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(57) ABSTRACT

An ultrasound diagnosis apparatus according to an embodi-
ment includes a decomposing unit, a diffusion filter unit, an
adjusting unit, and a reconstructing unit. The decomposing
unit decomposes ultrasound image data into low-frequency
and high-frequency decomposed image data at each of a
predetermined number of levels, by a multi-resolution analy-
sis. The diffusion filter unit applies a diffusion filter to the
low-frequency and high-frequency decomposed image data
at the lowest level and applies, at each of the levels other than
the lowest, a diffusion filter to data output from the level
immediately underneath and to the high-frequency decom-
posed image data, and also generates edge information for
each of the levels. The adjusting unit adjusts a signal level of
the high-frequency decomposed image data for each of the
levels, based on the edge information. The reconstructing unit
obtains corrected data of the ultrasound image data by per-
forming a multi-resolution synthesis.
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ULTRASOUND DIAGNOSIS APPARATUS,
IMAGE PROCESSING APPARATUS, AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2012/066886 filed on Jul.
2, 2012 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2011-146254, filed on
Jun. 30, 2011, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus, an image processing appa-
ratus, and an image processing method.

BACKGROUND

[0003] As a process to eliminate speckles occurring in an
ultrasound image, a filtering process in which a multi-reso-
lution analysis is combined with a non-linear anisotropic
diffusion filter is conventionally known.

[0004] During a diffusion filtering process that uses a non-
linear anisotropic diffusion filter, by applying mutually-dif-
ferent processes to an edge portion and to portions other than
the edge portion, it is possible to obtain an image in which the
edge is enhanced and from which speckles are eliminated.
Further, when a multi-resolution analysis is performed, by
sequentially performing processes from a broad-perspective
process targeting a low-resolution image to a localized pro-
cess targeting a high-resolution image, it is possible to per-
form the diffusion filtering process at a higher speed and more
efficiently.

[0005] In other words, during the filtering process
described above, the diffusion filtering process is applied
either to the low-frequency image resulting from the multi-
resolution decomposition or to the high-order multi-resolu-
tion decomposed image, which is the data output from the
level immediately underneath. In this situation, the non-linear
anisotropic diffusion filter has a function to enhance the edge.
However, when the diffusion filtering process is performed on
an image having a low spatial frequency, the structure in a
broad perspective is to be enhanced. It is therefore difficult to
apply a strong edge enhancement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a drawing for explaining an exemplary
configuration of an ultrasound diagnosis apparatus according
to a present embodiment;

[0007] FIG. 2 is a drawing for explaining an exemplary
functional configuration of an image processing unit in a
situation where the number of levels is set to “3”;

[0008] FIG. 3 is a drawing for explaining a conventional
method;
[0009] FIG. 4A and FIG. 4B are drawings for explaining

the problem of the conventional method,

[0010] FIG. 5 is a drawing for explaining a speckle elimi-
nating process performed by the image processing unit
according to the present embodiment;

[0011] FIG. 6A and FIG. 6B are drawings for explaining
the advantageous effects of the present embodiment;
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[0012] FIG. 7 is a flowchart for explaining a process per-
formed by a decomposing unit according to the present
embodiment;

[0013] FIG. 8 is a flowchart for explaining a process per-
formed at Level 3 by the image processing unit according to
the present embodiment;

[0014] FIG. 9 is a flowchart for explaining a process per-
formed at Level 2 by the image processing unit according to
the present embodiment; and

[0015] FIG. 10 is a flowchart for explaining a process per-
formed at Level 1 by the image processing unit according to
the present embodiment.

DETAILED DESCRIPTION

[0016] An ultrasound diagnosis apparatus according to an
embodiment includes a decomposing unit, a diffusion filter
unit, an adjusting unit, and a reconstructing unit. The decom-
posing unit is configured to decompose ultrasound image data
into low-frequency decomposed image data and high-fre-
quency decomposed image data at each of a predetermined
number of hierarchical levels, by performing a hierarchical
multi-resolution analysis. The diffusion filter unit is config-
ured to apply, at a lowest hierarchical level of the predeter-
mined number of hierarchical levels, a non-linear anisotropic
diffusion filter to the low-frequency decomposed image data
and the high-frequency decomposed image data at the lowest
hierarchical level, configured to apply, at each of the hierar-
chical levels higher than the lowest hierarchical level, a non-
linear anisotropic diffusion filter to data output from a hier-
archical level immediately underneath that has been
reconstructed by performing a multi-resolution analysis and
to the high-frequency decomposed image data at that hierar-
chical level, and configured to generate, for each of the hier-
archical levels, edge information of a signal either from the
low-frequency decomposed image data at the lowest hierar-
chical level or from the data output from the hierarchical level
immediately underneath. The adjusting unit is configured to
adjusta signal level of the high-frequency decomposed image
data for each of the hierarchical levels, based on the edge
information obtained at each of the hierarchical levels. The
reconstructing unit is configured to obtain corrected data of
the ultrasound image data by hierarchically performing a
multi-resolution synthesis on data output from the diffusion
filter unit and data output from the adjusting unit that are
obtained at each of the hierarchical levels.

[0017] In the following sections, exemplary embodiments
of an ultrasound diagnosis apparatus will be explained in
detail, with reference to the accompanying drawings.

[0018] First, a configuration of an ultrasound diagnosis
apparatus according to an exemplary embodiment will be
explained. FIG. 1 is a drawing for explaining an exemplary
configuration of the ultrasound diagnosis apparatus accord-
ing to the present embodiment. As shown in FIG. 1, the
ultrasound diagnosis apparatus according to the present
embodiment includes an ultrasound probe 1, a monitor 2, an
input device 3, and an apparatus main body 10.

[0019] Theultrasound probe 1 includes a plurality of piezo-
electric transducer elements, which generate an ultrasound
wave based on a drive signal supplied from a transmitting unit
11 included in the apparatus main body 10 (explained later).
Further, the ultrasound probe 1 receives a reflected wave from
a subject P and converts the received reflected wave into an
electric signal. Further, the ultrasound probe 1 includes
matching layers included in the piezoelectric transducer ele-
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ments, as well as a backing material that prevents ultrasound
waves from propagating rearward from the piezoelectric
transducer elements. The ultrasound probe 1 is detachably
connected to the apparatus main body 10.

[0020] When an ultrasound wave is transmitted from the
ultrasound probe 1 to the subject P, the transmitted ultrasound
wave is repeatedly reflected on a surface of discontinuity of
acoustic impedances at a tissue in the body of the subject P
and is received as a reflected-wave signal by the plurality of
piezoelectric transducer elements included in the ultrasound
probe 1. The amplitude of the received reflected-wave signal
is dependent on the difference between the acoustic imped-
ances on the surface of discontinuity on which the ultrasound
wave is reflected. When the transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream or a cardiac
wall, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity compo-
nent of the moving object with respect to the ultrasound wave
transmission direction.

[0021] It should be noted that the present embodiment is
applicable to a situation where the ultrasound probe 1 is an
ultrasound probe configured to scan the subject P two-dimen-
sionally and to a situation where the ultrasound probe 1 is an
ultrasound probe configured to scan the subject P three-di-
mensionally, while using the ultrasound waves. An example
of the ultrasound probe 1 configured to scan the subject P
three-dimensionally is a mechanical scan probe that scans the
subject P three-dimensionally by causing a plurality of ultra-
sound transducer elements which scans the subject P two-
dimensionally to swing at a predetermined angle (a swinging
angle). Another example of the ultrasound probe 1 configured
to scan the subject P three-dimensionally is a two-dimen-
sional ultrasound probe (a 2D probe) that performs an ultra-
sound scan on the subject P three-dimensionally by using a
plurality of ultrasound transducer elements that are arranged
in a matrix formation. The 2D probe is also able to scan the
subject P two-dimensionally by transmitting the ultrasound
waves in a converged manner.

[0022] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, ajoystick, and the like. The input device 3
receives various types of setting requests from an operator of
the ultrasound diagnosis apparatus and transfers the received
various types of setting requests to the apparatus main body
10.

[0023] The monitor 2 displays a Graphical User Interface
(GUI) used by the operator of the ultrasound diagnosis appa-
ratus to input the various types of setting requests through the
input device 3 and displays an ultrasound image and the like
generated by the apparatus main body 10.

[0024] The apparatus main body 10 is an apparatus that
generates the ultrasound image based on the reflected wave
received by the ultrasound probe 1. As shown in FIG. 1, the
apparatus main body 10 includes the transmitting unit 11, a
receiving unit 12, a B-mode processing unit 13, a Doppler
processing unit 14, an image generating unit 15, an image
processing unit 16, an image memory 17, a controlling unit
18, and an internal storage unit 19.

