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ULTRASOUND DIAGNOSIS APPARATUS,
IMAGE PROCESSING APPARATUS, AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
227497, filed on Oct. 31, 2013; the entire contents of which
are incorporated herein by reference.

FIELD

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

BACKGROUND

[0003] Conventionally, an ultrasound diagnosis apparatus
emits ultrasound wave pulses generated by ultrasound trans-
ducer elements provided in an ultrasound probe to the inside
of an examined subject and receives reflected-wave signals
from a tissue of the subject through the ultrasound transducer
elements. Further, the ultrasound diagnosis apparatus gener-
ates image data from the reflected-wave signals and generates
and displays an ultrasound image generated from the image
data.

[0004] Various types of image filters are applied to the
image data for the purpose of reducing noise and speckles, or
the like. For example, an image filter detects edge sizes and
directions as feature amounts of an image and smooths the
image or controls the degree of enhancement on the basis of
the detected directions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a drawing for explaining an overall con-
figuration of an ultrasound diagnosis apparatus according to a
first embodiment;

[0006] FIG. 2 is a drawing for explaining a conventional
method;
[0007] FIG. 3 is a flowchart of a processing procedure

performed by each of diffusion filter units according to the
conventional method;

[0008] FIG.41isadrawing for explaining an image process-
ing unit according to the conventional method,

[0009] FIG. 5 is a block diagram of a configuration of an
image processing unit according to the first embodiment;
[0010] FIG. 6 is a flowchart of a processing procedure
performed by each of diffusion filter units according to the
first embodiment;

[0011] FIG. 7 is a drawing for explaining the image pro-
cessing unit according to the first embodiment;

[0012] FIG. 8 is a drawing for explaining an image gener-
ating unit according to the first embodiment;

[0013] FIG. 9 is a drawing for explaining an overall con-
figuration of an ultrasound diagnosis apparatus according to a
second embodiment;

[0014] FIG. 10 is a drawing for explaining an image pro-
cessing unit according to the second embodiment; and
[0015] FIG.11is ablock diagram of an exemplary configu-
ration of an image processing apparatus according to a third
embodiment.
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DETAILED DESCRIPTION

[0016] An ultrasound diagnosis apparatus according to an
embodiment includes a transmitting and receiving unit, a first
image data generating unit, a second image data generating
unit, and an image processing unit. The transmitting and
receiving unit transmits and receives an ultrasound wave to
and from a subject. The first image data generating unit gen-
erates first image data based on a first parameter, from a
reception signal received by the transmitting and receiving
unit. The second image data generating unit generates second
image data having an image taking region of which at least a
part overlaps with that of the first image data and being based
on a second parameter that is different from the first param-
eter, from a reception signal received by the transmitting and
receiving unit. The image processing unit calculates a feature
amount from at least such a part of the second image data that
overlaps with the first image data and corrects such a part of
the first image data that overlaps with the second image data
on the basis of the calculated feature amount.

[0017] Exemplary embodiments of an ultrasound diagnosis
apparatus, an image processing apparatus, and an image pro-
cessing method will be explained below, with reference to the
accompanying drawings.

First Embodiment

[0018] First, a configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be explained.
FIG. 1 is a drawing for explaining an overall configuration of
an ultrasound diagnosis apparatus according to the first
embodiment. As illustrated in FIG. 1, the uvltrasound diagno-
sis apparatus according to the first 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 on the basis of a drive signal supplied from a transmit-
ting unit 11 included in the apparatus main body 10 (ex-
plained later). Further, the ultrasound probe 1 receives a
reflected wave from an examined subject P and converts the
received reflected wave into an electric signal. Further, the
ultrasound probe 1 includes matching layers and acoustic
lenses included in the piezoelectric transducer elements, as
well as a backing member 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 (a Doppler shift), depending on a
velocity component of the moving members with respect to
the ultrasound wave transmission direction.

[0021] The first embodiment is applicable to a situation
where the ultrasound probe 1 is configured as a one-dimen-



US 2015/0119711 Al

sional ultrasound probe in which the plurality of piezoelectric
transducer elements are arranged in a row so as to scan (two-
dimensionally scan) a two-dimensional region inside the sub-
ject P and to a situation where the ultrasound probe 1 is
configured as a one-dimensional ultrasound probe in which
the plurality of piezoelectric transducer elements are
mechanically caused to swing or is configured as a two-
dimensional ultrasound probe in which the plurality of piezo-
electric transducer elements are two-dimensionally arranged
in a grid formation, so as to scan (three-dimensionally scan) a
three-dimensional region inside the subject P.

