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PROCESSING PROGRAM

(57) An ultrasonic image processing method and de-
vice, and an ultrasonic image processing program which
can correspond to analytical methods different depend-
ing on aregion or the purpose of a diagnosis or treatment.
The ultrasonic image processing method comprises an
image data creation step which stores a detection result
obtained by irradiating a subject with ultrasonic waves
by an irradiating section and detecting an ultrasonic sig-
nal from the subject by a detecting section and creates
atleast two-frame image data differentin detection timing
onthe basis of the stored detection result, a motion vector
distribution image creation step which creates a motion
vector distribution image on the basis of a predetermined
motion vector analysis through the use of a plurality
frames of the image data, and a conversion step which
converts a vector distribution image to a scalar distribu-
tion image on the basis of a plurality of established re-
gions of interest (ROI).
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Description
Technical Field

[0001] The present invention is a technology relating
to an ultrasonic image processing method and device
and an ultrasonic image processing program capable of
clearly distinguishing a tissue border at the time of imag-
ing a living body with ultrasonic waves.

Background Art

[0002] For an ultrasonic image processing device em-
ployed in medical diagnostic imaging, there is disclosed
a method in which, as described in, for example, patent
literature 1, a modulus-of-elasticity distribution in a tissue
is estimated based on a magnitude of a change in a small
area in a diagnostic motion picture, and hardness is con-
verted into a color map and then displayed. However,
when the tissue border is noted in order to perform mod-
ulus-of-elasticity processing, sharpness is found to be
degraded. As described in patent literature 2, atechnique
of producing a scalar distribution image directly from mo-
tion vectors of a diagnostic motion picture so as to im-
prove the degree of distinction of the tissue border is
available.

[0003] In order to remove a noise from a vector distri-
bution, a low-pass filter for uniform smoothing is, as de-
scribed in, for example, patent literature 3, adopted. In a
B-mode image (a scalar distribution of brightness), a sim-
ilarity filter that retains the sharpness of an edge while
removing the noise has been invented in the patent lit-
erature 3.

Citation List
Patent Literature
[0004]

Patent Literature 1: Japanese Patent Application
laid-Open Publication No. 2004-135929
Patent Literature 2: Japanese Patent Application
laid-Open Publication No. 2008-079792
Patent Literature 3: Japanese Patent Application
laid-Open Publication No. 2004-129773

Summary of Invention
Technical Problem

[0005] Asaconventional method, for example, the pat-
ent Literature 2 describes that an x-direction component
or a y-direction component, a vector length, or a vector
angle with respect to a reference direction is obtained
from each of motion vectors in order to create a scalar
value distribution on the basis of the values. Therefore,
all pieces of vector information are not contracted, and
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a vector distribution may or may not be accurately re-
flected depending on an object image.

[0006] In addition, there is an unsolved problem that
when a uniformly smoothing type low-pass filter is used
to remove an error vector in a motion vector distribution
as preprocessing, the sharpness of a border is degraded.
[0007] In addition, since an analysis technique is not
selected according to a region or a purpose of diagnosis
or treatment, the method is not compatible with the anal-
ysis technique that varies depending on the region or the
purpose of diagnosis or treatment.

[0008] An object of the present invention is to provide
an ultrasonic image processing method and device and
an ultrasonic image processing program which are com-
patible with an analysis technique that varies depending
on a region or a purpose of diagnosis or treatment.

Solution to Problem

[0009] The present invention includes means for con-
verting motion vectors into a scalar distribution on the
basis of a selected method.

[0010] Inthe presentinvention, the motion-vector dis-
tribution image is converted into a scalar-distribution im-
age on the basis of plural set regions of interest (ROIs).
[0011] In the present invention, a motion vector distri-
bution is converted into a complex matrix and then sub-
jected to eigenvalue expansion. Thus, a coexistent
change pattern is decomposed into eigenvalues, and ex-
tracted in consideration of amplitudes and phases of vec-
tors. Therefore, appropriate border distinction can be
achieved. In addition, a scalar distribution is constructed
for each set of components of motion vectors, and a sim-
ilarity filter capable of achieving both noise removal and
edge preservation is applied to each of scalar distribu-
tions. A vector distribution is constructed from a result of
the application. Thus, the noise removal can be achieved
without degradation of the sharpness of a border.

