtain color Doppler image data from the color
Doppler processing system 6, to perform aliasing correction
by a global, i.e. not local, unwrapping processing of the phase
signal ¢ calculated with equation (2-4) based on a continuity
of two-dimensional phase variation and to output the color
Doppler image data after aliasing correction processing to the
coordinate conversion unit §.

[0051] Note that, the word “velocity” is often used as infor-
mation displayed as a color Doppler image generally. How-
ever, a “velocity” is expressed by equation (2-3) precisely and
the information displayed as a color Doppler image is gener-
ally a “phase” expressed by equation (2-4). Therefore, the
information displayed as a color Doppler image is explained
as a “phase” here.

[0052] The function equipped in the aliasing correction unit
7 can be realized by a software processing with reading a
program into a devise such as a CPU (Central Processing
Unit), a DSP (Digital Signal Processor) or a GPU (Graphics
Processing Unit), a processing with a hardware like a circuit
using an ASIC (Application Specific Integrated Circuit), a
FPGA (Field Programmable Gate Array) or an Integrated
Circuit or a processing combining the software processing
with the hardware processing.

[0053] Specifically, the aliasing correction unit 7 has a
fanction to perform a processing to calculate phase signals ©
[1, ] without aliasing from phase signals ¢ [1, j] with aliasing
according to the following procedure.

[0054] FIG. 3 is a flowchart showing an example of proce-
dure for aliasing correction processing of phase signals in the
aliasing correction unit 7 shown in FIG. 2. Reference numer-
als each having a number added to reference symbol S denote
steps in the flowchart shown in FIG. 3.

[0055] First, in step S1, the phase signals ¢ [i, j] calculated
with equation (2-4) by observing is to be input signals, and a
gradient Ax[i, j] of the phase signals ¢ [i, j] in the x direction
and a gradient A y[i, j] of the phase signals ¢ [i, j] in the y
direction are calculated with equation (3). Note that, in equa-
tion (3), W(¢) is a wrap function which folds phase signals ¢
in the range of —m to +7t. Here, a processing for folding a phase
in the range of -7 to +m is called wrap.

AX[i, jl= Q)
{W(¢[i+l, -0l ), (0<i<M-2 0<j<N-1)
0, otherwise
Wi, j+11-¢[i, jI), (0=i=sM-1 0<j<N-2)
Ay[i, j] ={ )
0, otherwise
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[0056] Next, in step S2, two-dimensional Laplacians d[i, j]
are calculated from the gradient Ax[i, j] of the phase signals ¢
[i, j] in the x direction and the gradient Ay[i, j] of the phase
signals ¢ [1, j] in the y direction by equation (4).

AL ]-Axfi= LD+ Ay fij]-Ay [ij-1]) )
[0057] Next, in step S3, as shown in equation (5), D[k, p]

are calculated by a two-dimensional discrete cosine transfor-
mation of the two-dimensional Laplacians d[i, j].

M-1N-1 (5)
4d[i. j]cos —k 20+ 1)}005{—p(2/ + 1)}
i=0 j=0 w

[0058] Next, in step S4, D' [k, p] are calculated by applying
a filter with the D[k, p] using a calculation shown in equation

6).

, _ DIk, p] (©)
Dmm‘{_T__ET_
2cos— +cos— -2
N
[0059] Next, in step S5, as shown in equation (7),

unwrapped phase signals © [i, j] can be calculated as output
signals by a two-dimensional discrete inverse cosine trans-
formation of the D' [k, p]. Note that, here, a processing for
restoring phase signals ® wrapped in the range of - to +x to
original phase signals O is called unwrap.

1 @]

=

wikwa(p)D'[k, p]»os{

U2 p=0)
wa(p) = L (=D

k(2i+ l)}cos{—plZ} + 1)}

1/2, (m=0)

wherein wy (k) = { L =D
, (m=z

[0060] Next, effect by the above-mentioned processing will
be described.
[0061] FIG. 4is a diagram explaining the principle of alias-

ing correction processing of the phase signals in the aliasing
correction unit 7 shown in FIG. 2.