[0022] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, 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
(GUT) 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 on the basis of the reflected
waves received by the ultrasound probe 1. As illustrated 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, a strain data processing unit 15,
an image processing unit 16, an image generating unit 17, an
image memory 18, a controlling unit 19, and an internal
storage unit 20.

[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. Further, the transmission delaying cir-
cuit applies a delay period that is required to converge the
ultrasound 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
elements, 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 transmission directions
from the piezoelectric transducer element surfaces, by vary-
ing the delay periods 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 on the basis of an instruc-
tion from the controlling unit 19 (explained later). In particu-
lar, the configuration to change the transmission drive voltage
is realized by using a linear-amplifier-type transmitting cit-
cuit of which the value can be instantly switched or by using
amechanism that electrically switches between a plurality of
power source units.

[0027] Thereceiving unit 12 includes an amplifying 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 amplifying circuit performs a gain cor-
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rection process Soy amplifying the reflected-wave signal for
each of channels. The A/D converter applies an A/D conver-
sion to the gain-corrected reflected-wave signal and applies a
delay period required to determine reception directionality to
the digital data. The adder performs an adding process on the
reflected-wave signals processed by the A/D converter, so as
to generate the reflected-wave data. As a result of the adding
process performed by the adder, reflected components from
the direction corresponding to the reception directionality of
the reflected-wave signals are emphasized.

[0028] Inthe mannerdescribed above, the transmitting unit
11 and the receiving unit 12 control the transmission direc-
tionality and the reception directionality in the ultrasound
wave transmissions and receptions.

[0029] In this situation, when the ultrasound probe 1 is
capable of performing a three-dimensional scan, the trans-
mitting unit 11 and the receiving unit 12 are also able to cause
the ultrasound probe 1 to transmit ultrasound beams toward a
three-dimensional region inside the subject P and to generate
reflected-wave data corresponding to a plurality of positions
within a three-dimensional space, from reflected-wave sig-
nals that correspond to the plurality of positions within the
three-dimensional space and that are received by the ultra-
sound 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” or “B-mode image data”) in which the
strength of each signal is expressed by a degree of brightness,
by performing a logarithmic amplification, an envelope
detection process, and the like on the received reflected-wave
data.

[0031] The Doppler processing unit 14 obtains velocity
information from the reflected-wave data received from the
receiving unit 12 by performing a frequency analysis, to
extract bloodstream, tissues, and contrast-agent echo compo-
nents under the influence of the Doppler effect, and further
generates data (“Daoppler data” or “Doppler image data™)
obtained by extracting moving member information such as
an average velocity, a dispersion, a power, and the like, for a
plurality of points. More specifically, the Doppler processing
unit 14 generates the Doppler data by extracting the average
velocity, dispersion values, power values and the like for the
plurality of points, as movement information of the moving
members. Even more specifically, the Doppler processing
unit 14 generates color Doppler data used for generating a
color Doppler image indicating dynamics of the bloodstream
and generates tissue Doppler data used for generating a tissue
Doppler image indicating dynamics of the tissues.

[0032] The B-mode processing unit 13 and the Doppler
processing unit 14 according to the first embodiment are able
to process both reflected-wave data corresponding to a plu-
rality positions within a two-dimensional space and reflected-
wave data corresponding to a plurality of positions within a
three-dimensional space. In other words, the B-mode pro-
cessing unit 13 is able to generate B-mode data corresponding
to a plurality of positions within a two-dimensional space
from reflected-wave data corresponding to the plurality of
positions within the two-dimensional space and is also able to
generate B-mode data corresponding to a plurality of posi-
tions within a three-dimensional space from reflected-wave
data corresponding to the plurality of positions within the
three-dimensional space. Further, the Doppler processing
unit 14 is able to generate Doppler data corresponding to a
plurality of positions within a two-dimensional space from
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reflected-wave data corresponding to the plurality of posi-
tions within the two-dimensional space and is also able to
generate Doppler data corresponding to a plurality of posi-
tions within a three-dimensional space from reflected-wave
data corresponding to the plurality of positions within the
three-dimensional space.

