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ULTRASOUND DIAGNOSIS APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to an ultrasound diag-
nosis apparatus that transmits ultrasound waves to a subject
and obtains an ultrasound image based on the waves reflected
from the subject.

[0003] More specifically, the present invention relates to an
ultrasound diagnosis apparatus that executes a correction pro-
cess on a generated ultrasound image.

[0004] 2. Description of the Related Art

[0005] An ultrasound diagnosis apparatus transmits, to a
subject, ultrasound waves generated from transducers incor-
porated in an ultrasound probe. The ultrasound diagnosis
apparatus receives, by the transducers, reflected waves from a
subject tissue of the transmitted ultrasound waves, generates
an ultrasound tomographic image of the subject from the
received reflected waves, and displays the ultrasound tomo-
graphic image.

[0006] Signals received from a plurality of subject tissues
adjacent to each other interfere with each other because hav-
ing different phases.

[0007] This interference makes a vision different from
when only amplitudes are composed, and generates a speck-
led image pattern. Such an image pattern is called speckle.
This speckle prevents accurate observation of the position
and shape of the boundary of the subject tissues.

[0008] Theaccurate observationisalso prevented by occur-
rence of noise. Such speckle and noise occur not only in the
spatial direction but also in the temporal direction.

[0009] Up to now, various processing methods for reducing
speckle and noise have been proposed.

[0010] Forexample, atechnique of using a temporal-direc-
tionIIR (Infinite Impulse Response) filter has been proposed.
This technique is a technique of using a filter that, assuming
animageacquired at time tis represented by I(t) and an image
having been processed by the filter is represented by J,, sat-
isfies a relation of ] =(1-a)l +al,_,, whereinais 1 or less. This
technique enables reduction of speckle and noise that vary
with time.

[0011] However, this technique reduces noise by adding the
proportion of a of the past data J,_, to the proportion of (1-a)
of the present data I,.

[0012] Therefore, for a strenuously moving tissue such as
the diaphragm and the heart, there is a problem that, in a
superimposed image, each image of the strenuously moving
tissue remains like an afterimage and blur or the like occurs.
[0013] Ina case that an image is generated for each frame,
which is the unit of a set of data necessary for generating one
tomographic image, a motion vector of each image (image of
an organ, for example) in a past frame is detected from the
image.

[0014] Then, the position of an image in a next frame is
predicted by using the motion vector, and a filter process or
the like is performed at the predicted position.

[0015] With this technique, it is possible to perform image
processing including displacement of an image with time.
[0016] However, as mentioned above, the process of detect-
ing the motion vector is required in addition to the noise
reduction process.

[0017] Therefore, there is a problem that the process gets
slow.
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[0018] Further, in order to define a tissue part, a speckle/
noise reduction filter has been used conventionally.

[0019] As the speckle/noise reduction filter, a filter using a
directional feature amount in a two-dimensional or three-
dimensional space is used.

[0020] The directional feature amount is the size or direc-
tion of an edge. The edge is a part in which the luminance
largely changes, such as the outside of a tissue. Also, the edge
is a part other than noise.

[0021] As the abovementioned filter using the directional
feature amount, it is possible to use a filter that blurs an image
in the edge direction, or a filter that emphasizes the contrast of
an image in a direction orthogonal to the edge direction. As
the filter that blurs an image in the edge direction, it is possible
to use, for example, a filter that obtains an average value of a
row of points.

[0022] Further, as the filter that emphasizes the contrast in
the direction orthogonal to the edge direction, it is possible to
use, for example, a filter that, by a threshold, decreases the
luminance outside the edge while increases the luminance
inside the edge.

[0023] Use of the filter that blurs an image in the edge
direction makes it possible to obtain an image with smooth
shading in the edge direction.

[0024] Further, use of the filter that emphasizes the contrast
of an image in the direction orthogonal to the edge direction
makes it possible to obtain an image with an edge defined and
a tissue part emphasized.

[0025] As a method for obtaining the abovementioned
directional feature amount, a technique of using multiresolu-
tion decomposition is proposed.

[0026] Multiresolution decomposition is a method of
decomposing arbitrary video signals into a plurality of videos
having different frequency bands (spatial frequency bands).

[0027] As multiresolution decomposition, it is possible to
use wavelet transform. This wavelet transform is decompo-
sition into a video of low-frequency components and a video
of high-frequency components that have a 27 size of an
inputted video.

[0028] Based on videos obtained by the wavelet transform,
the edge of an image of low-band spatial frequency is
detected by using a diffusion filter, and the direction of the
edge is obtained for each pixel.

[0029] A technique of smoothing pixels by using the filter
that blurs an image in the tangent direction of the edge while
sharpening pixels by using the filter that emphasizes the con-
trast in the normal direction of the edge is proposed (refer to,
for example, Japanese Unexamined Patent Application Pub-
lication JP-A 2006-116307).

[0030] Thisenables definition ofatissue part in the video of
low-frequency components.

[0031] Inthe image processing by multiresolution decom-
position and the respective filters described in JP-A 2006-
116307, a noise reduction process is performed with respect
to the spatial direction.

[0032] However, in the technique described in JP-A 2006-
116307, the image processing by multiresolution decompo-
sition and the respective filters is not executed on an image
including the temporal direction.

[0033] Therefore, such a method of performing the noise
reduction process with respect to only the spatial direction
may cause noise and speckle in an image with respect to the
temporal direction.
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[0034] Further, in a case that the filtering process with
respect to the space is applied as it is, there is a problem that
a time-phase delay occurs and an image immediately after
generated (a real-time image) cannot be displayed.

SUMMARY OF THE INVENTION

[0035] Thepresent invention uses a noise reduction process
with a directional feature amount performed in the spatial
direction, with respect to coordinates including the temporal
direction (space+time).

[0036] To be specific, an object of the present invention is to
provide a technique of, by using a process withoutoccurrence
of a time phase delay, reducing noise and speckle in the
temporal direction and emphasizing a tissue part in an ultra-
sound image of a strenuous tissue.

[0037] In a first aspect of the present invention, an ultra-
sound diagnosis apparatus comprises: an image generator
configured to execute transmission and reception of ultra-
sound waves to chronologically generate ultrasound image
data of plural frames; a multiresolution decomposition part
configured to hierarchically execute multiresolution decom-
position on the ultrasound image data to obtain first-order to
n”-order (n represents a natural number of 2 or more) low-
band decomposition image data and first-order to n”-order
high-band decomposition image data; a feature amount cal-
culator configured to calculate a feature amount based on the
obtained low-band decomposition image data; a filtering pro-
cessor configured to execute a filter operation on the calcu-
lated feature amount; and a multiresolution composition part
configured to execute multiresolution composition by using
the low-band decomposition image data and the high-band
decomposition image data to generate a composite image.