[0062] In (a)and (b) of FIG. 4, each abscissa axis denotes
position and each ordinate axis denotes phase. FIG. 4 (a)
shows the wrapped phase signals ¢ having an aliasing and
FIG. 4 (b) shows signals derived by wrapping the spatially
differentiation result of the wrapped phase signals ¢ shown in
FIG. 4 (a) into a range of -z to +.

[0063] As shown in FIG. 4 (a), when a phase of data A is
n-AX, a phase of data B is w and a phase of data C is w+Ax, the
data C is folded to data C' having a phase of -m+Ax. As
mentioned above, even if an aliasing is generated in the
observed phase signals ¢, the values obtained by wrapping the
result of differentiating the phase signals ¢ with regard to
space in the range of -7 to +m are equal to the values obtained
by differentiating the unwrapped phase signals ® without an
aliasing with regard to space, as shown in FIG. 4 (5).

[0064] That is, as shown in equation (8), a wrap value
W(A¢) of difference value A¢ between the phase  of data B
observed practically and the phase —m+Ax of folded data C' by
the wrap function W becomes Ax.

WAG)=W{ (~+Ax)—7u }=TW(-2m+Ax)=Ax (8)
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[0065] Tt is found that the wrap value W(A¢) difference
value A¢ between the phase m of data B observed practically
and the phase —m+Ax of folded data C' by the wrap function W
is equal to the difference value between the phase m of data B
observed practically and the phase w+Ax of data C from
equation (8).

[0066] For that reason, as shown in equation (3), spatial
differences of the wrapped phase signals ¢ [1, j] are calculated.
Equation (4) represents the spatial Laplacians. Then, Poisson
equation which is expressed in a partial differential equation
shown in equation (9) is established.

PO 40 ©)
3 0_2_

[0067] From equation (9), To calculate a distribution of the
true unwrapped phase signals © comes down to resolve Neu-
mann’s boundary condition in a discrete Poisson equation.
The solution methods thereof include a speed-up technique
by a spectrum method. The speed-up technique by the spec-
trum method corresponds to processing of step S3, step S4
and step S5 in FIG. 3 described above.

[0068] An effect to perform integration can be obtained on
the spatial axis by a filter operation on the frequency axis
shown as the division by the denominator shown in equation
(6). Therefore, when an inverse cosine transformation shown
in equation (7) is performed to the signals after the division
processing of equation (6), unwrapped phase signals © can be
calculated.

[0069] The above described aliasing correction (unwrap)
processing by a method of least squares minimizing square
errors between data obtained by folding the gradients Ax, Ay
of two-dimensional distribution of the phase signals ¢ and the
gradients of two-dimensional distribution of the phase signals
© after the aliasing correction processing becomes a process-
ing for unwrapping not locally but globally. Therefore, by the
unwrap processing shown in FIG. 3, the phase signals ©
optimized in the whole of space are output so that each square
error becomes minimum.

[0070] Note that, the spectrum method as a solution method
of the partial differential equation as shown by equation (9)
includes amethod with using a discrete Fourier transform and
a discrete inverse Fourier transform and a method with using
adiscrete sine transform and a discrete inverse sine transform
other than the method described above. Therefore, the
unwrapped phase signals ® may be obtained with each of the
methods mentioned above.

[0071] Though the unwrap processing of the phase signals
¢ to calculate the unwrapped phase signals © by equation (3)
to equation (7) described above is calculation processing with
setting weights of the phase signals ¢ in respective points in
the observed phase signal distribution as equal, it can be also
performed with arbitrary weights. The unwrap processing by
a weighted least squares method which adds weighting to a
calculation under a least squares method can be performed
according to the following procedure.