Advantageous Effects of Invention

[0012] According to the present invention, an ultra-
sonic image processing method and device and an ul-
trasonic image processing program which are compati-
ble with an analysis technique that varies depending on
a region or a purpose of diagnosis or treatment can be
provided.

Brief Description of Drawings
[0013]

Fig. 1 is a diagram showing an example of a system
configuration for an ultrasonic image processing
method of the present invention.

Fig. 2 is a diagram showing a processing procedure
for an ultrasonic border detection method of the
present invention.
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Fig. 3 is a diagram showing an example of a motion
vector distribution in the present invention.

Fig. 4 is a diagram showing a processing procedure
for eigenvalue expansion of the present invention.
Fig. 5 includes diagrams showing an example of mo-
tion vector extraction for an invasive tumor in the
present invention.

Fig. 6 includes diagrams showing an effect of ultra-
sonic border detection through eigenvalue expan-
sion of the present invention.

Fig. 7 includes diagrams showing an example of mo-
tion vector extraction for the biceps muscle of arm
in the present invention.

Fig. 8 includes diagrams showing an effect of ultra-
sonic border detection through divergence and rota-
tion of the present invention.

Fig. 9 is a diagram showing an effect of a motion
vector similarity filter of the present invention.

Fig. 10is adiagram showing a processing procedure
for the motion vector similarity filter of the present
invention.

Fig. 11 is a diagram showing an example of a weight-
ing function for the motion vector similarity filter of
the present invention.

Fig. 12 includes diagrams showing processing pro-
cedures for a synthetic display method of the present
invention.

Fig. 13 is a diagram showing an example of display
by the synthetic display method of the presentinven-
tion; and

Fig. 14 is a diagram describing a chemical formula
and others.

Description of Embodiments

[0014] Fig. 1 shows an example of a system configu-
ration for an ultrasonic border detection method of the
presentinvention. An ultrasonic probe 1 having ultrasonic
elements arrayed one-dimensionally transmits an ultra-
sonic beam (ultrasonic pulses) to a living body, and re-
ceives an echo signal (receiving signal) reflected from
the living body. Under the control of a control system 4,
a transmission signal having a delay time matched with
a transmission focus is outputted from a transmission
beam former 3, and sent to the ultrasonic prove 1 via a
transmitting/receiving selection switch 5. An ultrasonic
beam reflected or scattered inside the living body and
returned to the ultrasonic probe 1 is converted into an
electric signal by the ultrasonic probe 1, and sent as a
receiving signal to a receiving beam former 6 via the
transmitting/receiving selection switch 5. The receiving
beam former 6 is a complex beam former that mixes two
receiving signals that are 90° out of phase. The receiving
beam former 6 performs dynamic focus in which the delay
time is adjusted according to the receiving timing under
the control of the control system 4, and outputs a radiof-
requency (RF) signal of areal part and an imaginary part.
The RF signal is detected by an envelope detection unit
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7, converted into a video signal, inputted to a scan con-
verter 8, and then converted into image data (B-mode
image data). The foregoing configuration is identical to
that of a known ultrasonic imaging system.

[0015] In a device of the present invention, a process-
ing unit 10 produces a motion vector distribution on the
basis ofimage dataitems of two or more frames outputted
from the scan converter 8. Thereafter, the produced mo-
tion vector distribution is converted into a scalar distribu-
tion. After the original image data items and the associ-
ated motion vector distribution or scalar distribution are
synthesized by a synthesis unit 12, the resultant data is
displayed on a display unit 13.

[0016] A parameter setting unit 11 is used to set pa-
rameters for signal processing to be performed by the
processing unit 10 or select a display image to be pro-
vided by the synthesis unit 12. The parameters are en-
tered through a user interface 2 by an operator (a diag-
nostic machine operator). A motion-picture display meth-
od is, for example, such that an original image and a
vector distribution image (or a scalar image) are synthe-
sized into one image and the image is displayed on the
display, or two or more motion pictures are displayed
side by side.