[0025] The transmitting unit 11 includes a trigger generat-
ing circuit, a transmission delaying circuit, a pulser circuit,
and the like and supplies the drive signal to the ultrasound
probe 1. The pulser circuit repeatedly generates a rate pulse
for forming a transmission ultrasound wave at a predeter-
mined rate frequency. The transmission delaying circuit
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applies a delay time that is required to converge the ultra-
sound wave generated by the ultrasound probe 1 into the form
of a beam and to determine transmission directionality and
that corresponds to each of the piezoelectric transducer ele-
ments, to each of the rate pulses generated by the pulser
circuit. Further, the trigger generating circuit applies a drive
signal (a drive pulse) to the ultrasound probe 1 with timing
based on the rate pulses. In other words, the transmission
delaying circuit arbitrarily adjusts the directions of the trans-
missions from the surface of the piezoelectric transducer
element, by varying the delay time applied to the rate pulses.
[0026] The transmitting unit 11 has a function to be able to
instantly change the transmission frequency, the transmission
drive voltage, and the like, for the purpose of executing a
predetermined scanning sequence based on an instruction
from the controlling unit 18 (explained later). In particular,
the configuration to change the transmission drive voltage is
realized by using a linear-amplifier-type transmitting circuit
of which the value can be instantly switched or by using a
mechanism configured to electrically switch between a plu-
rality of power source units.

[0027] The receiving unit 12 includes an amplifier circuit,
an Analog/Digital (A/D) converter, an adder, and the like and
generates reflected-wave data by performing various types of
processes on the reflected-wave signal received by the ultra-
sound probe 1. The amplifier circuit amplifies the reflected-
wave signal for each of channels and performs a gain correct-
ing process thereon. The A/D converter applies an A/D
conversion to the gain-corrected reflected-wave signal and
applies a delay time required to determine reception direc-
tionality to digital data. The adder generates the reflected-
wave data by performing an adding process on the reflected-
wave signals processed by the A/D converter. As a result of
the adding process performed by the adder, reflected compo-
nents from the direction corresponding to the reception direc-
tionality of the reflected-wave signal are emphasized.

[0028] In this manner, the transmitting unit 11 and the
receiving unit 12 control the transmission directionality and
the reception directionality in the transmission and the recep-
tion of the ultrasound wave.

[0029] In this situation, if the ultrasound probe 1 is config-
ured to be able to perform a three-dimensional scan, the
transmitting unit 11 and the receiving unit 12 are each able to
also cause a three-dimensional ultrasound beam to be trans-
mitted from the ultrasound probe 1 to the subject P, so that
three-dimensional reflected-wave data is generated from
three-dimensional reflected-wave signals received by the
ultrasound probe 1.

[0030] The B-mode processing unit 13 receives the
reflected-wave data from the receiving unit 12 and generates
data (B-mode data) in which the strength of each signal is
expressed by a degree of brightness, by performing a loga-
rithmic amplification, an envelope detection process, and the
like on the received reflected-wave data.

[0031] The Doppler processing unit 14 extracts blood-
streams, tissues, and contrast echo components under the
influence of the Doppler effect by performing a frequency
analysis so as to obtain velocity information from the
reflected-wave data received from the receiving unit 12, and
further generates data (Doppler data) obtained by extracting
moving object information such as an average velocity, the
dispersion, the power, and the like for a plurality of points.
[0032] The B-mode processing unit 13 and the Doppler
processing unit 14 according to the present embodiment are
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able to process both two-dimensional reflected-wave data and
three-dimensional reflected-wave data. In other words, the
B-mode processing unit 13 is able to generate two-dimen-
sional B-mode data from two-dimensional reflected-wave
data and is also able to generate three-dimensional B-mode
data from three-dimensional reflected-wave data. The Dop-
pler processing unit 14 is able to generate two-dimensional
Doppler data from two-dimensional reflected-wave data and
is also able to generate three-dimensional Doppler data from
three-dimensional reflected-wave data.

[0033] The image generating unit 15 generates ultrasound
image data based on the reflected wave received by the ultra-
sound probe 1. In other words, the image generating unit 15
generates the ultrasound image data to be output to the moni-
tor 2, from the data generated by the B-mode processing unit
13 and the Doppler processing unit 14. More specifically,
from the two-dimensional B-mode data generated by the
B-mode processing unit 13, the image generating unit 15
generates B-mode image data in which the strength of the
reflected wave is expressed by a degree of brightness. Further,
from the two-dimensional Doppler data generated by the
Doppler processing unit 14, the image generating unit 15
generates an average velocity image, a dispersion image, and
apower image, expressing the moving object information, or
Doppler image data, which is an image combining these
images.

[0034] In this situation, generally, the image generating
unit 15 converts (by performing a scan convert process) a
scanning line signal sequence from an ultrasound scan into a
scanning line signal sequence in a video format used by, for
example, television and generates display-purpose ultra-
sound image data. More specifically, the image generating
unit 15 generates the display-purpose ultrasound image data
by performing a coordinate transformation process compliant
with the ultrasound scanning form by the ultrasound probe 1.
Further, the image generating unit 15 synthesizes text infor-
mation of various parameters, scale graduations, body marks,
and the like with the display-purpose ultrasound image data.
[0035] In other words, the B-mode data and the Doppler
data are the ultrasound image data before the scan convert
process is performed. The data generated by the image gen-
erating unit 15 is the display-purpose ultrasound image data
obtained after the scan convert process is performed. The
B-mode data and the Doppler data may be referred to as raw
data.

[0036] Further, the image generating unit 15 is also able to
generate three-dimensional ultrasound image data. In other
words, the image generating unit 15 is also able to generate
three-dimensional B-mode image data by performing a coor-
dinate transformation process on the three-dimensional
B-mode data generated by the B-mode processing unit 13.
The image generating unit 15 is also able to generate three-
dimensional color Doppler image data by performing a coor-
dinate transformation process on the three-dimensional Dop-
pler data generated by the Doppler processing unit 14.
[0037] Further, the image generating unit 15 is also able to
perform various types of rendering processes on three-dimen-
sional ultrasound image data (volume data). More specifi-
cally, the image generating unit 15 is able to generate display-
purpose two-dimensional ultrasound image data by
performing a rendering process on three-dimensional ultra-
sound image data. An example of the rendering process per-
formed by the image generating unit 15 is a process to recon-
struct a Multi Planar Reconstruction (MPR) image by
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implementing an MPR method. Another example of the ren-
dering process performed by the image generating unit 15 is
a Volume Rendering (VR) process to generate a two-dimen-
sional image in which three-dimensional information is
reflected.

[0038] The image processing unit 16 is a processing unit
that performs various types of image processing on the ultra-
sound image data. In the present embodiment, the image
processing unit 16 performs processes to eliminate speckles
and to enhance the edge on the ultrasound image data.
[0039] To serve as a processing unit that performs such
processes, the image processing unit 16 includes a decom-
posing unit 161, a diffusion filter unit 162, an adjusting unit
163, and a reconstructing unit 164, as shown in FIG. 1. The
decomposing unit 161 is a processing unit that deconiposes
image data into low-frequency decomposed image data and
high-frequency decomposed image data by performing a
multi-resolution analysis. The diffusion filter unit 162 is a
processing unit that detects edge information from image data
and applies a non-linear anisotropic diffusion filter based on
the detected edge information. The adjusting unit 163 is a
processing unit that adjusts a signal level of the image data.
The reconstructing unit 164 is a processing unit that performs
a reconstructing process to synthesize together low-fre-
quency decomposed image data and high-frequency decom-
posed image data by performing a multi-resolution analysis.
[0040] In the present embodiment, an example will be
explained in which the decomposing unit 161 performs a
wavelet transform as a decomposing process realized by the
multi-resolution analysis, whereas the reconstructing unit
164 performs a wavelet inverse transform as a synthesizing
process (a reconstructing process) realized by the multi-reso-
lution analysis. It should be noted, however, that the present
embodiment is also applicable to the situation where the
decomposing unit 161 and the reconstructing unit 164 per-
form a multi-resolution decomposition and a multi-resolution
synthesis by implementing a Laplacian pyramid method.
[0041] Further, the ultrasound image data used as a pro-
cessing target by the image processing unit 16 may be the raw
data generated by the B-mode processing unit 13 and the
Doppler processing unit 14 or may be the display-purpose
ultrasound image data generated by the image generating unit
15. Processes performed by the image processing unit 16
according to the present embodiment will be explained later.
[0042] The image memory 17 is a memory for storing
therein the ultrasound image data generated by the image
generating unit 15 and processing results of the image pro-
cessing unit 16. Further, the image memory 17 is also able to
store therein the raw data generated by the B-mode process-
ing unit 13 and the Doppler processing unit 14.

[0043] The internal storage unit 19 stores therein various
types of data such as a control program to realize ultrasound
transmissions and receptions, image processing, and display
processing, as well as diagnosis information (e.g., patients’
1Ds, medical doctors’ observations), diagnosis protocols, and
various types of body marks. Further, the internal storage unit
19 may be used, as necessary, for storing therein any of the
images stored in the image memory 17. Furthermore, the data
stored in the internal storage unit 19 can be transferred to any
external peripheral device via an interface circuit (not
shown).