[0072] Suppose the phase vector after unwrapping is 0 hav-
ing a size MN, the difference value vector of the observed
phase signals ¢ is b having a size 2 MN, the Laplacian matrix
is P=ATA using the matrix A having 2 MN rows and MN
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columns and the weighting matrix is W having 2 MN rows
and 2 MN columns, then equation (10) can be yielded.

ATWIWA=ATWTWD (10

[0073] The equation (10) cannot be solved directly, how-
ever, can be solved by calculating equation (11) repeatedly.

PO, =ATW W4T W Wa-474)0, (1n

[0074] Note that, the difference value vector b of the
observed phase signals ¢ in equation (11) is equivalent to a
one-dimensional vector in equation (3) in which the gradients
Ax in the x direction or the gradients Ay in the y direction of
the phase signals ¢ are arranged. Therefore, the size of the
difference value vector b becomes 2 MN and the difference
value vector b can be calculated by equation (12).

Ax[i, jl, i=mod(k, M), j=floor (k/N), (12)
O<k<MN
b(k) = S . ,
Ayli, jl, i=mod(k, M), j = floor (k—MN)/N),
MN <k <2MN
[0075] Inequation (11), the weighting matrix W is weights

to respective elements of the difference value vector b of the
observed phase signals ¢. Therefore, the weighting matrix W
becomes a matrix having 2 MN rows and 2 MN columns. The
respective elements of the weighting matrix W can be set to
desired values by an arbitrary method, depending on a con-
dition of data to be a weighting target.

[0076] For example, the values of the weighting matrix W
can be set using the power signals P calculated by equation
(2-1). Generally, an observed phase signal ¢ are highly likely
to be affected by anoise when a value of the power signal P is
low. Then, a value of the weighting matrix W is set so as to be
lower at a position where a value of the power signal P is
lower. That is, a weight of a phase signal ¢ corresponding to
a small power signal P value can be set low relatively so that
an influence that each phase signal ¢ corresponding to the
small power signal P value gives to the unwrap processing is
reduced. By setting the weight of data on each position which
has a high possibility of being affected by noise to be low
relatively, the influence of a noise can be reduced.

[0077] Incasewherethe weighting matrix W is determined
depending on a value of the power signal P, a threshold Pth is
set to the power signal P. Then, the weighting matrix W is to
be a diagonal matrix and values of respective elements other
than the on-diagonal elements are set to be 0. The value W[k]
of the k-th on-diagonal element of the weighting matrix W
can be determined as equation (13) with the threshold Pth of
the power signal P.

Pli, ] = Pih (13)

otherwise

1
Wik] ={ T
0Pl ),

wherein
. i=mod(k, M), j = floor (k/N), 0=k <MN
7= 2 modk, 40, J = floor (k= MNY/N), MN <k < 2MN

[0078] In equation (13), 0=Q(p)=1, Q(p) is a function
having an arbitrary monotone increasing curve. When the
weighting matrix W is determined as equation (13), the
weighting matrix W becomes a matrix in which the weight for
each power signal P not less than the threshold Pth is 1 while
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the weight coefficient for each power signal P less than the
threshold Pth is set to be a small value depending on a value
of the power signal P.

[0079] Meanwhile, since a phase signal ¢ also has a possi-
bility of receiving an influence of a noise when the gradients
Ax and Ay in the x direction and in the y direction of the phase
signal ¢ in equation (3) are large, it is preferable for noise
reduction that the value of the weighting matrix W to data at
the corresponding position is set small. In addition, since a
phase signal ¢ also may be influenced of a noise respectively
when the dispersion signal T in equation (2-2) is large and
when the velocity signal V in equation (2-3) is small, it is
preferable for noise reduction that the value of the weighting
matrix W to corresponding data is set small.

[0080] As mentioned above, the values of the weighting
matrix W can be set with changing arbitrarily according to the
gradients Ax in the x direction and the gradients Ay in the y
direction of the phase signals ¢, the power signals P, the
dispersion signals T, the velocity signals V and other param-
eters representing information of a moving object. In the case
of a multidimensional input to determine the values of the
weighting matrix W with inputting plural parameters, for
example, the values of the weighting matrix W can be deter-
mined as equation (14).