[0017] Fig. 2 shows an example of processing of an
ultrasonic image processing method to be performed by
the processing unit 10 and synthesis unit 12 of the
present invention. First, a B-mode motion picture is in-
putted. Thereafter, two frames of a desired frame and a
frame at a different time are extracted. A motion vector
distribution is calculated from the two frames. A motion
vector distribution calculation method is implemented
based on, for example, a block matching method de-
scribed in the patent literature 2. A calculated motion vec-
tor distribution is subjected to noise removal processing,
and a noise-removed motion vector distribution is con-
verted into a scalar distribution. A scalar distribution im-
age and a motion vector distribution image or the B-mode
image are synthesized and displayed. Thus, processing
of one image is completed. When the desired frame is
changed time-sequentially in order to continuously dis-
play synthetic images, a synthesized motion picture can
be displayed. Herein, in the block matching processing
of calculating the motion vector distribution, if a calculat-
ed matching error is equal to or larger than a pre-set
threshold, the motion picture is not updated. This makes
it possible not to display an image of low reliability but to
suppress a motion-picture variance. Otherwise, when an
index associated with the matching error is displayed to-
gether with animage, a diagnostic-machine operator can
decide on the reliability of a display image.

[0018] Fig. 3 shows an example of a motion vector
distribution in the present invention. As a region of inter-
est (ROI), a range of vectors that number, for example,
mxn is set. In the present invention, an x-direction com-
ponent of each of vectors in the vector distribution and a
y-direction component thereof are permuted with a real
part and an imaginary part respectively, whereby the
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range of vectors is converted into a complex matrix hav-
ing m rows and n columns and subjected to processing.
[0019] As a processing method for converting the con-
verted complex matrix of m rows and n columns into sca-
lar values, a method based on eigenvalue expansion will
be described first. Fig. 4 shows a processing procedure
based on the eigenvalue expansion. To begin with, a two-
dimensional vector distribution is converted into a com-
plex matrix expressed by mathematics 1. For the math-
ematics 1, refer to Fig. 14. The eigenvalue expansion
expressed by mathematics 2 is performed on the con-
verted complex matrix of m rows and n columns on the
basis of numerical calculation, whereby an eigenvalue
matrix of m rows and one column is obtained. Scalar
values are determined from the eigenvalue matrix.
[0020] As for a scalar value determination method, a
maximum value of absolute values of eigenvalues or a
sum of the absolute values is used so that a large change
within a ROI can be reflected as a scalar value.

[0021] Fig. 5 shows an example of motion vector ex-
traction in accordance with the present invention for a
case of a vx2 tumor of a rat. Fig. 5(a) shows a B-mode
image, and Fig. 5(b) shows a motion vector distribution
produced through block matching using the B-mode im-
age shown in Fig. 5(a) and an image of one immediately
succeeding frame.

[0022] For the motion vector distribution, eigenvalue
expansion is implemented in each ROl having a ROl size
of 3x3 in order to calculate an eigenvalue matrix. Fig. 6
(b) shows a result of calculation of a distribution of max-
imum values of absolute values out of the eigenvalue
matrices. Fig. 6(a) shows a result of application of a meth-
od of converting vector lengths to a scalar distribution,
which is described in the patent literature 2, to the same
frame. When both the results are compared with each
other, although a border of a tumorous region that occu-
pies almost the upper half is equally detected, a change
in an ambient tissue in the lower half is seen to be more
clearly displayed in Fig. 6(b). The case of a tumor is pre-
sented herein. The present invention can be applied to
various objects. For example, the present invention can
be applied to the usage of monitoring the position of a
treatment needlepoint inserted into a body. A 3x3 square
matrix is used as a ROI shape to perform eigenvalue
expansion. For example, when a non-square ROI of 3x5
is used, the eigenvalue expansion cannot be adapted.
Therefore, equivalent singular value decomposition com-
patible with the non-square ROl is implemented, and sin-
gular values are substituted for eigenvalues.