[0044] The controlling unit 18 is a controlling processor (a
Central Processing Unit (CPU)) that realizes functions of an
information processing apparatus and is configured to control
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the entire processes performed by the ultrasound diagnosis
apparatus. More specifically, based on the various types of
setting requests input by the operator via the input device 3
and various types of control programs and various types of
data read from the internal storage unit 19, the controlling unit
18 controls processes performed by the transmitting unit 11,
the receiving unit 12, the B-mode processing unit 13, the
Doppler processing unit 14, the image generating unit 15, and
the image processing unit 16. Further, the controlling unit 18
exercises control so that the monitor 2 displays the ultrasound
image data stored in the image memory 17 and various types
of image data stored in the internal storage unit 19, or a GUI
used for realizing the processes performed by the image pro-
cessing unit 16 and the processing results of the image pro-
cessing unit 16, and the like.

[0045] An overall configuration of the ultrasound diagnosis
apparatus according to the present embodiment has thus been
explained. The ultrasound diagnosis apparatus according to
the present embodiment configured as described above cap-
tures an ultrasound image by performing an ultrasound trans-
mission and reception. In this situation, when reflecting
objects of which the size is very much smaller than the wave-
length of the transmitted ultrasound wave are densely present,
the reflected-wave signals interfere with one another. The
magnitude of the interference is represented by a magnitude
of the amplitude of the reflected-wave signal. As a result,
dot-like artifacts (speckles) occur in an ultrasound image
depicting such amplitude information.

[0046] Such speckles hinder an accurate visual perception
of the position of a border between living tissues or the shape
of living tissues. For this reason, various types of processes to
eliminate speckles have conventionally been performed. For
example, according to a speckle eliminating method that uses
a multi-resolution analysis (MRA), a multi-resolution
decomposition is performed on ultrasound image data, so that
threshold processing or a weighting process is performed on
high-frequency components of the decomposed image at
each of the different levels. As a result, the speckles are
eliminated; however, ultrasound images obtained by display-
ing ultrasound image data processed in such a manner may
seem artificial to viewers.

[0047] As another example, according to a speckle elimi-
nating method that uses a non-linear anisotropic diffusion
filter, mutually-different processes are applied to an edge
portion (a border potion between tissues) and to portions
other than the edge portion. As a result, it is possible to obtain
an image in which the edge is enhanced and from which the
speckles are eliminated. However, because the non-linear
anisotropic diffusion filter requires a calculation process to
obtain a solution of a partial differential equation, the com-
puting process takes time. In addition, when the process using
the non-linear anisotropic diffusion filter is performed alone,
although a certain degree of speckle reducing effect is
achieved, the level of speckle eliminating effect may not be
sufficiently high.

[0048] To cope with this situation, in recent years, a speckle
eliminating method has been developed by which a filtering
process is performed by combining a multi-resolution analy-
sis with a non-linear anisotropic diffusion filter. In the follow-
ing sections, the speckle eliminating method by which the
filtering process is performed by combining a multi-resolu-
tion analysis with a non-linear anisotropic diffusion filter will
be referred to as “the conventional method”.
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[0049] According to the conventional method, for example,
ultrasound image data is multi-resolution decomposed into
low-frequency decomposed image data and high-frequency
decomposed image data at a predetermined number of hier-
archical levels (predetermined multiple levels), by perform-
ing a wavelet transform. Further, according to the conven-
tional method, processes using non-linear anisotropic
diffusion filters are sequentially performed from the image
data in a lower level to the image data in an upper level.
[0050] Next, an example in which the image processing
unit 16 illustrated in FIG. 1 implements the conventional
method will be explained. For example, if the number of
levels in the multi-resolution decomposition is “3”, the
decomposing unit 161, the diffusion filter unit 162, the adjust-
ing unit 163, and the reconstructing unit 164 included in the
image processing unit 16 illustrated in FIG. 1 have a func-
tional configuration illustrated in FIG. 2, under the control of
the controlling unit 18. FIG. 2 is a drawing for explaining the
exemplary functional configuration of the image processing
unit in the situation where the number of levels is set to “3”.
[0051] When the number of levels is set to “3”, the decom-
posing unit 161 is configured as three functional processing
units that are namely a first decomposing unit 161a, a second
decomposing unit 1615, and a third decomposing unit 161c,
as shown in FIG. 2, so as to perform processes at Level 1,
Level 2, and Level 3, respectively. Further, the diffusion filter
unit 162 is configured as three functional processing units that
are namely a first diffusion filter unit 162, a second diffusion
filter unit 1624, and a third diffusion filter unit 162¢, as shown
in FIG. 2, so as to perform processes at Level 1, Level 2, and
Level 3, respectively.

[0052] In addition, the adjusting unit 163 is configured as
three functional processing units that are namely a first
adjusting unit 163a, a second adjusting unit 1635, and a third
adjusting unit 163¢, as shown in FIG. 2, so as to perform
processes at Level 1, Level 2, and Level 3, respectively. Fur-
thermore, the reconstructing unit 164 is configured as three
functional processing units that are namely a first reconstruct-
ing unit 1644, a second reconstructing unit 1645, and a third
reconstructing unit 164c¢, as shown in FIG. 2, so as to perform
processes at Level 1, Level 2, and Level 3, respectively.
[0053] FIG. 3 is a drawing for explaining the conventional
method. In one example illustrated in FIG. 3, original image
data used by the image processing unit 16 as a processing
target is B-mode data generated by the B-mode processing
unit 13.

[0054] The first decomposing unit 161a decomposes the
B-mode data into low-frequency decomposed image data and
high-frequency decomposed image data by performing a
multi-resolution analysis. More specifically, by performing a
wavelet transform (a discrete wavelet transform), the first
decomposing unit 161a decomposes the B-mode data into
“LL”, which is a piece of low-frequency decomposed image
data, and “HL, LH, and HH”, which are pieces of high-
frequency decomposed image data. In this situation, “LL” is
a piece of image data in which the components in both the
horizontal direction and the vertical direction are low-fre-
quency components. “HL” is a piece of image data in which
the component in the horizontal direction is a high-frequency
component, whereas the component in the vertical direction
is a low-frequency component. “LLH” is a piece of image data
in which the component in the horizontal direction is a low-
frequency component, whereas the component in the vertical
direction is a high-frequency component. “HH” is a piece of
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image data in which the components in both the horizontal
direction and the vertical direction are high-frequency com-
ponents.

[0055]  As shown in FIG. 3, the first decomposing unit 161a
outputs “LL(first)” (hereinafter, “LL(1st)”), which is LL at
Level 1, to the second decomposing unit 1615 and outputs
“HL(1st), LH(1st), and HH(1st)”, which are HL,, LH, and HH
at Level 1, to the first adjusting unit 163a.

[0056] The second decomposing unit 1615 decomposes
LL(1st) into low-frequency decomposed image data and
high-frequency decomposed image data. In other words, as
shown in FIG. 3, the second decomposing unit 1615 decom-
poses LL(1st) into “LL(second)” (hereinafter, “LL(2nd)”),
which is a piece of low-frequency decomposed image data at
Level 2 and “HL(2nd), LH(2nd), and HH(2nd)”, which are
pieces of high-frequency decomposed image data at Level 2.
Further, as shown in FIG. 3, the second decomposing unit
1615 outputs “LL{2nd)” to the third decomposing unit 161¢
and outputs “HL(2nd), LH(2nd), and HH(2nd)” to the second
adjusting unit 1635.

[0057] The third decomposing unit 161¢ decomposes
LL(2nd) into low-frequency decomposed image data and
high-frequency decomposed image data. In other words, as
shown in FIG. 3, the third decomposing unit 161¢ decom-
poses LL(2nd) into “LL(third)” (hereinafter, “LL(3rd)”),
which is a piece of low-frequency decomposed image data at
Level 3 and “HL(3rd), LH(3rd), and HH(3rd)”, which are
pieces of high-frequency decomposed image data at Level 3.
Further, as shown in FIG. 3, the third decomposing unit 161¢
outputs “LL(3rd)” to the third diffusion filter unit 162¢ and
outputs “HL(3rd), LH(3rd), and HH(3rd)” to the third adjust-
ing unit 163c.

[0058] As a result of the multi-resolution decomposition,
the decomposed image data has half the dimensions length-
wise and widthwise, compared to the dimensions prior to the
decomposition. In other words, the resolution of the image
data at Level 1 is “(Y2)x(¥2)="4" of the resolution of the
B-mode data; the resolution of the image data at Level 2 is
“(Va)x(¥4)=Y16" of the resolution of the B-mode data; and the
resolution of the image data at Level 3 is “(4%)x(¥s)=Yes” of
the resolution of the B-mode data.