W[k—fune(Pfi ], © fi,j] T[Li] Ax[ij] Ay [ij]) (14)

[0081] Note that, in equation (14), func( ) is a function that
takes a value from O to 1. The function func( ) is a function
having a property that the value of the function func( )
becomes small qualitatively in the cases of the small power
signal P, the small unwrapped phase signal ©, the large dis-
persion signal T, the large gradient Ax in the x direction of the
phase signal ¢ and the large gradient Ay in the y direction of
the phase signal ¢ respectively. Note that, the function func()
does not take a small value necessarily in case where plural
parameters out of the respective parameters described above
change in relation to each other.

[0082] Then, the phase signals ©, the power signals P and
the dispersion signals T subjected to aliasing correction by the
unwrap processing described above are output to the coordi-
nate conversion unit 8 from the aliasing correction unit 7.
[0083] The coordinate conversion unit 8 has a function to
perform coordinate conversion of the data axes of the color
Doppler image data such as the phase signals ®, the power
signals P and the dispersion signals T after aliasing correction
obtained from the aliasing correction unit 7 and the B mode
image data obtained from the B mode processing system 5 to
the orthogonal axes for image-displaying from the scan axes.
[0084] The image composition unit 9 has a function to
generate image composition signals for displaying a color
Doppler image overlaid with a B mode image by obtaining
the color Doppler image data after aliasing correction and the
B mode image data, converted into orthogonal coordinate
system, from the coordinate conversion unit 8 and composing
one with the other, and to display a composition image of the
color Doppler image and the B mode image on the monitor 10
by providing the generated image composition signals to the
monitor 10.

[0085] The control system 11 is a circuit to overall-control
respective elements in the ultrasonic diagnostic apparatus 1.

(Operation and Action)

[0086] Next, the operation and action of the ultrasonic diag-
nostic apparatus 1 will be described.
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[0087] Firstly, the transmission signals from the transmis-
sion circuit 2 are applied to the respective ultrasonic trans-
ducers of the ultrasonic probe 3. The transmission signals
which are electric signals are converted into ultrasonic signals
respectively in respective ultrasonic transducers. The respec-
tive ultrasonic transducers transmit the ultrasonic signals to
an object respectively. Consequently, the ultrasonic reflected
signals generated in the object are received by the respective
ultrasonic transducers. The received ultrasonic reflected sig-
nals are converted into the reception signals which are electric
signals and output to the reception circuit 4. Then, the recep-
tion circuit 4 performs necessary signal processing such as
phasing-and-adding processing of the reception signals and
outputs the reception signals for generating a B mode image
to the B mode processing system 5, on the other hand, outputs
the reception signals for generating a color Doppler image to
the color Doppler processing system 6.

[0088] Therefore, B mode image data generation process-
ing is performed to the reception signals for generating a B
mode image in the B mode processing system 5 and the
generated B mode image data is output to the coordinate
conversion unit 8.

[0089] Meanwhile, in the color Doppler processing system
6, the HPF is applied to the reception signals for generating a
color Doppler image by the MTI filter. Consequently, the
slow-moving signals from tissues are suppressed and the
motion signals are extracted. Next, the autocorrelator of the
color Doppler processing system 6 calculates intermediate
signals c0 and c1 by the calculation processing, shown in
equation (1-1) and equation (1-2), of the motion signals.
Next, the velocity/dispersion/power calculator of the color
Doppler processing system 6 calculates the power signals P,
the dispersion signals T, the velocity signals V and the phase
signals ¢ of moving components by equation (2-1), equation
(2-2), equation (2-3), equation (2-4) and equation (2-5).
[0090] Next, the color Doppler image data including the
power signals P, the dispersion signals T, the velocity signals
V and the phase signals ¢ is output to the aliasing correction
unit 7. Then, the aliasing correction unit 7 performs aliasing
correction by global unwrapping processing of the phase
signals ¢ by the method described above. Then, the color
Doppler image data including the aliasing-corrected phase
signals © after unwrapping processing is output to the coor-
dinate conversion unit 8.