[0038] Inasecond aspect of the present invention, an ultra-
sound diagnosis apparatus comprises: an image generator
configured to execute transmission and reception of ultra-
sound waves to chronologically generate ultrasound image
data of plural frames; a multiresolution decomposition part
configured to hierarchically execute multiresolution decom-
position on the ultrasound image data to obtain first-order to
n?-order (n represents a natural number of 2 or more) low-
band decomposition image data and first-order to n”-order
high-band decomposition image data; a multiresolution com-
position part configured to perform multiresolution compo-
sition by using the low-band decomposition image data and
the high-band decomposition image data to generate a com-
posite image; a feature amount calculator configured to cal-
culate a feature amount based on the obtained low-band
decomposition image data; a filtering processor configured to
perform a filter operation on the calculated feature amount;
and a high-band-level controller configured to weight the
first-order to n”-order high-band decomposition image data
obtained from the multiresolution decomposition part, by a
feature amount of each corresponding order.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG.1isablock diagram showing the configuration
of an ultrasound diagnosis apparatus according to the present
invention.

[0040] FIG.2 is adiagram showing a detailed configuration
of a speckle/noise reduction processor in the present inven-
tion.
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[0041] FIG. 3 is a conceptual diagram of multiresolution
decomposition by three-dimensional wavelet transform
including the temporal axis.

[0042] FIG. 4 is a view showing a usage pattern of a filter
used in the respective coordinate axis directions in three-
dimensional wavelet transform including the temporal axis.
[0043] FIG. 5A is a view for explaining numerical differ-
entiation in the spatial direction.

[0044] FIG. 5B is a view for explaining numerical differ-
entiation in the temporal direction.

[0045] FIG. 6 is a flow chart showing the procedure of a
filtering process by a nonlinear anisotropic diffusion filter in
the third-order hierarchy.

[0046] FIG. 7 is a flow chart of a general operation of an
ultrasound diagnosis apparatus according to a first embodi-
ment.

[0047] FIG. 8 is a view for explaining accumulation of
B-mode data and a speckle/noise reduction process using the
accumulated B-mode data in a second embodiment.

[0048] FIG. 9 is a view for explaining accumulation of
B-mode data and a speckle/noise reduction process using the
accumulated B-mode data in a modification 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

First Embodiment

[0049] An ultrasound diagnosis apparatus according to a
first embodiment of the present invention will be described
below.

[0050] FIG. 1is a block diagram showing the function of
the ultrasound diagnosis apparatus according to this embodi-
ment.

[0051] As shown in FIG. 1, the ultrasound diagnosis appa-
ratus according to this embodiment has an ultrasound probe
001, a transceiver 002, a signal processor 003, an image
generator 004, a speckle/noise reduction processor 100, a
display controller 005, and a user interface 006. The user
interface 006 has a display 007 such as amonitor, and an input
part 008 such as a keyboard and a mouse.

[0052] The ultrasound probe 001 has a plurality of piezo-
electric transducers. The ultrasound probe 001 converts pulse
signals into ultrasound waves by using the piezoelectric trans-
ducers, and transmits the ultrasound waves obtained by the
conversion to a subject. The pulse signals are inputted from
the transceiver 002 described later.

[0053] Further, the ultrasound probe 001 receives, by
piezoelectric elements, the ultrasound waves reflected by the
subject (ultrasound echoes). Then, the ultrasound echoes are
converted into electric signals (referred to as “echo signals”
hereinafter) and outputted to the transceiver 002. A set of
ultrasound echoes obtained by one time of transmission/re-
ception of ultrasound waves between the respective transduc-
ers and the subject is called one frame. That is to say, one
ultrasound image is generated from one frame. The number of
frame scans per unit time is called a frame rate. In this
embodiment, the ultrasound probe 001 repeatedly scans the
same region (scan position) of the subject at a predetermined
frame rate.

[0054] In order to make the ultrasound waves transmitted
from the ultrasound probe 001 converge into a beam, the
transceiver 002 delays arrival of the pulse signals at the
respective piezoelectric transducers of the ultrasound probe
001. That is to say, the transceiver 002 makes the time of
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arrival of the pulse signals later at the piezoelectric transduc-
ers closer to the center of the ultrasound probe 001. By delay-
ing arrival of the pulse signals at the respective piezoelectric
transducers, the timing for driving the respective piezoelec-
tric transducers is delayed, and the generated ultrasound
waves are made to converge into a beam.

[0055] In reception of the ultrasound echoes, the echo sig-
nals of the respective transducers, which are analog signals,
are amplified by the transceiver 002, and delayed a desired
delay time by a reception delay circuit or the like (not shown).
[0056] Then, after executing A/D conversion on the echo
signals, the transceiver 002 performs an addition process
based on the converted signals. Then, the transceiver 002
outputs the signals after the addition process, to the signal
processor 003.

[0057] The signal processor 003 has a B-mode process unit
and a Doppler process unit. The signal processor 003 receives
the signals from the transceiver 002.

[0058] The B-mode process unit receives the signals from
the transceiver 002. Then, the B-mode process unit executes
logarithmic compression, envelop detection or the like, on the
received signals.

[0059] Besides, the B-mode process unit generates B-mode
data that expresses luminance by the intensity of the signals.
[0060] The Doppler process unit performs frequency
analysis of speed information based on the signals from the
transceiver 002. Then, the Doppler process unit extracts the
echo components of a blood flow, tissue and contrast agent
due to the Doppler Effect to generate Doppler data of blood-
flow information such as the average speed, dispersion and
power.

[0061] The signal processor 003 outputs the B-mode data
generated by the B-mode process unit and the Doppler data
generated by the Doppler process unit (both the data will be
referred to as “raw data” hereinafter) to the speckle/noise
reduction processor 100.

[0062] The ultrasound probe 001, the transceiver 002, and
the signal processor 003 are equivalent to the “image genera-
tor” in the present invention.

[0063] Into the speckle/noise reduction processor 100, the
raw data are inputted from the signal processor 003. Then, the
speckle/noise reduction processor 100 executes a process for
reducing speckle and noise on the inputted raw data. This
speckle/noise reduction process will be described in detail
later. Then, the speckle/noise reduction processor 100 outputs
the raw data after the speckle/noise reduction process to the
image generator 004.

[0064] The image generator 004 has a DSC (Digital Scan
Converter).

[0065] Into the image generator 004, the raw data after the
speckle/noise reduction process by the speckle/noise reduc-
tion processor 100 is inputted.

[0066] The DSC converts the inputted raw data from a
coordinate system corresponding to scan lines of ultrasound
scan to a coordinate system for displaying on the monitor or
the like.

[0067] The image generator 004 has a storing region such
as a memory.