[0059] After the multi-resolution decomposition is per-
formed, the processes are performed in the order of Level 3,
Level 2, and Level 1. As shown in FIG. 3, the third diffusion
filter unit 162¢ calculates a structure tensor by using “LL
(3rd)” and detects information (“edge information”) related
to the edge of “LL(3rd)” from the structure tensor. After that,
as shown in FIG. 3, the third diffusion filter unit 162¢ calcu-
lates a diffusion tensor from the structure tensor and the edge
information and applies a non-linear anisotropic diffusion
filter (3rd) to “LL(3rd)” by using the calculated diffusion
tensor. Subsequently, as shown in FIG. 3, the third diffusion
filter unit 162¢ outputs “filtered LL(3rd)” to the third recon-
structing unit 164c.

[0060] Further, as shown in FIG. 3, the third adjusting unit
163c adjusts signal levels of “HL(3rd), LH(3rd), and
HH(3rd)” by using the edge information detected by the third
diffusion filter unit 162¢. After that, as shown in FIG. 3, the
third adjusting unit 163¢ outputs “adjusted HL(3rd), adjusted
LH(3rd), and adjusted HH(3rd)” to the third reconstructing
unit 164c.

[0061] As shown in FIG. 3, the third reconstructing unit
164c reconstructs “filtered LL(3rd)” and “adjusted HL.(3rd),
adjusted LH(3rd), and adjusted HH(3rd)” by performing a
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multi-resolution synthesis. More specifically, by performing
a wavelet inverse transform, the third reconstructing unit
164c¢ synthesizes together “filtered LL(3rd)” and “adjusted
HL(3rd), adjusted LH(3rd), and adjusted HH(3rd)”. After
that, as shown in FIG. 3, the third reconstructing unit 164¢
outputs “Level 3 output data”, which is the data resulting from
the reconstruction, to the second diffusion filter unit 1625 at
Level 2. As a result of the process performed by the third
reconstructing unit 164c, the resolution of the “Level 3 output
data” is “V1s” of the resolution of the B-mode data.

[0062] At Level 2,as shown in FIG. 3, the second diffusion
filter unit 1625 calculates a structure tensor by using the
“Level 3 output data” and detects edge information of the
“Level 3 output data” from the structure tensor. After that, as
shown in FIG. 3, the second diffusion filter unit 1625 calcu-
lates a diffusion tensor from the structure tensor and the edge
information and applies a non-linear anisotropic diffusion
filter (2nd) to the “Level 3 output data” by using the calculated
diffusion tensor. Subsequently, as shown in FIG. 3, the second
diffusion filter unit 1625 outputs “filtered Level 3 output
data” to the second reconstructing unit 1644.

[0063] Further, as shown in FIG. 3, the second adjusting
unit 1635 adjusts signal levels of “HL(2nd), LH(2nd), and
HH(2nd)” by using the edge information detected by the
second diffusion filter unit 1625. After that, as shown in FIG.
3, the second adjusting unit 1635 outputs “adjusted HL.(2nd),
adjusted LH(2nd), and adjusted HH(2nd)” to the second
reconstructing unit 1645.

[0064] AsshowninFIG. 3, by performing a wavelet inverse
transform, the second reconstructing unit 1646 synthesizes
together “filtered Level 3 output data” and “adjusted
HL(2nd), adjusted LH(2nd), and adjusted HH(2nd)”. After
that, as shown in FIG. 3, the second reconstructing unit 1645
outputs “Level 2 output data”, which is the data resulting from
the reconstruction, to the first diffusion filter unit 162a at
Level 1. As a result of the process performed by the second
reconstructing unit 1645, the resolution of the “Level 2 output
data” is “%/4” of the resolution of the B-mode data.

[0065] At Level 1, as shown in FIG. 3, the first diffusion
filter unit 162a calculates a structure tensor by using the
“Level 2 output data” and detects edge information of the
“Level 2 output data” from the structure tensor. After that, as
shown in FIG. 3, the first diffusion filter unit 162a calculates
a diffusion tensor from the structure tensor and the edge
information and applies a non-linear anisotropic diffusion
filter (1st) to the “Level 2 output data” by using the calculated
diffusion tensor. Subsequently, as shown in FIG. 3, the first
diffusion filter unit 162a outputs “filtered Level 2 output
data” to the first reconstructing unit 164a.

[0066] Further, as shown in FIG. 3, the first adjusting unit
163a adjusts signal levels of “HL(1st), LH(1st), and HH(1st)”
by using the edge information detected by the first diffusion
filter unit 162a. After that, as shown in FIG. 3, the first
adjusting unit 163¢ outputs “adjusted HL(1st), adjusted
LH(1st), and adjusted HH(1st)” to the first reconstructing unit
164a.

[0067] AsshowninFIG. 3, by performing a wavelet inverse
transform, the first reconstructing unit 164e synthesizes
together “filtered Level 2 output data” and “adjusted HL(1st),
adjusted LH(1st), and adjusted HH(1st)”. After that, as shown
in FIG. 3, the first reconstructing unit 1644 outputs “Level 1
output data”, which is the data resulting from the reconstruc-
tion. More specifically, the first reconstructing unit 1644 out-
puts the “Level 1 output data” to the image generating unit 15
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as “corrected B-mode data”. As a result of the process per-
formed by the first reconstructing unit 164a, the resolution of
the “Level 1 output data” is equal to the resolution of the
B-mode data. By performing a scan convert process on the
corrected B-mode data, the image generating unit 15 gener-
ates display-purpose ultrasound image data.

[0068] As explained above, according to the conventional
method illustrated in FIG. 3, the diffusion filtering process is
applied either to the low-frequency decomposed image data
resulting from the multi-resolution decomposition or to the
higher-order multi-resolution decomposed image, which is
the data output from the level immediately underneath. As a
result, according to the conventional method, it is possible to
perform the diffusion filtering process at a high speed and
efficiently. Further, due to a synergistic effect of the multi-
resolution analysis and the non-linear anisotropic diffusion
filtering process, it is possible to eliminate the speckles pre-
cisely.

[0069] However, according to the conventional method
described above, because the edge enhancing process using
the non-linear anisotropic diffusion filter is performed also on
the image having a low spatial frequency such as LL(3rd), for
example, the structure in a broad perspective is enhanced,
which is not desirable. For instance, when a strong edge
enhancement is applied according to the conventional method
described above, a diagonal structure is enhanced so as to
seem like a stair-stepped structure. FIGS. 4A and 4B are
drawings for explaining the problem of the conventional
method.

[0070] As explained above, theresolution of the image data
at Level 3 is “V/s4” of the resolution of the B-mode data. For
this reason, for exaniple, if the edge detection result at Level
3 (see the area with grid hatching in the drawing) is superim-
posed while being enlarged to the number of pixels of the
B-mode data (Level 0) as shown in FIG. 4A, the edge portion
of the diagonal structure becomes stair-stepped. As a result,
when a strong edge enhancement is applied at each of the
levels, a diagonal structure rendered in the ultrasound image
displayed on the monitor 2 will have a stair-stepped form and
not the real form, as shown in FIG. 4B. Consequently, the
result of the edge enhancement rendered in the ultrasound
image generated according to the conventional method makes
the viewer feel that something is wrong with the ultrasound
image, in some situations.

[0071] To cope with these situations, the decomposing unit
161, the diffusion filter unit 162, the adjusting unit 163, and
the reconstructing unit 164 included in the image processing
unit 16 according to the present embodiment performs pro-
cesses as described below, to generate an ultrasound image in
which the edge is enhanced without causing the feeling that
something is wrong with the ultrasound image and from
which speckles are eliminated.

[0072] The decomposing unit 161 according to the present
embodiment decomposes ultrasound image data into low-
frequency decomposed image data and high-frequency
decomposed image data at each of a predetermined number of
hierarchical levels, by performing a hierarchical multi-reso-
lution analysis.

[0073] Further, at the lowest hierarchical level of the pre-
determined number of hierarchical levels, the diffusion filter
unit 162 according to the present embodiment applies a non-
linear anisotropic diffusion filter to the low-frequency
decomposed image data and the high-frequency decomposed
image data at the lowest hierarchical level. Further, at each of
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the hierarchical levels higher than the lower hierarchical
level, the diffusion filter unit 162 according to the present
embodiment applies a non-linear anisotropic diffusion filter
to the data output from the hierarchical level immediately
underneath that has been reconstructed by performing a
multi-resolution analysis and to the high-frequency decom-
posed image data at that hierarchical level. Further, in addi-
tion to applying the non-linear anisotropic diffusion filter, the
diffusion filter unit 162 according to the present embodiment
generates (detects), for each of the hierarchical levels, edge
information of the signal either from the low-frequency
decomposed image data at the lower hierarchical level or
from the data output from the hierarchical level immediately
underneath.