[0091] Next, the coordinate conversion unit 8 converts data
axes of the color Doppler image data such as the phase signals
0, the power signals P and the dispersion signals T after the
aliasing correction obtained from the aliasing correction unit
7 and the B mode image data obtained from the B mode
processing system 5 to the orthogonal axes for displaying
images from the scan axes. Next, the image composition unit
9 generates image composition signals for displaying a color
Doppler image overlaid with a B mode image by obtaining
the color Doppler image data after the aliasing correction and
the B mode image data, converted into the data in the orthogo-
nal coordinate system, from the coordinate conversion unit 8
and composing one with the other. The generated image com-
position signals are provided to the monitor 10 and a compo-
sition image on which the color Doppler image is overlaid
with the B mode image is displayed on the monitor 10.

[0092] FIG. 5 is a set of images for comparing a color
Doppler image generated based on the phase signals after the
aliasing correction by the ultrasonic diagnostic apparatus 1
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shown in FIG. 2 with a color Doppler image generated based
on the phase signals before the aliasing correction.

[0093] FIG. 5 (a) shows an original image generated based
on the phase signals before the aliasing correction and F1G. 5
(b) shows a color Doppler image generated based on the
phase signals unwrapped by the aliasing correction. As FIGS.
5 (a) and (b), the color Doppler image can be displayed with
a more satisfactory image quality by generating the color
Doppler image based on the phase signals corrected satisfac-
torily and stably by the global aliasing correction.

[0094] That is, the ultrasonic diagnostic apparatus 1 as
mentioned above is an apparatus which performs an aliasing
correction of phase signals which is color Doppler image data
by a global two-dimensional phase unwrapping processing,
and generates and displays a color Dopplerimage for display-
ing from the color Doppler image data including the phase
signals after the aliasing correction. More specifically, the
unwrapped phase signals can be calculated by a series of
processing of calculation of gradients of a two-dimensional
phase distribution, a discrete cosine transformation, a filter
operation on a frequency axis and an inverse cosine transfor-
mation. By the unwrapping method under the series of pro-
cessing mentioned above, a two-dimensional and global solu-
tion which minimizes square errors can be obtained as
outputs. In addition, the unwrapped phase signals can be
obtained in a sequential way by the least squares method
using on a phase distribution weighted depending on param-
eters such as power signal values in the color Doppler image
data.

(Effect)

[0095] Since the ultrasonic diagnostic apparatus 1 as men-
tioned above is configured to perform the unwrap processing
with regard to the whole of space by a least squares method,
the ultrasonic diagnostic apparatus 1 is robust to noise. That
is, since the unwrap processing is not a local processing as
conventional but a global processing in the ultrasonic diag-
nostic apparatus 1, the unwrap processing can be performed
with robustness even if a change between adjacent phases is
large due to influence of noise or there are lots of residues.
Further, an influence of data at each position with an improper
phase value and/or velocity value due to the influence of noise
can be reduced by weighting with a weight determined
depending on a parameter such as an amount of phase change,
a power value, a dispersion value and a velocity value. Con-
sequently, it is possible to display a color Doppler image
without aliasing even if a velocity signal takes a value in a
velocity range not less than an aliasing value.

(Modification)

[0096] Note that, in the case of measuring a three-dimen-
sional blood flow velocity distribution by ultrasound waves,
an aliasing correction processing can be performed by two-
dimensional or three-dimensional phase unwrap processing
of phase signals ¢ indicating a three-dimensional blood flow
phase distribution. Consequently, a three-dimensional blood
flow velocity distribution can be displayed up to a flow veloc-
ity range not less than an aliasing velocity.