[0068] Into the storing region of the image generator 004,
the image data generated by the DSC are sequentially stored.
The stored image data are retrieved with the user interface 006
by an operator such as a doctor and a medical technologist
(simply referred to as the “operator” hereinafter). The
retrieved image data are displayed on the display 007.
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[0069] The image generator 004 outputs the generated
image data to the display controller 005.

[0070] The display controller 005 receives input of the
image data from the image generator 004. Then, the display
controller 005 controls the display 007 to display ultrasound
images such as a B-mode image and a Doppler image based
on the inputted image data. Hereinafter, the B-mode image
and the Doppler image will be simply referred to as the
“ultrasound image” when not distinguished from each other.
[0071] The image generator 004 and the display controller
005 having the abovementioned functions are equivalent to
the “display controller” of the present invention.

[0072] An integrated controller 009 performs control of the
timing of operations of the respective function parts and con-
trol of the passing of data between the respective function
parts. A dashed-dotted line in FIG. 1 shows the flow of a
control command.

(Speckle/Noise Reduction Process)

[0073] Next, the speckle/noise reduction process executed
by the speckle/noise reduction processor 100 will be
described. The speckle/noise reduction processor 100 is
capable of executing the process of reducing speckle and
noise on both B-mode data and Doppler data. Therefore, in
the following description, the process of reducing speckle and
noise on B-mode data will be taken for an example.

[0074] Further, in the following description, in order to
facilitate the description, the speckle/noise reduction process
will be described based on two-dimensional ultrasound
image data.

[0075] The speckle/noise reduction process can also be
performed for a three-dimensional image. The three-dimen-
sional ultrasound image is four-dimensional when the tem-
poral dimension is included. For calculation thereof, only one
row and one column are added in the matrix calculation
described below.

[0076] In the following description, data composing one
B-mode image will be referred to as B-mode data of one
frame.

[0077] Further, the number of B-mode data corresponding
to the number of B-mode images will be referred to as the
number of frames. B-mode data of one frame corresponds to
“one ultrasound image data” in the present invention.

[0078] FIG.2isadiagram showing a detailed configuration
of the speckle/noise reduction processor 100. As shown in
FIG. 2, in order to perform a process from multiresolution
decomposition to multiresolution composition, the speckle-
noise reduction processor 100 has a multiple structure com-
posed of a plurality of hierarchies (first-order to third-order)
as shown by a dashed-dotted line. In this embodiment, in
order to facilitate the description, the highest order in the
process from multiresolution decomposition to multiresolu-
tion composition will be third-order. The process from mul-
tiresolution decomposition to multiresolution composition
can be performed in the range from first-order to n”-order (n
denotes a natural number of 2 or more).

[0079] Further, wavelet transform is used as multiresolu-
tion decomposition in this embodiment. The wavelet trans-
form is an example of multiresolution decomposition. Alter-
natively, another multiresolution decomposition method such
as the Laplacian Pyramid method or the Gabor transform may
be used.

[0080] The wavelet transform/inverse transform in this
embodiment is so-called discrete wavelet transform/inverse
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transform. In the following description, a larger order in FIG.
2 (namely, a lower position in FIG. 2) represents a higher
hierarchy.

[0081] The speckle/noise reduction processor 100, as
shown in FIG. 2, is provided with a multiresolution decom-
position part 101 (1014, 1015, 101¢), a feature amount cal-
culator 102 (102a, 1025, 102¢), a filtering processor 103
(1034, 1035, 103¢), a multiresolution composition part 104
(104a, 104b, 104c), and a high-band-level controller 105
(105a, 1055, 105¢) for each hierarchy.

[0082] Further, the speckle/noise reduction processor 100
1s provided with a frame accumulator 106.

[0083] The frame accumulator 106 has a storing medium
such as ahard disk and a memory. The frame accumulator 106
receives input of B-mode data from the signal processor 003.
Then, the frame accumulator 106 stores B-mode data of a
predetermined number of frames (number of sheets) from a
starting frame for acquisition to a latest frame. Since B-mode
data are sequentially generated with time, the B-mode data
are accumulated into the frame accumulator 106 one after
another. The respective B-mode data are data of ultrasound
images obtained by scanning the same region in the same
subject. The B-mode data of the respective frames are differ-
ent in scanned time.

[0084] When B-mode data of a new frame is inputted, the
frame accumulator 106 deletes B-mode data of the oldest
frame. However, a storing method by the frame accumulator
106 may be another method as far as the method allows
storage of B-mode data of a necessary number of frames. For
example, the method may be a method of storing B-mode data
of all frames without deleting B-mode data of old frames.

[0085] The frame accumulator 106 is equivalent to the
“data accumulator” of the present invention.

[0086] As shown in FIG. 2, the frame accumulator 106
outputs the stored B-mode data of the predetermined number
of frames, to the multiresolution decomposition part 101. In
the following description, a set of B-mode data of a predeter-
mined number of frames will be referred to as set B-mode
data.

[0087] The multiresolution decomposition part 101
receives input of the B-mode data of the predetermined num-
ber of frames (the set B-mode data) from the frame accumu-
lator 106. The multiresolution decomposition part 101 of this
embodiment performs multiresolution decomposition with
respect to the spatial direction and temporal direction. The
spatial direction represents a direction in a region in which the
subject is scanned. For example, the spatial direction in a
two-dimensional tomographic image represents two-dimen-
sional directions of the x-direction and y-direction. The spa-
tial direction in a three-dimensional tomographic image rep-
resents three-dimensional directions of the x-direction,
y-direction and z-direction. In this embodiment, because an
ultrasound image is a two-dimensional image, the multireso-
lution decomposition part 101 performs multiresolution
decomposition for a three-dimensional coordinate system
including the temporal axis (spacetime). The multiresolution
decomposition part 101 executes three-dimensional wavelet
transform on the inputted set B-mode data. The set B-mode
data is decomposed into one kind of low-band decomposition
image data and seven kinds of high-band decomposition
image data. The multiresolution decomposition part 101 is
equivalent to the “multiresolution decomposition part” of the
present invention.
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[0088] FIG. 3 is a conceptual view of multiresolution
decomposition by three-dimensional wavelet transform
including the temporal axis.

[0089] FIG. 4 is a view showing a pattern of a filter used in
the respective coordinate axis directions in three-dimensional
wavelet transform including the temporal axis. As shown in
FIGS. 3 and 4, the multiresolution decomposition part 101
performs wavelet transform on set B-mode data 300 having
spatial dimensions (X, y) and temporal dimension (t) before
multiresolution decomposition, by using a one-dimensional
low-pass filter (L) and high-pass filter (H) for the respective
coordinate axis directions (the respective dimensions) of the
xyt orthogonal coordinate axes. Through wavelet transform,
the set B-mode data 300 is decomposed into one kind of
low-band decomposition image data 301 and seven kinds of
high-band decomposition image data 302-308. The low-band
decomposition image data 301 includes low-frequency com-
ponents among frequency components in the set B-mode data
300 before multiresolution decomposition.