[0074] Further, based on the edge information obtained at
each of the hierarchical levels, the adjusting unit 163 accord-
ing to the present embodiment adjusts the signal level of the
high-frequency decomposed image data for each of the hier-
archical levels. More specifically, the adjusting unit 163
according to the present embodiment adjusts the signal level
of the high-frequency decomposed image data to which the
non-linear anisotropic diffusion filter was applied, based on
the edge information detected by the diffusion filter unit 162
when performing the non-linear anisotropic diffusion filter-
ing process on the same hierarchical level as the hierarchical
level of the high-frequency decomposed image data. Even
more specifically, at the lowest hierarchical level, the adjust-
ing unit 163 according to the present embodiment adjusts the
signal level of the high-frequency decomposed image data to
which the non-linear anisotropic diffusion filter was applied,
based on the edge information detected by the diffusion filter
unit 162 from the low-frequency decomposed image data at
the lowest hierarchical level. In contrast, at each of the hier-
archical levels higher than the lowest hierarchical level, the
adjusting unit 163 according to the present embodiment
adjusts the signal level of the high-frequency decomposed
image data to which the non-linear anisotropic diffusion filter
was applied, based on the edge information detected by the
diffusion filter unit 162 from the data output from the hierar-
chical level immediately underneath.

[0075] Further, the reconstructing unit 164 according to the
present embodiment obtains corrected data of the ultrasound
image data by hierarchically performing a multi-resolution
synthesis on the data output from the diffusion filter unit 162
and the data output from the adjusting unit 163 that are
obtained at each of the hierarchical levels. More specifically,
the reconstructing unit 164 according to the present embodi-
ment reconstructs the data by performing the multi-resolution
analysis, from the data that has been processed by the diffu-
sion filter unit 162 and was not used in the process performed
by the adjusting unit 163 and the data that has been processed
by the adjusting unit 163 at the same hierarchical level as such
data. After that, at each of the hierarchical levels lower than
the highest hierarchical level of the predetermined number of
hierarchical levels, the reconstructing unit 164 according to
the present embodiment outputs the reconstructed data as the
output data to be processed by the diffusion filter unit 162 at
the hierarchical level immediately above. In contrast, at the
highest hierarchical level, the reconstructing unit 164 accord-
ing to the present embodiment outputs the reconstructed data
as corrected data of the ultrasound image data.

[0076] More specifically, at the lowest hierarchical level,
the diffusion filter unit 162 according to the present embodi-
ment applies the non-linear anisotropic diffusion filter to the
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high-frequency decomposed image data at the lowest hierar-
chical level by using a diffusion filter coefficient calculated
based on a structure tensor and edge information detected
from the low-frequency decomposed image data at the lowest
hierarchical level. In contrast, at each of the hierarchical
levels higher than the lowest hierarchical level, the diffusion
filter unit 162 according to the present embodiment applies
the non-linear anisotropic diffusion filter to the high-fre-
quency decomposed image data at that hierarchical level by
using a diffusion filter coefficient calculated based on a struc-
ture tensor and edge information detected from the output
data that was output by the reconstructing unit at the hierar-
chical level immediately underneath.

[0077] Next, processes performed by the decomposing unit
161, the diffusion filter unit 162, the adjusting unit 163, and
the reconstructing unit 164 according to the present embodi-
ment will be explained with reference to FIG. 5, by using an
example in which the number of hierarchical levels (the num-
ber of levels) is set to “3”, and the ultrasound image data
serving as a processing target is B-mode data. FIG. 5 is a
drawing for explaining a speckle eliminating process per-
formed by the image processing unit according to the present
embodiment.

[0078] To make the differences from the conventional
method clear, the present embodiment will be explained
while using the same reference characters as those of the
processing units used in the explanation of the conventional
method above. In other words, when the number of levels is
set to “3”, the decomposing unit 161, the diffusion filter unit
162, the adjusting unit 163, and the reconstructing unit 164
are each configured as the three functional processing units as
shown in FIG. 2, so as to perform the processes at Level 1,
Level 2, and Level 3, respectively.

[0079] First, as shown in FIG. 5, by performing a wavelet
transform (a discrete wavelet transform), the first decompos-
ing unit 161a decomposes the B-mode data into “LL(1st)”,
which is a piece of low-frequency decomposed image data,
and “HL(1st), LH(1st), and HH(1st)”, which are pieces of
high-frequency decomposed image data. After that, as shown
in FIG. 5, the first decomposing unit 161a outputs “LL(1st)”
to the second decomposing unit 1615. Also, as shown in FIG.
5, the first decomposing unit 161a outputs “HL(1st), LH(1st),
and HH(1st)”, to the first diffusion filter unit 162a.

[0080] As shown in FIG. 5, the second decomposing unit
1615 decomposes LL(1st) into “LI(2nd)” and “HL(2nd),
LH(2nd), and HH(2nd)”. After that, as shown in FIG. 5, the
second decomposing unit 1615 outputs “LL(2nd)” to the third
decomposing unit 161¢. Also, as shown in FIG. 5, the second
decomposing unit 1615 outputs “HL(2nd), LH(2nd), and
HH(2nd)”, to the second diffusion filter unit 1625.

[0081] As shown in FIG. 5, the third decomposing unit
161c decomposes LL(2nd) into “LL(3rd)” and “HL(3rd),
LH(3rd), and HH(3rd)”. After that, as shown in FIG. 5, the
third decomposing unit 161¢ outputs “LL(3rd)” and “HL
(3rd), LH(3rd), and HH(3rd)” to the third diffusion filter unit
162c.

[0082] After the multi-resolution decomposition is per-
formed, the processes are performed in the order of Level 3,
Level 2, and Level 1. As shown in FIG. 5, the third diffusion
filter unit 162¢ calculates a structure tensor by using “LL
(3rd)” and detects edge information of “LL(3rd)” from the
structure tensor. After that, as shown in FIG. 5, the third
diffusion filter unit 162¢ calculates a diffusion tensor from the
structure tensor and the edge information and applies a non-
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linear anisotropic diffusion filter (3rd) to “LL(3rd)” by using
the calculated diffusion tensor. Subsequently, as shown in
FIG. 5, the third diffusion filter unit 162¢ outputs “filtered
LL(3rd)” to the third reconstructing unit 164c.

[0083] Further, as shown in FIG. 5, the third diffusion filter
unit 162¢ applies a non-linear anisotropic diffusion filter
(3rd) to “HL(3rd), LH(3rd), and HH(3rd)” by using a diffu-
sion filter coefficient of the diffusion tensor calculated from
“LL(3rd)” and outputs the result to the third adjusting unit
163c.

[0084] As shown in FIG. 5, the third adjusting unit 163¢
adjusts signal levels of “diffusion-filtered HL.(3rd), diffusion-
filtered LH(3rd), and diffusion-filtered HH(3rd)” on which
the diffusion filtering process was performed, by using the
edge information detected by the third diffusion filter unit
162c. After that, as shown in FIG. 5, the third adjusting unit
163¢ outputs “adjusted HL(3rd), adjusted LH(3rd), and
adjusted HH(3rd)” to the third reconstructing unit 164c.
[0085] As shown in FIG. 5, the third reconstructing unit
164c¢ synthesizes together “filtered LL(3rd)” and “adjusted
HL(3rd), adjusted LH(3rd), and adjusted HH(3rd)” by per-
forming a wavelet inverse transform. After that, as shown in
FIG. 5, the third reconstructing unit 164¢ outputs “Level 3
output data”, which is the data resulting from the reconstruc-
tion, to the second diffusion filter unit 1625 at Level 2. The
resolution of the “Level 3 output data” shown in FIG. 5 is
“VAg¢” of the resolution of the B-mode data. It should be noted,
however, that the “Level 3 output data” shown in FIG. 5 is,
unlike in the conventional method, data obtained by synthe-
sizing together the data of which the signal levels were
adjusted after applying the non-linear anisotropic diffusion
filter to the high-frequency decomposed image data at Level
3 and “filtered LL(3rd)”. The resolution of the “Level 3 output
data” shown in FIG. 5 is “V16” of the resolution of the B-mode
data.

[0086] At Level 2,as shown in FIG. 5, the second diffusion
filter unit 1625 calculates a structure tensor by using the
“Level 3 output data” and detects edge information of the
“Level 3 output data” from the structure tensor. After that, as
shown in FIG. 5, the second diffusion filter unit 1625 calcu-
lates a diffusion tensor from the structure tensor and the edge
information and applies a non-linear anisotropic diffusion
filter (2nd) to the “Level 3 output data” by using the calculated
diffusion tensor. Subsequently, as shown in FIG. 5, the second
diffusion filter unit 1625 outputs the “filtered Level 3 output
data” to the second reconstructing unit 1645.

[0087] Further, as shown in FIG. 5, the second diffusion
filter unit 1625 applies a non-linear anisotropic diffusion filter
(2nd) to “HL(2nd), LH(2nd), and HH(2nd)” by using a dif-
fusion filter coefficient of the diffusion tensor calculated from
the “Level 3 output data” and outputs the result to the second
adjusting unit 1635.