[0033] The strain data processing unit 15 calculates strains
expressing hardness of a tissue from the reflected-wave data
received from the receiving unit 12 and generates strain data
indicating a spatial distribution of the strains. For example,
when an elastography mode in which elastography is imple-
mented is specified, the strain data processing unit 15 calcu-
lates the strains from the reflected-wave data and generates
the strain data. Elastography is a technique used for imaging
elasticity of a tissue.

[0034] One of known methods for calculating a strain is a
method by which a strain value is calculated by detecting a
displacement of a tissue between adjacent frames on the basis
of a cross-correlation between pieces of reflected-wave data.
As the method for calculating the strains, the strain data
processing unit 15 is able to implement any of various meth-
ods.

[0035] In the following sections, an example will be
explained in which, when the elastography mode is specified,
the operator manually applies shaking movements to the
ultrasound probe 1 so as to repeatedly press and release a
tissue, so that the strain data processing unit 15 calculates the
strain values by detecting a displacement of the tissue
between adjacent frames on the basis of a cross-correlation
between pieces of reflected-wave data. In the elastography
mode, there are situations where, for example, the strain data
processing unit 15 calculates strains on the basis of a distor-
tion (a change in the shape) of a tissue caused by a small
movement of the hand of the operator holding the ultrasound
probe 1.

[0036] More specifically, the strain data processing unit 15
calculates a displacement of a tissue in the subject’s body
distorted due to the ultrasound probe 1 being lightly pressed
against and released from the body surface of the subject P by
ahand of the operator while being in contact therewith. Even
more specifically, the strain data processing unit 15 calculates
a displacement of mutually the same site position, by using
two or more pieces of reflected-wave data that are obtained
before and after the distortion or that have mutually-different
degrees of distortion. After that, the strain data processing
unit 15 calculates a strain value by differentiating the dis-
placement in the depth direction. In this situation, the harder
atissue is, the less easily the tissue changes the shape thereof
(the less easily the tissue gets distorted). Accordingly, the
strain value of a harder tissue is smaller, whereas the strain
value of a softer tissue in the subject’s body is larger. In the
following explanation, the strain data generated by the strain
data processing unit 15 may be referred to as “strain image
data”.

[0037] The image processing unit 16 performs various
types of image processing processes on ultrasound image
data. In the first embodiment, for example, by performing a
filtering process combining a multi-resolution analysis with a
non-linear anisotropic diffusion filter on the ultrasound image
data, the image processing unit 16 performs an image pro-
cessing process (a smoothing process) to re-generate an aver-
age-brightness-value image, an image processing process (an
edge enhancement process) that employs a differential filter
within the image, a speckle eliminating process, and the like.
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Processes performed by the image processing unit 16 accord-
ing to the first embodiment will be explained in detail later.

[0038] The image generating unit 17 generates a display-
purpose ultrasound image by using the data generated by the
B-mode processing unit 13, the Doppler processing unit 14,
and the strain data processing unit 15. In other words, from
the B-mode data generated by the B-mode processing unit 13,
the image generating unit 17 generates a B-mode image in
which the strength of the reflected wave is expressed by a
degree of brightness. Further, from the Doppler data gener-
ated by the Doppler processing unit 14, the image generating
unit 17 generates a Doppler image (a color Doppler image or
a tissue Doppler image) such as an average velocity image, a
dispersion image, a power image, or an image combining
these images that expresses the moving member information
(e.g., bloodstream movement information, tissue movement
information).

[0039] Further, the image generating unit 17 generates an
elastography image by using the strain data generated by the
strain data processing unit 15. More specifically, the image
generating unit 17 generates the elastography image by gen-
erating a strain image in which the level of gray scaleis varied
in accordance with the strain value calculated for each of the
window widths and superimposing the generated strain
image onto a B-mode image. In this situation, when generat-
ing the elastography image, the image generating unit 17
generates a display-purpose ultrasound image by using the
data on which any of the various types of image processing
processes has been performed by the image processing unit
16.

[0040] In this situation, generally speaking, the image gen-
erating unit 17 converts (by performing a scan convert pro-
cess) a scanning line signal sequence from an ultrasound scan
into a scanning line signal sequence in a video formatused by,
for example, television and generates the ultrasound image
serving as a display-purpose image. More specifically, the
image generating unit 17 generates the ultrasound image
serving as a display-purpose image by performing a coordi-
nate transformation process compliant with the ultrasound
scanning mode used by the ultrasound probe 1.