[0023] Aside from eigenvalue expansion, several
methods are available in calculating scalar values. Fig.
7 shows motion vectors of the biceps muscle of arm as
another example for the purpose of presenting the ad-
vantages of the methods. Fig. 7(a) shows a B-mode im-
age, and Fig. 7(b) shows a motion vector distribution pro-
duced through, for example, block matching using the B-
mode image shown in Fig. 7(a) and an image of an im-
mediately succeeding frame. In the case of the invasive
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tumor shown in Fig. 5, a difference in hardness between
a normal tissue and the tumor is reflected on the motion
vectors. In the case of the biceps muscle of arm, the
motion vectors represent slippages among different mus-
culartissues (shown as areas A, B, and C in the drawing).
[0024] As one of methods for obtaining scalars, diver-
gence expressed by mathematics 3 can be applied. The
divergence can be interpreted as reflection of a divergent
quantity of vectors in a unit area. As for a calculation
method, partial differential in an x direction is performed
on an x component Ax of each vector, and partial differ-
ential in a y direction is performed on a y component Ay
thereof. The sum of the results is then obtained. As for
a measurement error in an ultrasonic image, since pre-
cision in the x direction (azimuthal direction) is higher
than that in the y direction (beam direction) because of
a system configuration. By adopting weighting diver-
gence in which a larger weight (for example, 0.7) is ap-
plied to the partial derivative of Ay and a smaller weight
(for example, 0.3) is applied to the partial derivative of
Ax, the higher precision can be achieved. As a concrete
method of calculating a partial derivative, a first-order
spatial differential filter (for example, the Sobel filter em-
ployed generally in image processing) is applied to each
ROI. The Sobel filter to be applied to the y direction for
a ROl size 3x3 is expressed by mathematics 4.

[0025] Fig. 8(a) shows a result of application of diver-
gence. A border between the area A and area B and a
border between the area B and area C are seen to be
displayed clearly. Herein, an effect on slippages in the
biceps muscle of arm has been described. Since diver-
gence copes with a divergent quantity, the divergence
proves effective especially in a usage of monitoring con-
trol for measuring a degree of thermal expansion of a
subject tissue during a high-intensity focused ultrasound
(HIFU) treatment, a usage of checking a tissular degen-
eration after completion of the treatment, or a usage of
monitoring in real time a stretching or contracting motion
of the heart using a trans-esophageal probe, which ind-
wells in the esophagus, during surgery.

[0026] As another method of obtaining scalars, rota-
tion expressed by mathematics 5 can be applied. The
rotation reflects a rotational quantity of a vector in a unit
area. A concrete calculation method is such that a first-
order spatial derivative in an x direction is calculated for
a y component, a first-order spatial derivative in a 'y di-
rection is calculated for an x component, and a difference
between the first-order spatial derivatives is obtained.
The obtained value is called a tensor. Fig. 8(b) shows a
result of application of rotation processing. In the display,
absolute values of tensors are employed. The drawing
demonstrates a property that a border position can be
more sharply extracted than it can through divergence.

[0027] A scalar calculation method is not limited to the
foregoing one. A method of applying a strain tensor (pro-
vided by an equation (6)) that reflects a change between
two points, or a method of applying an inner product or
outer product of vectors can be adopted. An operating
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panel is provided with a selection switch so that any of
the methods can be selected according to a feature a
diagnostic machine operator wants to note.

[0028] Anextracted motion vector distribution contains
an error vector that is likely to derive from, for example,
block matching processing applied to an area of a low
signal-to-noise ratio. In order to remove the error, nor-
mally, a low-pass filter is adapted for smoothing. How-
ever, this poses a problem in that the sharpness of a
border is degraded by low-pass filter processing. Accord-
ingly, in the present invention, a similarity filter capable
of preserving border information while removing an error
is applied.

[0029] Fig. 9 shows an example of an effect of a mo-
tion-vector similarity filter. On the assumption that a ROI
size is 3x3, a situation is supposedly such that four vec-
tors oriented in the same right-hand upward direction and
four vectors oriented in different right-hand downward
directions are associated with a noted vector lo. When a
smoothing filter is adopted as a low-pass filter, since the
number of right-hand upward vectors other than the not-
ed vector is identical to the number of right-hand down-
ward vectors, the noted vector having undergone
smoothing processing is oriented intermediately right-
ward.