[0088] As shown in FIG. 5, the second adjusting unit 1635
adjusts signal levels of “diffusion-filtered HL(2nd), diffu-
sion-filtered LH(2nd), and diffusion-filtered HH(2nd)” on
which the diffusion filtering process was performed, by using
the edge information detected by the second diffusion filter
unit 1625. After that, as shown in F1G. 5, the second adjusting
unit 1635 outputs “adjusted HL(2nd), adjusted LH(2nd), and
adjusted HH(2nd)” to the second reconstructing unit 1645.
[0089] As shown in FIG. 5, the second reconstructing unit
1645 synthesizes together the “filtered Level 3 output data”
and “adjusted HL(2nd), adjusted LH(2nd), and adjusted
HH(2nd)” by performing a wavelet inverse transform. After
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that, as shown in FIG. 5, the second reconstructing unit 1645
outputs “Level 2 output data”, which is the data resulting from
the reconstruction, to the first diffusion filter unit 162a at
Level 1. The resolution of the “Level 2 output data” shown in
FIG. 5 is “V4” of the resolution of the B-mode data. It should
be noted, however, that the “Level 2 output data” shown in
FIG. 5 is, unlike in the conventional method, data obtained by
synthesizing together the data of which the signal levels were
adjusted after applying the non-linear anisotropic diffusion
filter to the high-frequency decomposed image data at Level
2 and the “filtered Level 3 output data”. The resolution of the
“Level 2 output data” shown in FIG. §is “V4” of the resolution
of the B-mode data.

[0090] At Level 1, as shown in FIG. 5, the first diffusion
filter unit 162a calculates a structure tensor by using the
“Level 2 output data” and detects edge information of the
“Level 2 output data” from the structure tensor. After that, as
shown in FIG. 5, the first diffusion filter unit 1624 calculates
a diffusion tensor from the structure tensor and the edge
information and applies a non-linear anisotropic diffusion
filter (1st) to the “Level 2 output data” by using the calculated
diffusion tensor. Subsequently, as shown in FIG. 5, the first
diffusion filter unit 162a outputs the “filtered Level 2 output
data” to the first reconstructing unit 164a.

[0091] Further, as shown in FIG. 5, the first diffusion filter
unit 162a applies a non-linear anisotropic diffusion filter (1st)
to “HL(1st), LH(1st), and HH(1st)” by using a diffusion filter
coefficient of the diffusion tensor calculated from the “Level
2 output data” and outputs the result to the first adjusting unit
163a.

[0092] As shown in FIG. 5, the first adjusting unit 1634
adjusts signal levels of “diffusion-filtered HL(1st), diffusion-
filtered LH(1st), and diffusion-filtered HH(1st)” on which the
diffusion filtering process was performed, by using the edge
information detected by the first diffusion filter unit 162a.
After that, as shown in FIG. 5, the first adjusting unit 163a
outputs “adjusted HL(1st), adjusted LH(1st), and adjusted
HH(1st)” to the first reconstructing unit 164a.

[0093] As shown in FIG. 5, the first reconstructing unit
164a synthesizes together the “filtered Level 2 output data”
and “adjusted HL(Ist), adjusted LH(1st), and adjusted
HH(1st)” by performing a wavelet inverse transform. After
that, as shown in FIG. 5, the first reconstructing unit 164a
outputs “Level 1 outputdata”, which is the data resulting from
the reconstruction, to the image generating unit 15 as “cor-
rected B-mode data”. The image generating unit 15 generates
display-purpose ultrasound image data by performing a scan
convert process on the corrected B-mode data. The resolution
of the “Level 1 output data” shown in FIG. 5 is equal to the
resolution of the B-mode data. It should be noted, however,
that the “Level 1 output data” shown in FIG. 5 is, unlike in the
conventional method, data obtained by synthesizing together
the data of which the signal levels were adjusted after apply-
ing the non-linear anisotropic diffusion filter to the high-
frequency decomposed image data at Level 1 and the “filtered
Level 2 output data”. The resolution of the “Level 1 output
data” shown in FIG. 5 is equal to the resolution of the B-mode
data.

[0094] Next, the processes performed by the diffusion filter
unit 162 and the adjusting unit 163 according to the present
embodiment described above will be further explained by
using mathematical expressions and the like.

[0095] The diffusion filter unit 162 calculates the structure
tensor by differentiating a pixel level (a brightness value) of
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the input image data in the horizontal direction (the width-
wise direction or the x direction) and the vertical direction
(the lengthwise direction or the y direction). The structure
tensor is a tensor calculated for the purpose of detecting the
magnitude and the direction of the edge. An eigenvalue of the
structure tensor is associated with the magnitude of the edge,
whereas an eigenvector of the structure tensor expresses the
direction of the edge. A structure tensor “S” can be defined as
shown in Expression (1) below:

EoLl Gp+IF Gp=(LL)Y (s s @)
S= Gp * = = ( ]
L, 12 Gpx(ll,) GpsI2 ) \sn sz
[0096] In this situation, “1.”* in Expression (1) denotes an

x-direction spatial derivative of a pixel level “I” of the input
image data, whereas “I” in Expression (1) denotes a y-direc-
tion spatial derivative of “T”. Further, “Gp” denotes a two-
dimensional Gaussian function, whereas the operator “*”
denotes a convolution. For example, the third diffusion filter
unit 162¢ calculates the structure tensor s, s, S5, shown
in Expression (1), by differentiating “LL(3rd)” in the hori-
zontal direction (the widthwise direction or the x direction)
and the vertical direction (the lengthwise direction or the y
direction).

[0097] To calculate the structure tensor, it is not necessary
to precisely follow the method shown above. Alternatively, it
is also acceptable to apply a sobel filter at the first stage of the
process, instead of calculating “I,” and 1.,

[0098] After that, the diffusion filter unit 162 detects the
edge information (the position, the magnitude, and the direc-
tion of the edge) from each of the elements of the calculated
structure tensor. More specifically, the diffusion filterunit 162
detects the edge information from each of the elements of the
structure tensor and further calculates the diffusion filter coef-
ficient used in the calculation of the diffusion tensor. After
that, the diffusion filter unit 162 calculates the diffusion ten-
sor. A diffusion tensor (D) can be defined as shown in Expres-
sion (2) below:

dip diz A0y L @
D= =R R
dip dyp 0 A

[0099] In this situation, “R” in Expression (2) denotes a
rotation matrix, whereas “R” denotes a transposed matrix of
“R”. Further, “A,, A,” in Expression (2) are diffusion filter
coefficients calculated from the edge information. For
example, the third diffusion filter unit 162¢ calculates a dif-
fusion tensor “d, ;, d,,, d,,” of “LL(3rd)” by using Expres-
sion (2).

[0100] Further, the diffusion filter unit 162 applies a non-
linear anisotropic diffusion filter based on the diffusion tensor
to “I”. The non-linear anisotropic diffusion filter can be
expressed as shown in Expression (3) below, which is a partial
differential equation.

o1 =div[DVI ®
T iv] ]
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[0101] In this situation, “VI (nabla I)” in Expression (3) is
a gradient vector of “1”, whereas “t” in Expression (3) is a
time that is related to the process. Further, “div”’ in Expression
(3) is a divergence.

[0102] In other words, the calculating process “DVI” per-
formed by the diffusion filter unit 162 in Expression (3) is a
calculating process to multiply a specific direction with
respect to the gradient vector of each of the pixels and the
direction perpendicular to the specific direction by “A,” and
“A,”, respectively. In this situation, the “specific direction” is
the direction of the edge of the image data, whereas the
diffusion filter coefficients are calculated according to the
magnitude of the edge.

[0103] Further, the diffusion filter unit 162 performs the
non-linear anisotropic diffusion filtering process by perform-
ing the numeric value analytical calculation using the partial
differential equation shown in Expression (3) either once or
multiple times repeatedly. For example, at the time “t”, based
on the pixel levels of a pixel at a point and a plurality of points
(e.g., 9 points) in the surrounding of the pixel and the values
of the elements of the diffusion tensor, the diffusion filter unit
162 calculates new pixel levels of the points at a time “t+At”.
After that, by using “t+At” as a new “t”, the diffusion unit 162
repeats the same calculation once or multiple times. For
example, the third diffusion filter unit 162¢ performs this
non-linear anisotropic diffusion filtering process on “LL
(3rd)” and “HL(3rd), LH(3rd), and HH(3rd)”.