[0041] Further, the image generating unit 17 has installed
therein a storage memory for storing image data therein and is
capable of performing a three-dimensional image recon-
structing process and the like. Further, from the storage
memory installed in the image generating unit 17, for
example, the operator is able to invoke images recorded dur-
ing medical examinations after a diagnosis process.

[0042] Further, the image generating unit 17 synthesizes
text information of various parameters, scale graduations,
body marks, and the like with the generated ultrasound image
data and further outputs the synthesized image data to the
monitor 2 as video signals. Further, the image generating unit
17 is also capable of generating synthesized image data in
which a plurality of pieces of image data are superimposed
with one another. In other words, the data generated by the
B-mode processing unit 13, the Doppler processing unit 14,
and the strain data processing unit 15 is ultrasound image data
before the scan covert process, whereas the data generated by
the image generating unit 17 is display-purpose ultrasound
image data after the scan covert process. The various types of
data generated by the B-mode processing unit 13, the Doppler
processing unit 14, and the strain data processing unit 15 may
be referred to as “raw data”.
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[0043] Theimage memory 18 stores therein the ultrasound
image and the synthesized image generated by the image
generating unit 17. Further, the image memory 18 is also able
to store therein the data (the raw data) generated by the
B-mode processing unit 13, the Doppler processing unit 14,
and the strain data processing unit 15. Furthermore, the image
memory 18 is also able to store therein the data on which any
of the various types of image processing processes has been
performed by the image processing unit 16.

[0044] The internal storage unit 20 stores therein control
computer programs (hereinafter, “control programs”) to real-
ize ultrasound transmissions and receptions, image process-
ing, and display processing, as well as various types of data
such as diagnosis information (e.g., subject s'IDs, medical
doctors’ observations), diagnosis protocols, and various
types of body marks. Further, the internal storage unit 20 may
be used, as necessary, for storing therein any of the images
stored in the image memory 18. Further, it is possible to
transfer the data stored in the internal storage unit 20 to an
external peripheral apparatus via an interface (not shown).
[0045] The controlling unit 19 controls the entire processes
performed by the ultrasound diagnosis apparatus. More spe-
cifically, on the basis of the various types of setting requests
input by the operator via the input device 3 and the various
types of control programs and the various types of data read
from the internal storage unit 20, the controlling unit 19
controls processes performed by the transmitting unit 11, the
receiving unit 12, the B-mode processing unit 13, the Doppler
processing unit 14, the strain data processing unit 15, the
image processing unit 16, and the image generating unit 17.
Further, the controlling unit 19 exercises control so that the
monitor 2 displays the ultrasound images and the synthesized
images stored in the image memory 18 and the GUI used by
the operator to specify any of the various types of processes.
[0046] An overall configuration of the ultrasound diagnosis
apparatus according to the first embodiment has thus been
explained. The ultrasound diagnosis apparatus according to
the first embodiment configured as described above performs
an ultrasound image taking process through vltrasound wave
transmissions and receptions.

[0047] The filtering process performed by the image pro-
cessing unit 16 is applicable not only to the B-mode data but
also to images in other modes. For example, as an example of
the filtering process, the image processing unit 16 decom-
poses the strain data, by performing a multi-resolution
decomposition, into low-range decomposed image data and
high-range decomposed image data on a predetermined num-
ber of hierarchical levels (a predetermined number of levels)
by performing a wavelet transformation process. After that,
the image processing unit 16 sequentially processes the
image data from the image data on the lowest level to the
image data on the highest level, by using the non-linear aniso-
tropic diffusion filter.

[0048] FIG. 2 is a drawing for explaining a conventional
method. In the example illustrated in FIG. 2, original image
data serving as a processing target of an image processing unit
is strain data generated by a strain data processing unit. Fur-
ther, FIG. 2 illustrates a situation where the number of levels
in a multi-resolution analysis is “3”.

[0049] The image processing unit according to the conven-
tional method includes a decomposing unit, a diffusion filter
unit, an adjusting unit, and a reconstructing unit, on each of
the levels. For the sake of convenience in the explanation,
when it is necessary to distinguish the decomposing units, the
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diffusion filter units, the adjusting units, and the reconstruct-
ing units on the different levels from one another, the func-
tional units may be referred to as follows: The functional units
onlevel 1 will be referred to as a first decomposing unit, a first
diffusion filter unit, a first adjusting unit, and a first recon-
structing unit; the functional units on level 2 will be referred
to as asecond decomposing unit, a second diffusion filter unit,
asecond adjusting unit, and a second reconstructing unit; and
the functional units on level 3 will be referred to as a third
decomposing unit, a third diffusion filter unit, a third adjust-
ing unit, and a third reconstructing unit.