[0030] A similarity filter described in the patent litera-
ture 3is introduced as a scheme for achieving both noise
removal from a two-dimensional brightness image and
edge preservation thereof by assigning a larger weight
to a pixel in a ROI, which exhibits a brightness closer to
the brightness exhibited by a noted pixel, so as to thus
calculate a weighted mean. In the present invention, a
two-dimensional vector distribution is decomposed into
an x-component (azimuthal direction) distribution and a
y-component (beam direction) distribution, and the sim-
ilarity filter is applied to each of the distributions, and a
smoothed vector image is constructed based on the re-
sultant x-component distribution and y-component distri-
bution. Herein, when the x component is regarded as a
real-number component and the y component is regard-
ed as an imaginary-number component, the vector is ex-
pressed as a complex number according to an equation
(7). An x component A; of a vector I that ranks the i-th
in a beam-axis direction within a ROl and ranks the j-th
in an azimuthal direction orthogonal to the beam-axis di-
rection is associated with a real-number component, and
a'y component A; thereof is associated with an imagi-
nary-number component, whereby the vector I;; can be
expressed by mathematics 7. Processing of the similarity
filter is, as expressed by mathematics 8, such thata sum
of weighted products of Iij by weights Wij which are as-
sociated with differences from a noted vector lo is calcu-
lated, and normalized by a sum total of weighted values
in order to obtain a smoothed noted vector lo’. Through
the processing, deterioration of edge information of the
noted vector lo can be, as shown in Fig. 9, avoided.
[0031] The similarity filter of the present invention can
be extended to three-dimensional measurement. An ap-
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proach to the three-dimensional measurement is such
that, for example, an array transducer of a two-dimen-
sional array type is used to acquire at a high speed plural
tomographic image data items in a slice direction orthog-
onal to the beam direction and azimuthal direction, and
a three-dimensional parallelepiped structure is recon-
structed. Assuming that A denotes a vector compo-
nent in the slice direction of three-dimensional data, a
noted vector Iy is expressed by mathematics 9. In this
case, an updating equation by the similarity filter is rep-
resented by mathematics 10 using weights Wi, of a
three-dimensional distribution.

[0032] After a three-dimensional vector distribution is
determined, the vector distribution is converted into a
scalar distribution using a technique of eigenvalue ex-
pansion or the like in the same manner as a two-dimen-
sional vector distribution is. The scalar distribution is di-
vided into, for example, plural two-dimensional sections,
and then subjected to display processing.

[0033] Fig. 10 shows a processing procedure of a mo-
tion-vector similarity filter of the present invention for a
ROI. To begin with, a vector distribution is inputted. A
ROI size and a half-value width of a weight distribution
are set as processing parameters. As the weight distri-
bution, a one-sided distribution of a Gaussian distribution
shown, for example, in Fig. 11 is adopted. The axis of
abscissas indicates an absolute value of a difference be-
tween a noted vector lo and another vector I;; within the
ROI. The larger the difference is, the smaller a weight is.
The distribution shape varies depending on the half-value
width. After the parameters are set, each two-dimension-
al vector is converted into a complex number. New vec-
tors are calculated according to the equation (8), and the
processing is terminated. If a noise component in the
vector distribution is subjected to filter removal process-
ing in advance, after the vector distribution is converted
into the scalar distribution, precision can be improved.
[0034] Inthe patent literature 2, a B-mode motion pic-
ture and an elastographic motion picture are displayed
side by side. Since an error deriving from a nonlinear
factor of the elastographic picture is not contained in mo-
tion-vector distribution information, an accurate behavior
is shown. However, when a vector distribution image
alone is used, association with a tissue position cannot
be achieved. Therefore, if the vector distribution image
is superposed on the B-mode image, thus synthesized
with the B-mode image, and displayed, a highly discern-
ible diagnostic image can be provided. Fig. 12(a)
presents the processing procedure. First, a B-mode orig-
inal image is inputted. Thereafter, a vector distribution is
calculated, and the original image and the associated
vector distribution are synthesized and displayed.
[0035] Fig. 13 shows an example of a synthetic image
(a tumorous case). By superposing a vector distribution,
a magnitude of a change and a direction thereof can be
readily grasped. As a method for improving discernment,
a B-mode image and a scalar distribution image may be
synthesized and displayed. Fig. 12(b) presents the
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processing procedure. A difference from Fig. 12(a) lies
in a point that after a vector distribution is calculated, the
vector distribution is converted into a scalar distribution,
and an original image and the scalar distribution are syn-
thesized and displayed. By synthesizing the original im-
age with the scalar distribution image, similarly to a color-
ed elastographic image presented in the patent literature
1, atissue border can be readily identified and a contour
can be clearly seen. Referring to Fig. 12, cases where
image synthesis is performed have been described. In-
stead of synthesizingimages into one image and display-
ing the image, the two images may be simultaneously
displayed side by side. Further, if an elastographic image
and a motion-vector image are synthesized and dis-
played or are displayed side by side, or if three images
of the elastographic image, B-mode image, and motion-
vector image are displayed side by side, it would prove
effective.