[0104] For the purpose of being able to change the method
for calculating “A,, A,” depending on the characteristic of
each of the ultrasound images in different diagnostic fields, it
is desirable to prepare general expressions, so that it is pos-
sible to make adjustments with one or more parameters.
[0105] Further, the adjusting unit 163 adjusts the signal
levels of the diffusion-filtered high-frequency decomposed
image data, i.e., “diffusion-filtered HL, diffusion-filtered LH,
and diffusion-filtered HH”, based on the “eigenvalue of the
structure tensor serving as the edge information”. As
described above, the eigenvalue of the structure tensor indi-
cates the magnitude of the edge. Thus, the adjusting unit 163
calculates, for each of the pixels, the product of the magnitude
of the edge normalized based on the eigenvalue of the struc-
ture tensor and each of the pieces of high-frequency decom-
posed image data. Further, by multiplying the calculation
result by a control coefficient set for each of the pieces of
high-frequency decomposed image data, the adjusting unit
163 performs a high-frequency level adjusting process. Alter-
natively, the adjusting unit 163 may perform ahigh-frequency
level adjusting process by setting a threshold value for the
magnitude of the edge and, while considering components
exceeding the threshold value as the edge, multiplying the
data in the area other than the edge by the control coefficient
corresponding to each of the pieces of high-frequency
decomposed image data.

[0106] As explained above, according to the present
embodiment, the non-linear anisotropic diffusion filter is
applied even to the high-frequency decomposed image data.
More specifically, according to the present embodiment, the
non-linear anisotropic diffusion filter is applied to the high-
frequency decomposed image data by using the structure
tensor and the edge information of either the low-frequency
decomposed image data or the reconstructed data from the
level immediately underneath. FIGS. 6A and 6B are drawings
for explaining advantageous effects of the present embodi-
ment.
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[0107] As a result of applying the non-linear anisotropic
diffusion filter to the high-frequency decomposed image data,
it is possible to adjust the structure extending in a diagonal
direction, which seems unclear in the high-frequency decom-
posed image, so as to seem continuous in a diagonal direction
as shown in FIG. 6A. More specifically, by adjusting the
diffusion filter coefficients, it is possible to apply an appro-
priate edge enhancement even to the high-frequency decom-
posed image data. In the present embodiment, the recon-
structing process is performed after performing the signal
level adjusting process on the high-frequency decomposed
image data to which the diffusion filtering process was
applied in this manner. As a result, in the ultrasound image
that is generated and displayed after the scan convert process
is performed on the corrected B-mode data output by the first
reconstructing unit 164a according to the first embodiment,
the diagonal structure has a substantially smooth shape, as
shown in FIG. 6B.

[0108] Next, processes performed by the ultrasound diag-
nosis apparatus according to the present embodiment will be
explained, with reference to FIGS. 7 to 10. FIG. 7 is a flow-
chart for explaining a process performed by the decomposing
unit according to the present embodiment. FIG. 8 is a flow-
chart for explaining a process performed at Level 3 by the
image processing unit according to the present embodiment.
FIG. 9 is a flowchart for explaining a process performed at
Level 2 by the image processing unit according to the present
embodiment. FIG. 10 is a flowchart for explaining a process
performed at Level 1 by the image processing unit according
to the present embodiment.

[0109] Asshown in FIG. 7, the first decomposing unit 1614
included in the ultrasound diagnosis apparatus according to
the present embodiment judges whether B-mode data has
been stored into the image memory 17 (step S101). In this
situation, if no B-mode data has been stored (step S101: No),
the first decomposing unit 161a goes into a standby state.
[0110] On the contrary, if B-mode data has been stored
(step S101: Yes), the first decomposing unit 161a decomposes
the B-mode data into low-frequency decomposed image data
and high-frequency decomposed image data at Level 1, by
performing a wavelet transform (step S102).

[0111] After that, the second decomposing unit 1615
decomposes the low-frequency decomposed image data at
Level 1 into low-frequency decomposed image data and high-
frequency decomposed image data at Level 2, by performing
a wavelet transform (step S103).

[0112] Subsequently. the third decomposing unit 161c
decomposes the low-frequency decomposed image data at
Level 2 into low-frequency decomposed image data and high-
frequency decomposed image data at Level 3, by performing
a wavelet transform (step S104), and the decomposing pro-
cess is thus ended.

[0113] After that, the process at Level 3 is performed as
shown in FIG. 8. More specifically, as shown in FIG. 8, the
third diffusion filter unit 162¢ judges whether the low-fre-
quency decomposed image data and the high-frequency
decomposed image data at Level 3 have been obtained (step
S201). In this situation, if the judgment result is in the nega-
tive (step S201: No), the third diffusion filter unit 162¢ goes
into a standby state.

[0114] On the contrary, if the low-frequency decomposed
image data and the high-frequency decomposed image data at
Level 3 have been obtained (step S201: Yes), the third diffu-
sion filter unit 162¢ calculates a structure tensor from the
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Level 3 low-frequency decomposed image data (step S202),
and further detects edge information from the structure tensor
(step S203). Subsequently, the third diffusion filter unit 162¢
calculates a diffusion tensor from the structure tensor and the
edge information (step S204).

[0115] After that, the third diffusion filter unit 162¢ per-
forms a non-linear anisotropic diffusion filtering process on
the Level 3 low-frequency decomposed image data and the
Level 3 high-frequency decomposed image data by using the
diffusion tensor (step S205).

[0116] Further, the third adjusting unit 163¢ adjusts the
signal level of the Level 3 high-frequency decomposed image
data on which the diffusion filtering process was performed
(step S206). The third reconstructing unit 164¢ reconstructs
(synthesizes the data to obtain) Level 3 output data by per-
forming a wavelet inverse transform (step S207). After that,
the third reconstructing unit 164¢ outputs the Level 3 output
data to the second diffusion filter unit 1625 (step S208), and
the process at Level 3 is thus ended.

[0117] After that, the process at Level 2 is performed as
shown in FIG. 9. More specifically, as shown in FIG. 9, the
second diffusion filter unit 1625 judges whether the Level 2
high-frequency decomposed image data and the Level 3 out-
put data have been obtained (step S301). In this situation, if
the judgment result is in the negative (step S301: No), the
second diffusion filter unit 16256 goes into a standby state.

[0118] On the contrary, if the Level 2 high-frequency
decomposed image data and the Level 3 output data have been
obtained (step S301: Yes), the second diffusion filter unit
1625 calculates a structure tensor from the Level 3 output data
(step S302), and further detects edge information from the
structure tensor (step S303). Subsequently, the second diffu-
sion filter unit 1625 calculates a diffusion tensor from the
structure tensor and the edge information (step S304).

[0119] After that, the second diffusion filter unit 1625 per-
forms a non-linear anisotropic diffusion filtering process on
the Level 3 output data and the Level 2 high-frequency
decomposed image data by using the diffusion tensor (step
S305).

[0120] Further, the second adjusting unit 1635 adjusts the
signal level of the Level 2 high-frequency decomposed image
data on which the diffusion filtering process was performed
(step S306). The second reconstructing unit 1645 recon-
structs (synthesizes the data to obtain) Level 2 output data by
performing a wavelet inverse transform (step S307). After
that, the second reconstructing unit 1645 outputs the Level 2
output data to the first diffusion filter unit 162a (step S308),
and the process at Level 2 is thus ended.

[0121] After that, the process at Level 1 is performed as
shown in FIG. 10. More specifically, as shown in FIG. 10, the
first diffusion filter unit 162¢ judges whether the Level 1
high-frequency decomposed image data and the Level 2 out-
put data have been obtained (step S401). In this situation, if
the judgment result is in the negative (step S401: No), the first
diffusion filter unit 1624 goes into a standby state.

[0122] On the contrary, if the Level 1 high-frequency
decomposed image data and the Level 2 output data have been
obtained (step S401: Yes), the first diffusion filter unit 1624
calculates a structure tensor from the Level 2 output data (step
S402), and further detects edge information from the struc-
ture tensor (step S403). Subsequently, the first diffusion filter
unit 162a calculates a diffusion tensor from the structure
tensor and the edge information (step S404).

Mar. 6, 2014

[0123] After that, the first diffusion filter unit 162a per-
forms a non-linear anisotropic diffusion filtering process on
the Level 2 output data and the Level 1 high-frequency
decomposed image data by using the diffusion tensor (step
S405).

[0124] Further, the first adjusting unit 163a adjusts the sig-
nal level of the Level 1 high-frequency decomposed image
data on which the diffusion filtering process was performed
(step S406). The first reconstructing unit 164a reconstructs
(synthesizes the data to obtain) Level 1 output data by per-
forming a wavelet inverse transform (step S407). After that,
the first reconstructing unit 164« outputs the Level 1 output
data to the image generating unit 15 as corrected B-mode data
(step S408), and the process at Level 1 is thus ended.

[0125] As explained above, according to the present
embodiment, similarly to the conventional method, the edge
portion is enhanced by using the non-linear anisotropic dif-
fusion filters, the speckles are eliminated by performing the
diffusion processes on the portion other than the edge portion,
and further, the processing load required by the non-linear
anisotropic filtering processes is reduced by using the multi-
resolution analysis in combination.

[0126] However, according to the present embodiment,
unlike the conventional method, the non-linear anisotropic
diffusion filters are applied even to the high-frequency
decomposed image data. As a result, according to the present
embodiment, it is possible to increase the degree of freedom
in setting the diffusion filter coefficients. It is therefore pos-
sible to adjust the diffusion filter coefficients so as to decrease
the occurrence of the stair-stepped structure in the ultrasound
image. As a result, according to the present embodiment, it is
possible to generate an ultrasound image in which the edge is
enhanced without causing the feeling that something is wrong
with the ultrasound image and from which the speckles are
eliminated.