[0090] Further, the respective high-band decomposition
image data 302-308 include high-frequency components in at
least one coordinate-axis direction among frequency compo-
nents included in the set B-mode data 300 before multireso-
lution decomposition. FIG. 4 shows a usage condition of the
low-pass filter or the high-pass filter for each coordinate axis
with respect to the low-band decomposition image data 301
and the high-band decomposition image data 302-308 after
multiresolution decomposition. In the low-band decomposi-
tion image data 301 and high-band decomposition image data
302-308 after multiresolution decomposition, the number of
samples for each of the coordinate axes is reduced to half the
number of samples for each of the coordinate axes of the set
B-mode data 300 before multiresolution decomposition.
[0091] The multiresolution decomposition part 101 per-
forms multiresolution decomposition one time, or repeats
plural times up to the highest hierarchy. Consequently, as
shown in FIG. 2, hierarchies (three hierarchies in this embodi-
ment) are obtained. Each of the hierarchies is expressed by the
order. In the case of repeating multiresolution decomposition
plural times, the low-band decomposition image datainanext
lower hierarchy (a hierarchy shown at a next higher position
in FIG. 2) becomes input image data for the next multireso-
lution decomposition. To be specific, in a case that the mul-
tiresolution decomposition part 101 is not one belonging to
the highest hierarchy (the third-order hierarchy in this
embodiment), the multiresolution decomposition part 101a
supplies generated low-band decomposition image data to the
multiresolution decomposition part 1014. The multiresolu-
tion decomposition part 1016 supplies the generated low-
band decomposition image data to the multiresolution
decomposition part 101c.

[0092] Further, the multiresolution decomposition part
101¢ in the highest hierarchy (third-order hierarchy) supplies
the generated low-band decomposition image data to the
feature amount calculator 102¢ in the same hierarchy (third-
order hierarchy).

[0093] Further, the multiresolution decomposition part 101
in each of the hierarchies supplies the generated high-band
decomposition image data to a high-band-level controller 105
in the same hierarchy.

[0094] The feature amount calculator 102 calculates edge
information, which is a directional feature amount included in
the supplied low-band decomposition image data. In this
embodiment, information on the size of the edge is calcu-
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lated. To be specific, the information is calculated by using
the tangent direction of the edge. The feature amount calcu-
lator 102 supplies the calculated information on the size of the
edge to the high-band-level controller 105 and filtering pro-
cessor 103 in the same hierarchy.

[0095] Moreover, the feature amount calculator 102 out-
puts the low-band decomposition image data to the filtering
processor 103. The feature amount calculator 102 is equiva-
lent to the “feature amount calculator” of the present inven-
tion.

[0096] The filtering processor 103 receives input of the
low-band decomposition image data and the information on
the size of the edge from the feature amount calculator 102.
The filtering processor 103 uses a three-dimensional nonlin-
ear anisotropic diffusion filter for the supplied low-band
decomposition image data. The nonlinear anisotropic diffu-
sion filter is a filter for emphasizing components that nonlin-
early anisotropically diffuses. The edge components in the
low-band decomposition image data anisotropically diffuses
nonlinearly. Therefore, when the nonlinear anisotropic diffu-
sion filter is used for the low-band decomposition image data,
the luminance of the edge components is increased and non-
edge components are reduced. Thus, by using the nonlinear
anisotropic diffusion filter, the filtering processor 103 empha-
sizes the edge components included in the low-band decom-
position image data to generate low-band decomposition
image data with non-edge components smoothed. The filter-
ing processor 103 is equivalent to the “filtering processor” of
the present invention.

[0097] The detection of the edge information (the size of
the edge in this embodiment) as a directional feature amount
calculated by the feature amount calculator 102 and the fil-
tering process with the nonlinear anisotropic diffusion filter
by the filtering processor 103 will be described specifically. In
this embodiment, the detection of the directional feature
amount and the filtering process with the nonlinear anisotro-
pic diffusion filter are achieved by obtaining eigenvalues and
eigenvectors of a structure tensor of the low-band decompo-
sition image data. The eigenvalues and eigenvectors of the
structure tensor represent the direction of the edge, namely,
the size of the edge of the low-band decomposition image
data, respectively. In particular, a first eigenvalue and an
eigenvector corresponding thereto represent the feature of
low-band decomposition image data that has planar associa-
tion both spatially and temporally. In the following descrip-
tion, the process shall be executed on low-band decomposi-
tion image data I, and the low-band decomposition image
data I will be simply referred to as the “image [.”

[0098] The structure tensor including the temporal direc-
tion of pixels in the image 1 is defined as shown below.

S=J,(V) (Expression 1)

EoLl L
=Gyu| Kl I L,
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S11 S12 513
=112 S22 523
513 523 533
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[0099] Herein, 1 denotes spatial derivative in the x-direc-
tion of the image I, I, denotes spatial derivative in the y-di-
rection of the image I, 1, denotes temporal derivative in the
t-direction (the temporal direction) of the image [, G, denotes
a Gaussian function, and an operator “*” represents convolu-
tion. Moreover, Ag,, As, and Ag; shall be eigenvalues of a
structure tensor S, and the magnitude relation of the absolute
values thereof shall be expressed as Ag =h=hg,. In this
case, Ag, represents the first eigenvalue. A method for calcu-
lating the spatial derivative I, the spatial derivative [, and the
temporal derivative [, is not limited to the calculation method
described above. For example, instead of calculating I, I, and
1, it is possible to use a sobel filter or high-band decomposi-
tion image data in multiresolution decomposition.

[0100] Inacasethateachelement s inthe structure tensor S
has been obtained, the eigenvalues % ¢;, 1°* and A, and eigen-
vectors R and R” can be calculated by a well-known method
in linear algebra. That is to say, the eigenvalues hg,, A, and
hgy of a 3x3 matrix in Expression 1 can be calculated by
substantially solving a cubic equation by the Cardano’s
method, for example. Since the structure tensor S is a real
symmetric matrix, the eigenvalues A, Ag, and Ag; are real
numbers, and the eigenvectors R and R” are real vectors. The
eigenvectors R and R” are orthogonal to each other. The
eigenvalues Ag,. Ay, and A of the structure tensor S represent
the size of the edge, and the eigenvectors R and R represent
the direction of the edge (the tangent direction of the edge).
[0101] In this embodiment, filtering based on the direc-
tional feature is expressed by a nonlinear diffusion equation
(a partial differential equation) shown in the following
expression.

al . (Expression 2)
— =div[DVI]
dw

[0102] Herein, I denotes a pixel level (a luminance value) of
the image 1, V I denotes a gradient vector thereof, and w
denotes a temporal dimension in a physical diffusion equa-
tion. In other words, w denotes time relating to the process
and, in actual process, denotes the number of processes in this
diffusion equation. Moreover, D denotes a diffusion tensor,
which is expressed by the following expression.

di dip dis Apr 00 (Expression 3)
D=|dy dn ds|=Rl 0 A 0 [FT
diz dy dy3 0 0 Aps

[0103] Herein, R is expressed by the following expression
4.