[0036] As for the foregoing various display methods,
a system configuration permitting a system operator to
select any of the methods using a selection switch in-
cluded in a system panel is feasible. As an easy-to-see
display form of a default at the time of powering up, a
forminwhich, forexample, two screenimages of ascreen
image having a B-mode image and a vector distribution
synthesized and a screen image of a scalar distribution
alone are displayed side by side is conceivable. As a
method for producing the scalar distribution image, such
a method is feasible that: a proper production processing
method (rotation processing, divergence processing, ei-
genvalue processing, or the like) is pre-set according to
a purpose of diagnosis (discrimination of a tumor or ther-
apeutic monitoring) or an object case; selection switches
associated with items are included; and a system oper-
ator selects each item. Otherwise, as animage of a scalar
distribution, three kinds of images, that is, a rotation-
processing image, a divergence-processing image, and
an eigenvalue processing image may all be displayed. A
form in which four screen images including the three
kinds of images as well as a synthetic image (B-mode
image and vector distribution) are displayed side by side
is valid.

Industrial Applicability

[0037] The present invention can be applied to, aside
from a diagnostic or therapeutic ultrasound system for
medicine, any system that measures a strain or a slip-
page using ultrasonic waves.

Reference Signs List

[0038] 1: ultrasonic probe, 2: user interface, 3: trans-
mission beam former, 4: control system, 5: transmitting/
receiving selection switch, 6: receiving beam former, 7:
envelope detection unit, 8: scan converter, 10: process-
ing unit, 11: parameter setting unit, 12: synthesis unit,
13: display unit
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Claims

1. An ultrasonic image processing method character-
ized in that:

an image data production step of storing a result
of detection, which is performed by a detection
unit in order to detect an ultrasonic signal of a
subject to which ultrasonic waves are irradiated
by an irradiation unit, and producing at least two
frame image data items, detection timings of
which are different from each other, from the
stored result of detection;

a motion-vector distribution image production
step of producing a motion-vector distribution
image using a plurality of frames out of the image
data items through predetermined motion-vec-
tor analysis processing; and

a conversion step of converting the motion-vec-
tor distribution image into a scalar-distribution
image according to a selected method on the
basis of ROls, that is, a plurality of set regions
of interest.

2. The ultrasonicimage processing method as set forth
in Claim 1, characterized in that:

the conversion step includes

a first processing step of setting a small region
ROI to be noted within the motion vector distri-
bution, permuting beam-direction components
and azimuthal-direction components within the
ROI with real-number components and imagi-
nary-number components respectively, and
thus converting the motion vector distribution
within the ROI into a complex matrix,

a second processing step of performing eigen-
value expansion processing on the complex ma-
trix so as to obtain an eigenvalue matrix, and
athird processing step of determining one scalar
value by obtaining a maximum value of absolute
values of eigenvalues out of the eigenvalue ma-
trix or obtaining a sum total of the absolute val-
ues of the eigenvalues; and

the first to third processing steps are implement-
ed in a plurality of ROls within the motion vector
distribution in order to produce a scalar-distribu-
tion image.