US 2010/0324424 Al

What is claimed is:

1. An ultrasonic diagnostic apparatus comptrising:

a data acquisition unit configured to acquire phase signals
as Doppler data from a moving object in an object by
transmitting and receiving ultrasonic waves to and from
the object;

a correction unit configured to perform global aliasing
correction processing of the phase signals based on a
continuity in a two-dimensionally phase change; and

a display unit configured to display phase signals after the
aliasing correction processing.

2. An ultrasonic diagnostic apparatus of claim 1,

wherein said correction unit is configured to perform the
aliasing correction processing with a least squares
method minimizing a square error between signals
derived by wrapping gradients in a two-dimensional
distribution of the phase signals and gradients in a two-
dimensional distribution of the phase signals after the
aliasing correction processing.

3. An ultrasonic diagnostic apparatus of claim 1,

wherein said correction unit is configured to perform the
aliasing correction processing with processing for
obtaining first data by calculating gradients in a two-
dimensional distribution of the phase signals, process-
ing for obtaining second data by a two-dimensional dis-
crete cosine transform, a two-dimensional discrete
Fourier transform or a two-dimensional discrete sine
transform of the first data, processing for obtaining third
data by filtering the second data on a frequency axis and
processing by a two-dimensional discrete inverse cosine
transform, a two-dimensional discrete inverse Fourier
transform or a two-dimensional discrete inverse sine
transform of the third data.

4. An ultrasonic diagnostic apparatus of claim 1,

wherein said correction unit is configured to perform the
aliasing correction processing with a weighted least
squares method minimizing a square error between sig-
nals derived by wrapping gradients in a two-dimensional
distribution of the phase signals and gradients in a two-
dimensional distribution of the phase signals after the
aliasing correction processing with using weights deter-
mined according to at least one of power signals of the
moving object, dispersal signals of the moving object,
velocity signals of the moving object and gradients of
the phase signals.

5. An ultrasonic diagnostic apparatus of claim 1,

wherein said data acquisition unit configured to acquire
three-dimensional phase signals and said correction unit
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is configured to perform the global aliasing correction
processing of the three-dimensional phase signals based
on a continuity in a two-dimensionally or three-dimen-
sionally phase change.

6. An ultrasonic diagnostic apparatus of claim 1,

wherein said correction unit is configured to perform the
aliasing correction processing using a propetrty that sig-
nals derived by wrapping gradients in a two-dimensional
distribution of the phase signals and gradients in a two-
dimensional distribution of the phase signals after the
aliasing correction processing are mutually equal.

7. An ultrasonic diagnostic apparatus of claim 1,

wherein said correction unit is configured to perform the
aliasing correction processing with a least squares
method minimizing a square error between signals
derived by wrapping gradients in a two-dimensional
distribution of the phase signals and gradients in a two-
dimensional distribution of the phase signals after the
aliasing correction processing by solving a Poisson
equation established between a Laplacian calculated by
obtaining gradients of the signals derived by wrapping
the gradients in the two-dimensional distribution of the
phase signals and the two-dimensional distribution of
the phase signals after the aliasing correction process-
ing.

8. A data processing program for an ultrasonic diagnostic

apparatus, the program causing a computer to function as:

a correction unit configured to acquire phase signals
acquired from a moving object in an object by transmit-
ting and receiving ultrasonic waves to and from the
objectand perform global aliasing correction processing
of the phase signals based on a continuity in a two-
dimensionally phase change; and

an image data generating unit configured to generate image
data for displaying using phase signals after the aliasing
correction processing.

9. An ultrasonic diagnostic method comprising:

acquiring phase signals as Doppler data from a moving
object in an object by transmitting and receiving ultra-
sonic waves to and from the object;

performing global aliasing correction processing of the
phase signals based on a continuity in a two-dimension-
ally phase change; and

displaying phase signals after the aliasing correction
processing.
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