R=(0; 0, 03) (Expression 4)

[0104] Herein, ©,, w,, w; denote eigenvectors of the diffu-
sion tensor D, and Ay, Ay, Aps denote eigenvalues of the
diffusion tensor D. Then, », in R=(w,, w,, ) represents the
normal direction of the edge.
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[0105] The eigenvalue A, of the diffusion tensor D repre-
sents the intensity of diffusion in a direction represented by
the eigenvector w,.

[0106] Similarly, the eigenvalue A, represents the inten-
sity of diffusion in a direction represented by the eigenvector
m,, and the eigenvalue A, represents the intensity of diffu-
sion in a direction represented by the eigenvector w,. By
controlling the values of the eigenvalues ., A, and A5 for
each pixel, the intensity of diffusion of the nonlinear aniso-
tropic diffusion filter is controlled. The eigenvector R is syn-
onymous with the filter direction of the nonlinear anisotropic
diffusion filter. That is to say, by properly setting the eigen-
vector R, a desired filter direction of the nonlinear anisotropic
diffusion filter is set.

[0107] Herein, the eigenvectors m,, ®, and w, of the diffu-
sion tensor D are equal to unchanged eigenvectors of the
structure tensor S of the pixels in the aforementioned image I,
or the eigenvectors in a changed order. Moreover, the eigen-
values Ap,, Ay, and A, of the diffusion tensor D depend on
the size of the edge calculated from the eigenvalues A, %,
and A of the structure tensor S described above.

[0108] The edge information is expressed by Expression 5
shown below by using the eigenvalue A, of the first eigen-
value and the eigenvalue A of the third eigenvalue. Thatis to
say, the edge information is a value represented by using the
size of the edge among the feature amount.

(As1 = .133)2] (Expression 3)

edge =1 —exp[— Iz

[0109] Herein, the edge has “magnitude™ and “direction.”
The “magnitude” is such a parameter that becomes a “small”
edge when change in intensity of an image is gentle while
becomes a “large” edge when change in intensity of an image
is steep.

[0110] The edge information is a parameter calculated by
normalizing the size of the edge into a range from Oto 1. The
edge information represents that a component is closer to an
edge component as the value of the edge information is closer
to 1, whereas a component is closer to a non-edge component
as the value of the edge information is closer to 0. A parameter
k is a parameter showing the degree of extraction of edge
components. That is to say, when the parameter k is
decreased, edge components are extracted more easily.

[0111] Furthermore, the eigenvalues Ay, Ay, and Apy of
the diffusion tensor D are calculated by using the edge infor-
mation. The eigenvalues Ay, Ay, and A5 are expressed by
Expressions 6, 7 and 8 shown below, respectively.

hp =B (1-edge)+p, edge (Expression 6)

hpo=P3(1-edge)+Pedge (Expression 7)

hp3=Ps(1-edge)+Pgedge (Expression 8)

[0112] In Expressions 6, 7 and 8, p(1-edge) represents a
non-edge component while f-edge represents an edge com-
ponent. The eigenvalues A, ., and A5 represent the inten-
sity of diffusion as described above. It is necessary to cause
the non-edge component including speckle and noise as a
reduction target not to have a directionality. That is to say, the
non-edge component needs to be diffused without depending
on a direction. For this, p,=p5=p5>0 is set.

Nov. 11, 2010

[0113] On the other hand, the directionality of an edge
component as an emphasis target needs to be more empha-
sized. That is to say, it is necessary to sharpen the vertical
direction of the edge component (the direction indicated by
the eigenvector w, of the eigenvalue A, ), and diffuse the
other directions (the direction indicated by the eigenvector o,
ofthe eigenvalue ., and the direction indicated by the eigen-
vector m; ofthe eigenvalue A5 ). Therefore, B, is setto a value
approximate to 0, while 3, and 5 are set to predetermined
values larger than {,.

[0114] Accordingly, it is possible to calculate the eigenval-
ues Ay, Ay, and A, and the eigenvectors w,, m, and w; of the
diffusion tensor D.

[0115] Therefore, it is possible to calculate each element d
of the diffusion tensor D in Expression 3, and obtain Expres-
sion 2 representing a nonlinear anisotropic diffusion filter (a
diffusion equation).

[0116] Furthermore, calculation of this obtained nonlinear
anisotropic diffusion filter (Expression 2) is performed by a
numerical analysis of a partial differential equation. That s to
say, from the respective pixel levels (pixel luminance values)
ata certain point and points around the certain point as well as
the respective element values of the diffusion tensor D at time
w, a new pixel level at the certain point at time w+Aw is
obtained, and then the time w+Aw is assumed as new time w.
This calculation is repeatedly performed a predetermined
number of times.

[0117] The numerical calculation method of Expression 2
will be described. Firstly, a method of numerical differentia-
tion in the temporal direction will be described. FIG. 5A is a
view for describing numerical differentiation in the spatial
direction. FIG. 5B is a view for describing the numerical
differentiation in the temporal direction.

[0118] Data501inFIGS. 5A and 5B has two coordinates of
one-dimensional spatial coordinate and temporal coordinate.
In FIG. 5A, the calculation of numerical differentiation and
filtering in the spatial direction is performed with data 502 of
a present position as the processing center by using data 503
of a predetermined number of near pixels on both the plus and
minus sides of the processing center.

[0119] Taking one time of numerical differentiation for an
example, when one near pixel on each of the plus and minus
sides is used, the approximate of first-order numerical differ-
entiation is expressed by Expression 9 shown below. This is
called a three-point formula.

(Expression 9)

AL -1y
ax 2

[0120] On the other hand, in FIG. 5B, numerical differen-
tiation and filtering in the temporal direction are performed
with present data 504 as the processing center. In FIG. 5B, a
future time cannot be used for the processing. For example, in
the case of setting the processing center to the past and using
the same coefficient as in the spatial direction in the calcula-
tion equation, the processing result is temporally delayed
from the present frame, and it is impossible to avoid a time
phase delay. Therefore, numerical differentiation and filter-
ing in the temporal direction need to be performed, with the
present data 504 as the processing center, by using the present
data 504 and past data 505 of a predetermined number of
pixels.
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[0121] Whena function f(x) is continuous in an interval [x,,
x,+h], the following expression is obtained.