3. The ultrasonicimage processing method as set forth
in Claim 1, characterized in that:

the conversion step includes

a first processing step of setting a small region
ROI to be noted within the motion vector distri-
bution, applying a first-order spatial differential
filter to each of a beam direction along a beam
axis within the ROI, and an azimuthal direction
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orthogonal to the beam direction, and calculat-
ing derivative information,

a second processing step of permuting the
beam-direction derivatives and azimuthal-direc-

components and imaginary-number compo-
nents respectively, and the motion vector distri-
bution within the ROI is thus converted into a

12

complex matrix, and

a first-order spatial differential filter is applied to
each of a beam direction and an azimuthal di-
rection within the set ROI in order to calculate

tion derivatives within the ROl with real-number 5 derivative information, a rotation operation is im-
components and imaginary-number compo- plemented based on the derivative information
nents respectively, and thus converting the mo- in order to determine a scalar value, and a scalar
tion vector distribution within the ROl into a com- distribution is produced from scalar values de-
plex matrix, termined for a plurality of ROIs within the motion
athird processing step of performing eigenvalue 70 vector distribution.
expansion processing on the complex matrix so
as to obtain eigenvalues, and 6. The ultrasonicimage processing method as set forth
afourth processing step of determining one sca- in Claim 2, characterized in that:
lar value to be calculated using a maximum val-
ue of absolute values of eigenvalues out of the 75 at the third processing step, a first-order spatial
eigenvalue matrix, using a sum total of the ab- differential filter is applied to a beam direction
solute values of the eigenvalues, or using the and an azimuthal direction within the set ROl in
eigenvalues; and order to calculate derivative information, and an
the first to fourth processing steps are imple- operation of obtaining a strain tensor is imple-
mented in a plurality of ROIs within the motion 20 mented based on the derivative information in
vector distribution in order to produce a scalar- order to determine a scalar value.
distribution image.
7. The ultrasonicimage processing method as set forth
4. The ultrasonicimage processing method as set forth in Claim 2, characterized in that:
in Claim 1, characterized in that: 25
at the third processing step, inner product cal-
at the conversion step, culation is performed on each pair of vectors ad-
a small region ROI to be noted is set within the joining in a beam direction or an azimuthal di-
motion vector distribution, beam-direction com- rection within the set ROl in order to determine
ponents and azimuthal-direction components 30 a scalar value; and
within the ROI are permuted with real-number a scalar distribution is produced from scalar val-
components and imaginary-number compo- ues determined for a plurality of ROIs within the
nents respectively, and the motion vector distri- motion-vector distribution.
bution within the ROI is thus converted into a
complex matrix, 35 8. The ultrasonicimage processing method as set forth
a first-order spatial differential filter is applied to in Claim 2, characterized in that:
each of abeam direction along a beam axis with-
in the set ROl and an azimuthal direction orthog- at the third processing step, outer product cal-
onal to the beam direction in order to calculate culation is performed on each pair of vectors ad-
derivative information, and a divergence opera- 40 joining in a beam direction or an azimuthal di-
tion is implemented based on the derivative in- rection within the set ROI in order to obtain a
formation in order to determine a scalar value, tensor value, and a scalar value is determined
and from the sensor value or the absolute value of
a scalar distribution is produced from scalar val- the sensor value.
ues determined for a plurality of ROIs within the 45
motion vector distribution. 9. The ultrasonicimage processing method as set forth
in Claim 2, characterized in that:
5. The ultrasonicimage processing method as set forth
in Claim 1, characterized in that: at the third processing step, the vector distribu-
50 tion in the set ROl is decomposed into a beam-
at the conversion step, direction component scalar distribution and an
a small region ROI to be noted is set within the azimuthal-direction component scalar distribu-
motion vector distribution, beam-direction com- tion, a similarity filter is applied to each of the
ponents and azimuthal-direction components scalar distributions in the respective directions,
within the ROI are permuted with real-number 55 a smoothed vector distribution is constructed

from each of the scalar distributions resulting
from the application of the similarity filter, beam-
direction components and azimuthal-direction
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components withinthe ROl inthe smoothed vec-
tor distribution are permuted with real-number
components and imaginary-number compo-
nents respectively in order to thus convert the