[0127] Further, according to the present embodiment, the
non-linear anisotropic diffusion filter is applied to the high-
frequency decomposed image data, by using the edge infor-
mation of either the low-frequency decomposed image data
or the reconstructed data from the level immediately under-
neath, instead of the edge information of the high-frequency
decomposed image data. In other words, according to the
present embodiment, the diffusion tensor of the high-fre-
quency decomposed image data is not calculated, and the
diffusion tensor is calculated only once at each of the hierar-
chical levels (at each of the levels). Thus, the additional cal-
culation amount caused by the process of applying the diffu-
sion filter to the high-frequency component is reduced. As a
result, according to the present embodiment, it is possible to
perform the calculation at a high speed in the speckle elimi-
nating process.

[0128] The exemplary embodiments described above are
applicable also to the situation where the number of levels is
an arbitrary natural number that is two or larger. Also, the
exemplary embodiments described above are applicable to
the situation where the multi-resolution analysis is performed
by using a method (e.g., a Laplacian pyramid method) other
than the “wavelet transform and wavelet inverse transform”
method. Further, the exemplary embodiments described
above are applicable to the situation where “B-mode image
data” is used as the ultrasound image data. Furthermore, the
exemplary embodiments described above are also applicable
to the situation where the ultrasound image data is three-
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dimensional ultrasound image data generated by using a 2D
probe or a mechanical scan probe.

[0129] The exemplary embodiments above are explained
by using the example where the processes are performed by
the ultrasound diagnosis apparatus. However, the image pro-
cessing processes explained in the exemplary embodiments
above may be performed by an image processing apparatus
that is provided independently of the ultrasound diagnosis
apparatus. More specifically, an arrangement is acceptable in
which an image processing apparatus having the functions of
the image processing unit 16 shown in FIG. 1 receives the
ultrasound image data from the ultrasound diagnosis appara-
tus or from a database of a Picture Archiving and Communi-
cation System (PACS) or a database of an electronic medical
record system and performs the image processing processes
described above thereon. Further, such an image processing
apparatus may perform the image processing processes
explained in the exemplary embodiments above on medical
image data other than ultrasound image data. Examples of
such medical image data include: X-ray Computed Tomog-
raphy (CT) image data generated by an X-ray CT apparatus;
Magnetic Resonance Imaging (MRI) image data generated
by an MRI apparatus; and X-ray image data generated by an
X-ray diagnosis apparatus.

[0130] The constituent elements of the apparatuses shown
in the drawings are based on functional concepts. Thus, it is
not necessary to physically configure the elements as indi-
cated in the drawings. In other words, the specific mode of
distribution and integration of the apparatuses is not limited to
those shown in the drawings. It is acceptable to functionally
or physically distribute or integrate all or a part of the appa-
ratuses in any arbitrary units, depending on various loads and
the status of use. Further, all or an arbitrary part of the pro-
cessing functions performed by the apparatuses may be real-
ized by a Central Processing Unit (CPU) and a computer
program that is analyzed and executed by the CPU or may be
realized as hardware using wired logic.

[0131] Itispossible to realize the image processing method
explained in the exemplary embodiments by causing a com-
puter such as a personal computer or a workstation to execute
an image processing computer program prepared in advance.
It is possible to distribute such an image processing computer
program via a network such as the Internet. Further, the image
processing computer program may be recorded on a com-
puter-readable recording medium such as a hard disk, a flex-
ible disk (FD), a Compact Disk Read-Only Memory (CD-
ROM), a Magneto-Optical (MO) disk, a Digital Versatile
Disk (DVD), or the like, and may be executed as being read by
a computer from the recoding medium.

[0132] As explained above, according to the present
embodiment, it is possible to generate an ultrasound image in
which the edge is enhanced without causing the feeling that
something is wrong with the ultrasound image and from
which the speckles are eliminated.

[0133] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
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claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a decomposing unit configured to decompose ultrasound
image data into low-frequency decomposed image data
and high-frequency decomposed image data at each ofa
predetermined number of hierarchical levels, by pet-
forming a hierarchical multi-resolution analysis;

a diffusion filter unit configured to apply, at a lowest hier-
archical level of the predetermined number of hierarchi-
cal levels, a non-linear anisotropic diffusion filter to the
low-frequency decomposed image data and the high-
frequency decomposed image data at the lowest hierar-
chical level, configured to apply, at each of the hierar-
chical levels higher than the lowest hierarchical level, a
non-linear anisotropic diffusion filter to data output
from a hierarchical level immediately underneath that
has been reconstructed by performing a multi-resolution
analysis and to the high-frequency decomposed image
data at that hierarchical level, and configured to gener-
ate, for each of the hierarchical levels, edge information
of a signal either from the low-frequency decomposed
image data at the lowest hierarchical level or from the
data output from the hierarchical level immediately
underneath;

an adjusting unit configured to adjust a signal level of the
high-frequency decomposed image data for each of the
hierarchical levels, based on the edge information
obtained at each of the hierarchical levels; and

a reconstructing unit configured to obtain corrected data of
the ultrasound image data by hierarchically performing
a multi-resolution synthesis on data output from the
diffusion filter unit and data output from the adjusting
unit that are obtained at each of the hierarchical levels.

2. The ultrasound diagnosis apparatus according to claim

1, wherein at the lowest hierarchical level, the diffusion filter
unit applies the non-linear anisotropic diffusion filter to the
high-frequency decomposed image data at the lowest hierar-
chical level by using a diffusion filter coefficient calculated
based on a structure tensor and the edge information detected
from the low-frequency decomposed image data at the lowest
hierarchical level, whereas at each of the hierarchical levels
higher than the lowest hierarchical level, the diffusion filter
unit applies the non-linear anisotropic diffusion filter to the
high-frequency decomposed image data at that hierarchical
level by using a diffusion filter coefficient calculated based on
a structure tensor and the edge information detected from the
output data that is output by the reconstructing unit at the
hierarchical level immediately underneath.

3. An image processing apparatus comprising:

a decomposing unit configured to decompose medical
image data into low-frequency decomposed image data
and high-frequency decomposed image data at each ofa
predetermined number of hierarchical levels, by per-
forming a hierarchical multi-resolution analysis;

a diffusion filter unit configured to apply, at a lowest hier-
archical level of the predetermined number of hierarchi-
cal levels, a non-linear anisotropic diffusion filter to the
low-frequency decomposed image data and the high-
frequency decomposed image data at the lowest hierar-
chical level, configured to apply, at each of the hierar-
chical levels higher than the lowest hierarchical level, a
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non-linear anisotropic diffusion filter to data output
from a hierarchical level immediately underneath that
has been reconstructed by performing a multi-resolution
analysis and to the high-frequency decomposed image
data at that hierarchical level, and configured to gener-
ate, for each of the hierarchical levels, edge information
of a signal either from the low-frequency decomposed
image data at the lowest hierarchical level or from the
data output from the hierarchical level immediately
underneath;

an adjusting unit configured to adjust a signal level of the
high-frequency decomposed image data for each of the
hierarchical levels, based on the edge information
obtained at each of the hierarchical levels; and

areconstructing unit configured to obtain corrected data of
the medical image data by hierarchically performing a
multi-resolution synthesis on data output from the dif-
fusion filter unit and data output from the adjusting unit
that are obtained at each of the hierarchical levels.

4. An image processing method comprising:

aprocess performed by a decomposing unit to decompose
medical image data into low-frequency decomposed
image data and high-frequency decomposed image data
ateach of a predetermined number of hierarchical levels,
by performing a hierarchical multi-resolution analysis;

a process performed by a diffusion filter unit to apply, ata
lowest hierarchical level of the predetermined number of

12
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hierarchical levels, a non-linear anisotropic diffusion
filter to the low-frequency decomposed image data and
the high-frequency decomposed image data at the lowest
hierarchical level, to apply, at each of the hierarchical
levels higher than the lowest hierarchical level, a non-
linear anisotropic diffusion filter to data output from a
hierarchical level immediately underneath that has been
reconstructed by performing a multi-resolution analysis
and to the high-frequency decomposed image data at
that hierarchical level, and to generate, for each of the
hierarchical levels, edge information of a signal either
from the low-frequency decomposed image data at the
lowest hierarchical level or from the data output from the
hierarchical level immediately underneath;

a process performed by an adjusting unit to adjust a signal
level of the high-frequency decomposed image data for
each of the hierarchical levels, based on the edge infor-
mation obtained at each of the hierarchical levels; and

a process performed by a reconstructing unit to obtain
corrected data of the medical image data by hierarchi-
cally performing a multi-resolution synthesis on data
output from the diffusion filter unit and data output from
the adjusting unit that are obtained at each of the hierar-
chical levels.
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