" . (Expression 10)
gy =)L /e
v h i) w3
of )+
[0122] R,,, is a term that becomes a truncation error in

numerical calculation. When lh! is sufficiently small, R, , =0
is obtained.

[0123] From the expression 10, the following expressions
are obtained.

2

I s
Flsie) = FO0) =W i)+ 5y 70 = 3 )+

(Expression 11)

853 (Expression 12}

an s
Flxin) = £05) =20 (x;) + Tf”txi)— ?f( )+ .

[0124] Then, the following expression is obtained from
Expressions 11 and 12.

3f(xi) - (Expression 13)
4f(-p) +
i 4
fw) = f(; L {ﬁf‘”(x;) + }

[0125] When the value in the parentheses { } of Expression
13isconsidered as an error and omitted, the following expres-
sion is obtained.

() =4f(xio) + fxia)
2h

(Expression 14)

3
[l =

[0126] As expressed by the expression 14, it is possible to
obtain the approximate of the first-order numerical differen-
tiation in the temporal direction, by using data of pixels of two
frames of present data and past data. By using Expression 14,
it is possible to perform calculation by the numerical calcu-
lation method of Expression 2.

[0127] To be specific, Expression 2 can be expressed as in
the Expression 15 shown below.

al ) (Expression 15)
— =div[DVI]
ow
dy dpp d
) du dlz d13 ol 81 a1
=div|| dio dp 23[6x 3y Bt]
diz dyy ds

_6d61+6d61+6d61+
Sl o) 2o

B(d 6!] B(d 61\] 6((1 61]
5 g +$ 225,4—0_}1 85, +
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-continued
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[0128] For calculating partial differentiation of each term
of Expression 15, the approximate values of Expressions 9
and 14 described above are used.

[0129] The aforementioned processing procedure of the
nonlinear anisotropic diffusion filter will be described with
reference to FIG. 6.

[0130] FIG. 6 is a flow chart showing the processing pro-
cedure of a filtering process of the nonlinear anisotropic dif-
fusion filter in the third-order hierarchy. Although a filtering
process in the third-order hierarchy will be described below
as an example, the same processing is performed in the fil-
tering process in the first-order or second-order hierarchy.
[0131] Step S001: The multiresolution decomposition part
101¢ receives, from the multiresolution decomposition part
1015, input of data to be filtered.

[0132] Step S002: The multiresolution decomposition part
101¢ performs differentiation of the inputted data in the
respective coordinate axis directions (I, 1, I,) to generate
low-band decomposition image data and high-band decom-
position image data.

[0133] Step S003: The feature amount calculator 102¢ cal-
culates the respective elements of the structure tensor S of the
low-band decomposition image data inputted from the mul-
tiresolution decomposition part 101c. This calculation
includes calculation of the Gaussian function G,, before the
calculation of the structure tensor S.

[0134] Step S004: The feature amount calculator 102¢ cal-
culates the eigenvalues A, A, and A_ and the eigenvectors
®,, 0, and o, from the structure tensor S.

[0135] Step S005: The feature amount calculator 102¢
obtains the size of the edge from the eigenvalues A, A_, and
A5 of the structure tensor S and the direction of the edge from
the eigenvectors m,, w, and ;.

[0136] Step S006: The feature amount calculator 102¢ out-
puts the obtained size of the edge to the high-band-level
controller 105¢ in the same hierarchy.

[0137] Step S007: The filtering processor 103¢ calculates
the intensity of diffusion based on the size of the edge
obtained by the feature amount calculator 102¢, and further-
more calculates, from the obtained intensity of the diffusion
and the eigenvectors ,, m, and w; of the structure tensor S,
the respective coefficients used in the numerical analysis of
the diffusion equation (Expression 2) of the nonlinear aniso-
tropic diffusion filter.

[0138] Step S008: The filtering processor 103¢ performs
numerical analytical calculation of the diffusion equation.
[0139] Step S009: The filtering processor 103¢ determines
whether the numerical analytical calculation of the diffusion
equation has been performed a predetermined number of
times. In a case that the calculation has not been performed
the predetermined number of times, the process returns to
step S008. In a case that the calculation has been performed
the predetermined number of times, the process advances to
step S010.

[0140] Step S010: The filtering processor 103¢ outputs the
low-band decomposition image data after the filtering pro-
cess by the nonlinear anisotropic diffusion filter, to the mul-
tiresolution composition part 104¢ in the same hierarchy.
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[0141] Thehigh-band-level controller 105 receives input of
eight high-band decomposition image data from the multi-
resolution decomposition part 101 in the same hierarchy.
Moreover, the high-band-level controller 105 receives input
ofthe size of the edge from the feature amount calculator 102.
The high-band-level controller 105 executes, on the high-
band decomposition image data, a process of emphasizing the
edge portion by using information of the edge (the size of the
edge). In this embodiment, the high-band-level controller 105
calculates, for each pixel, the product of the size of the edge
calculated from the eigenvalues of the diffusion tensor D and
the respective high-band decomposition image data. More-
over, the high-band-level controller 105 multiplies the prod-
uct by a control coefficient of each of the high-band decom-
position image data. By thus calculating the product of the
size of the edge and the high-band decomposition image data,
it is possible to emphasize the edge portion while inhibiting a
portion other than the edge in this data.

[0142] Another method for processing the high-band
decomposition image data using the size of the edge (the edge
information) is a method of multiplying a region other than
the edge by a control coefficient of each high-band image. By
performing such a process, it is possible to emphasize the
edge portion in the high-band decomposition image data. The
high-band-level controller 105 outputs the high-band decom-
position image data after the aforementioned process of
emphasizing the edge portion, to the multiresolution compo-
sition part 104 in the same hierarchy. This high-band-level
controller 105 is equivalent to the “high-band-level control-
ler” of the present invention.

[0143] The multiresolution composition part 104 receives
input of one low-band decomposition image data from the
filtering processor 103.

[0144] Further, the multiresolution composition part 104
receives input of seven high-band decomposition image data
from the high-band-level controller 105. The multiresolution
composition part 104 composes the one low-band decompo-
sition image data and seven high-band decomposition image
data having been inputted to generate one composite image.
When generating a composite image, the multiresolution
composition part 104 performs inverse wavelet transform
based on the one low-band decomposition image data and the
seven high-band decomposition image data. In this generated
composite image, the number of samples per coordinate axis
is twice that in the image inputted from the filtering processor
103. The multiresolution composition part 104 in the second-
order or higher-order hierarchy (the multiresolution compo-
sition part 1045 or 104¢ in this embodiment) outputs the
formed image to the feature amount calculator 102 in a next
lower hierarchy.