14

ROI to be noted within the motion vector distri-
bution, and permutes beam-direction compo-
nents and azimuthal-direction components with-
in the ROI with real-number components and

vector distribution within the ROl into a complex 5 imaginary-number components respectively so
matrix, and scalar values are determined. asto convert the motion vector distribution within
the ROM into a complex matrix,
10. The ultrasonic image processing method as set forth a second processing means that performs ei-
in Claim 2, characterized in that: genvalue expansion processing on the complex
10 matrix so as to obtain an eigenvalue matrix, and
when a two-dimensional array type ultrasonic a third processing means that determines one
probe is used to acquire three-dimensional im- scalar value by obtaining a maximum value of
age information having a slice direction, which absolute values of eigenvalues out of the eigen-
is orthogonal to a beam direction and an azi- value matrix or obtaining a sum total of the ab-
muthal direction, added thereto, 15 solute values of the eigenvalues; and
at the third processing step, the conversion unit implements the first to third
the vector distribution within the set ROl is de- processing means in a plurality of ROls within
composed into a beam-direction component the motion vector distribution so as to produce
scalar distribution, an azimuthal-direction com- a scalar distribution image.
ponent scalar distribution, and a slice-direction 20
component scalar distribution, a similarity filter 13. The ultrasonic image processing device as set forth
is applied to each of the scalar distributions in in Claim 11, characterized in that:
the respective directions, a smoothed vector dis-
tribution is constructed from each of the scalar the conversion unit performs
distributions resulting from the application of the 256 first processing of setting a small region ROI to
similarity filter, and scalar values are deter- be noted within the motion vector distribution,
mined. and applying afirst-order spatial differential filter
to each of a beam direction along a beam axis
11. An ultrasonic image processing device character- within the ROl and an azimuthal direction or-
ized in that: 30 thogonal to the beam direction so as to calculate
derivative information,
an irradiation unit that irradiates ultrasonic second processing of permuting the beam-di-
waves to a subject; rection derivatives and azimuthal-direction de-
a detection unit that detects an ultrasonic signal rivatives within the ROI with real-number com-
of the subject; 35 ponents and imaginary-number components re-
an image data production unit that produces im- spectively so as to convert the motion vector dis-
age data items of at least two frames, detection tribution within the ROI into a complex matrix,
timings of which are different from each other, third processing of performing eigenvalue ex-
on the basis of a result of detection by the de- pansion processing on the complex matrix so
tection unit; 40 as to obtain eigenvalues, and
a motion-vector distribution image production fourth processing of determining one scalar val-
unit that uses a plurality of frames out of the im- ue to be calculated using a maximum value of
age data items to produce a vector-distribution absolute values of eigenvalues out of the eigen-
image through predetermined motion-vector value matrix, using a sum total of the absolute
analysis processing; 45 values of the eigenvalues, or using the eigen-
a selection unitthat selects a conversion method values; and
of converting the motion-vector distribution im- the conversion unitimplements the first to fourth
age into a scalar-distribution image; and processing in a plurality of ROls within the mo-
a conversion unit that converts the motion-vec- tion vector distribution so as to produce a scalar
tor distribution image into the scalar-distribution 50 distribution image.
image according to the selected conversion
method. 14. The ultrasonic image processing device as set forth
in Claim 12, characterized in that:
12. The ultrasonic image processing device as set forth
in Claim 11, characterized in that: 55 the conversion unit includes means that calcu-

lates derivative information by applying a first-
order spatial differential filter to each of a beam
direction along a beam axis within a ROI set by

the conversion unit includes
afirst processing means that sets a small region
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the first processing means and an azimuthal di-
rection orthogonal to the beam direction, and
determines a scalar value by implementing a di-
vergence operation on the basis of the derivative
information, and that produces a scalar-distribu-
tion image from the scalar values determined
for a plurality of ROIs within the motion vector
distribution.

15. Anultrasonicimage processing program character-
ized in that the ultrasonic image processing pro-
gram allows a computer to function as the ultrasonic
image processing method set forth in any of Claims
1t0 9.
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