[0145] Further, the multiresolution composition part 104 in
the first-order hierarchy (the multiresolution composition
part 104q in this embodiment) outputs the formed image to
the image generator 004.

[0146] This multiresolution composition part 104 is
equivalent to the “multiresolution composition part” of the
present invention.

[0147] Withreferenceto F1G. 7, the flow of a general opera-
tion of the ultrasound diagnosis apparatus according to this
embodiment will be described. FIG. 7 is a flow chart of the
general operation of the ultrasound diagnosis apparatus
according to this embodiment. A B-mode image will be taken
for an example below again.
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[0148] Step S101: Thetransceiver 002 transmits ultrasound
waves 1o a subject via the ultrasound probe 001, and receives
echo signals based on ultrasound echoes reflected by the
subject.

[0149] Step S102: The signal processor 003 executes signal
processing such as logarithmic compression and envelope
detection on the echo signals inputted from the transceiver
002.

[0150] Step S103: The speckle/noise reduction processor
100 stores B-mode data inputted from the signal processor
003 into the frame accumulator 106 for each frame.

[0151] Step S104: Based on B-mode data of a predeter-
mined number of frames back from latest B-mode data stored
in the frame accumulator 106, the speckle/noise reduction
processor 100 performs multiresolution decomposition, fea-
ture amount calculation, filtering process, high-band-level
control, and multiresolution composition to execute the
speckle/noise reduction process on the latest B-mode data.
[0152] Step S105: The image generator 004 executes, on
the B-mode data inputted from the speckle/noise reduction
processor 100 after the speckle/noise reduction process, coor-
dinate axis conversion or the like to generate an ultrasound
image of the B-mode data.

[0153] Step S106: The display controller 005 causes the
display 007 to display the ultrasound image inputted from the
image generator 004.

[0154] Step S107: The integrated controller 009 determines
whether the examination has finished. In a case that the
examination has not finished, the process returns to step S101.
In a case that the examination has finished, the operation of
the ultrasound diagnosis apparatus is stopped.

[0155] The above description has been made by using a
two-dimensional tomographic image as a target of the
speckle/noise reduction process. As a target of the speckle/
noise reduction process, it is also possible to use a three-
dimensional tomographic image such as three-dimensional
volume data. The speckle/noise reduction process on a three-
dimensional tomographic image can be executed by adding
one dimension to the aforementioned process. To be specific,
in the calculation of'the size of the edge and the calculation in
the filtering process, one row and one column can be added to
the matrix.

[0156] The speckle/noise reduction processor 100 is placed
after the signal processor 003. The speckle/noise reduction
processor 100 may be placed after the image generator 004. In
a case that the speckle/noise reduction processor 100 is
placed after the image generator 004, the speckle/noise reduc-
tion process is executed on an ultrasound image on which the
coordinate axis conversion has been executed. Inthis case, the
ultrasound probe 001, the transceiver 002, the signal proces-
sor 003, and the image generator 004 are equivalent to the
“image generator” of the present invention, and the display
controller 005 is equivalent to the “display controller” of the
present invention.

[0157] As described above, the ultrasound diagnosis appa-
ratus according to this embodiment performs multiresolution
decomposition in the spatial direction and the temporal direc-
tion of raw data in each mode such as B-mode or Doppler
mode to calculate a directional feature amount. By using a
filter utilizing the directional feature amount, change in noise
and speckle in the spatial direction and the temporal direction
is reduced. Consequently, it is possible to generate such an
image that is smooth not only in the spatial direction but also
in the temporal direction and has an emphasized tissue part.
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[0158] Further, the ultrasound diagnosis apparatus accord-
ing to this embodiment is configured to calculate, for numeri-
cal differentiation in the temporal direction, by using data of
plural frames including present and past frames, by an equa-
tion and coefficient different from those for the spatial direc-
tion. Consequently, a filtering process without a time phase
delay is allowed.

[0159] Further, inthis embodiment, an image with the more
emphasized edge is generated by using the high-band-level
controller 105 to execute the process on high-band decompo-
sition image data and emphasize an edge portion of the high-
band decomposition image data.

[0160] However, it is also possible to generate a composite
image in the multiresolution composition part 104 by using
high-band decomposition image data as it is, without using
the high-band-level controller 105 and without executing the
process on the high-band decomposition image data. In this
case, though the degree of emphasis of a tissue portion
becomes weaker than in the case of using the high-band-level
controller 105, it becomes possible to generate an image that
1s smooth in the temporal direction.

[0161] The multiresolution decomposition part 101, the
feature amount calculator 102, the filtering processor 103, the
multiresolution composition part 104, and the high-band-
level controller 105 may be placed for each hierarchy (for
each order from the first-order to the n”-order in FIG. 2). The
process in each hierarchy (each order) may be sequentially
performed by one set of multiresolution decomposition part
101, feature amount calculator 102, filtering processor 103,
multiresolution composition part 104 and high-band-level
controller 105.

Second Embodiment

[0162] An ultrasound diagnosis apparatus according to a
second embodiment of the present invention will be described
below. The ultrasound diagnosis apparatus according to this
embodiment is different in configuration from the first
embodiment in that B-mode data after the speckle/noise
reduction process is used to execute the speckle/noise reduc-
tion process on a next frame. The configuration of the ultra-
sound diagnosis apparatus according to this embodiment will
be shown by the block diagram of FIG. 1. In the following
description, function parts denoted by the same reference
numerals as in the first embodiment have the same functions
as far as there is no specific description.

[0163] FIG. 8 is a view for describing accumulation of
B-mode data and a process using the accumulated B-mode
data. In order to facilitate the description, FIG. 8 shows two
dimensions of the spatial axis and temporal axis.

[0164] The frame accumulator 106 stores B-mode data
inputted from the signal processor 003 sequentially with time.
The latest B-mode data is B-mode data 801. The speckle/
noise reduction processor 100 performs the speckle/noise
reduction process on the B-mode data 801 by using set
B-mode data 300. The set B-mode data 300 is the set of
B-mode data of a predetermined number of frames including
the B-mode data 801 stored in the frame accumulator 106.
[0165] Then, the frame accumulator 106 deletes the
unprocessed B-mode data 801, and stores the B-mode data
801 having been processed (referred to as the processed
B-mode data 801 hereinafter) as B-mode data of the latest
frame. After that, when B-mode data of the next frame (re-
ferred to as B-mode data 802) is inputted from the signal
processor 003, the B-mode data 802 is stored as the latest
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frame into the frame accumulator 106. Then, the speckle/
noise reduction processor 100 executes the speckle/noise
reduction process on the B-mode data 802, and the frame
accumulator 106 stores the processed B-mode data 802. By
repeating the process as described above, the processing
results of the past B-mode data are accumulated in the tem-
poral direction into the frame accumulator 106, and it is
possible to perform the speckle/noise reduction process of the
latest B-mode data by using the accumulated processed
B-mode data. The frame accumulator 106 is equivalent to the
“data accumulator” in the present invention.

[0166] Thus, the ultrasound diagnosis apparatus according
to this embodiment is configured to execute the speckle/noise
reduction process on the latest B-mode data by using the past
B-mode data on which the speckle/noise reduction process
has been executed.

[0167] Consequently, since it is possible to use smooth
B-mode data having already been processed in the speckle/
noise reduction process in the temporal direction, it becomes
possible to more efficiently reduce change in speckle/noise in
the temporal direction and perform a process without a time
phase delay.

(Modification 1)

[0168] Next, another example of the ultrasound diagnosis
apparatus according to the present invention will be
described. In this modification, unprocessed B-mode data are
accumulated. At the time of execution of the speckle/noise
reduction process, the latest unprocessed frame is outputted
to the frame accumulator 106.

[0169] FIG. 9 is a view for describing accumulation of
B-mode data and the process using the accumulated B-mode
data in this modification.

[0170] FIG. 9is expressed in two-dimensions of the spatial
axis and the temporal axis.

[0171] The ultrasound diagnosis apparatus of this modifi-
cation has a configuration that an unprocessed frame accu-
mulator 107 shown by a dotted line is added to the ultrasound
diagnosis apparatus according to the second embodiment.
[0172] The unprocessed frame accumulator 107 has a stor-
ing medium such as a memory and a hard disk.

[0173] The unprocessed frame accumulator 107 stores
B-mode data inputted from the signal processor 003 sequen-
tially with time. The unprocessed frame accumulator 107
may store B-mode data of all the frames, or may store B-mode
data of a predetermined number of frames.

[0174] Inthe configuration to store B-mode data of a pre-
determined number of frames, when new unprocessed
B-mode data 901 is inputted, the oldest unprocessed B-mode
data is deleted.

[0175] The frame accumulator 106 requests input of the
B-mode data 901 before the speckle/noise reduction process,
to the unprocessed frame accumulator 107. In response to the
input request, the unprocessed frame accumulator 107 inputs
the latest unprocessed B-mode data 901 into the frame accu-
mulator 106.

[0176] The frame accumulator 106 stores B-mode data 902
after the speckle/noise reduction process of frames of one less
than a predetermined number. The frame accumulator 106
outputs, to the multiresolution decomposition part 101, the
unprocessed B-mode data 901 copied from the unprocessed
frame accumulator 107 and the stored processed B-mode data
902. Then, the frame accumulator 106 stores the processed
B-mode data after the speckle/noise reduction process by the
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speckle/noise reduction processor 100. At this moment, the
frame accumulator 106 deletes the oldest processed B-mode
data.

[0177] Withsucha configuration, it is also possible to more
efficiently reduce change in speckle/noise in the temporal
direction and perform a process without a time phase delay.

What is claimed is:

1. An ultrasound diagnosis apparatus, comprising;

an image generator configured to execute transmission and
reception of ultrasound waves to chronologically gener-
ate ultrasound image data of plural frames;

a multiresolution decomposition part configured to hierar-
chically execute multiresolution decomposition on the
ultrasound image data to obtain first-order to n-order (n
represents a natural number of 2 or more) low-band
decomposition image data and first-order to n™-order
high-band decomposition image data;

a feature amount calculator configured to calculate a fea-
ture amount based on the obtained low-band decompo-
sition image data;

a filtering processor configured to execute a filter operation
on the calculated feature amount; and

a multiresolution composition part configured to execute
multiresolution composition by using the low-band
decomposition image data and the high-band decompo-
sition image data to generate a composite image.

2. The ultrasound diagnosis apparatus according to claim

1, further comprising a data accumulator configured to store
the ultrasound image data, wherein the filtering processor is
configured to, as a filtering process on ultrasound image data
of at” frame among the plural frames, numerically analyze a
diffusion equation by using pixel values of pixels at a same
position in ultrasound image data of each of frames of a
predetermined number of frames back from a (t-1)” frame
stored in the data accumulator to calculate pixel values of
respective pixels at the same position in ultrasound image
data of the t” frame.

3. The ultrasound diagnosis apparatus according to claim

1, further comprising a data accumulator configured to store
the low-band decomposition image data, wherein the filtering
processor is configured 1o, as a filtering process on ultrasound
image data of a t* frame, numerically analyze a diffusion
equation by using pixel values of pixels at a same position in
low-band decomposition image data of each of frames of a
predetermined number of frames back from a (t-1)” frame
stored in the data accumulator to calculate pixel values of
respective pixels at the same position in processed low-band
decomposition image data of the t* frame.

4. The ultrasound diagnosis apparatus according to claim

1, wherein:
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the filtering processor is configured to use a filter expressed
by a nonlinear diffusion equation; and
in the case of execution of numerical analysis of the non-
linear diffusion equation,
Sf/ox={L, -1\ }"2

is used as numerical differentiation in a spatial direction and
B /at={31-41,_ -1, )} /2

is used as numerical differentiation in a temporal direction,
wherein [, represents a pixel value whenx is i and I, represents
a pixel value at time t.

5. The ultrasound diagnosis apparatus according to claim
1, wherein the feature amount calculator is configured to
calculate a structure tensor of each pixel, calculate eigenval-
ues and eigenvectors by using the structure tensor, and calcu-
late a feature amount by using the eigenvalues and the eigen-
vectors.

6. The ultrasound diagnosis apparatus according to claim

1, wherein the filtering processor is configured by a nonlinear
anisotropic diffusion filter.

7. The ultrasound diagnosis apparatus according to claim

1, further comprising a high-band-level controller configured
to execute a filtering process of emphasizing an edge on the
high-band decomposition image data and output the pro-
cessed high-band decomposition image data to the multireso-
lution composition part.

8. An ultrasound diagnosis apparatus, comprising:

an image generator configured to execute transmission and
reception of ultrasound waves to chronologically gener-
ate ultrasound image data of plural frames;

a multiresolution decomposition part configured to hierar-
chically execute multiresolution decomposition on the
ultrasound image data to obtain first-order to n”-order (n
represents a natural number of 2 or more) low-band
decomposition image data and first-order to n*-order
high-band decomposition image data;

a multiresolution composition part configured to perform
multiresolution composition by using the low-band
decomposition image data and the high-band decompo-
sition image data to generate a composite image;

a feature amount calculator configured to calculate a fea-
ture amount based on the obtained low-band decompo-
sition image data;

a filtering processor configured to perform a filter opera-
tion on the calculated feature amount; and

a high-band-level controller configured to weight the first-
order to n”-order high-band decomposition image data
obtained from the multiresolution decomposition part,
by a feature amount of each corresponding order.

* 0ok ok kX%
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