[0050] Each of the decomposing units decomposes strain
data, by performing a multi-resolution analysis thereon, into
low-range decomposed image data and high-range decom-
posed image data. More specifically, by performing a wavelet
transformation process (a discrete wavelet transformation
process), each of the decomposing units decomposes the
strain data into low-range decomposed image data “LL” and
high-range decomposed image data “HL, LH, and HH”. In
this situation, “LL” is image data in which the components in
both the horizontal direction and the vertical direction are
low-frequency components. “HL” is 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. “LH” is image data in which
the component in the horizontal direction is a low-frequency
component, whereas the component in the vertical direction
1s a high-frequency component. “HH” is image data in which
the components in both the horizontal direction and the ver-
tical direction are high-frequency components.

[0051] Further, each of the decomposing units outputs the
“LL” to the decomposing unit positioned on the immediately
lower level and outputs the “HL, LH, and HH” to the adjust-
ing unit positioned on the same level. For example, as illus-
trated in F1G. 2, the first decomposing unit outputs “LL (1st)”,
which is LL on level 1, to the second decomposing unit and
outputs “HL (1st), LH (1st), and HH (1st)”, which are HL,
LH, and HH on level 1, to the first adjusting unit. Similarly,
the second decomposing unit outputs “LL (2nd)”, which is
LL onlevel 2, to the third decomposing unit and outputs “HL
(2nd), LH (2nd), and HH (2nd)”, which are HL., LH, and HH
on level 2, to the second adjusting unit.

[0052] The decomposing unit positioned on the lowest
level outputs the “LL” to the diffusion filter unit positioned on
the same level. For example, as illustrated in FIG. 2, the third
decomposing unit outputs “LL (3rd)”, which is LT on level 3,
to the third diffusion filter unit.

[0053] After that, each of the diffusion filter units applies a
non-linear anisotropic diffusion filter to the “LL”. Subse-
quently, each of the diffusion filter units outputs the “filter-
processed LL” to a corresponding one of the reconstructing
units. In addition, each of the diffusion filter units detects
edge information and outputs the detected edge information
to a corresponding one of the adjusting units.

[0054] FIG. 3 is a flowchart of a processing procedure
performed by each of the diffusion filter units according to the
conventional method. As illustrated in FIG. 3, the diffusion
filter unit receives an input of strain data (step S1). After that,
the diffusion filter unit performs a spatial derivative calcula-
tion by using the strain data (step S2) so as to obtain structure
tensors (step S3). Further, from the structure tensors, the
diffusion filter unit calculates edge sizes and edge directions
as information (edge information) about the edges in the
strain data (step S4). Of the calculated edge information, the
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diffusion filter unit outputs the edge sizes to the adjusting unit
(step S5). Subsequently, the diffusion filter unit calculates
diffusion tensors from the edge information (step S6) and
calculates a diffusion equation with respect to the strain data,
by using the calculated diffusion tensors (step S7). After that,
the diffusion filter unit outputs the filter-processed strain data
to a corresponding one of the reconstructing units (step S8).
[0055] Returning to the description of FIG. 2, each of the
adjusting units adjusts signal levels of “HL,, LH, and HH”, by
using the edge information detected by the diffusion filter unit
positioned on the same level. After that, each of the adjusting
units outputs the “adjusted HL, adjusted LH, and adjusted
HH” to the reconstructing unit positioned on the same level.
For example, as illustrated in FIG. 2, the third adjusting unit
adjusts signal levels of “HL (3rd), LH (3rd), and HH (3rd)” by
using the edge information detected by the third diffusion
filter unit. After that, as illustrated in FIG. 2, the third adjust-
ing unit outputs the “adjusted HL (3rd), adjusted LH (3rd),
and adjusted HH (3rd)” to the third reconstructing unit.
[0056] Each of the reconstructing units performs a recon-
structing process on the “filter-processed LL” and the
“adjusted HL, adjusted LH, and adjusted HH” by performing
a multi-resolution synthesizing process. More specifically,
each of the reconstructing units synthesizes the “filter-pro-
cessed LL” with the “adjusted HL, adjusted LH, and adjusted
HH” by performing a wavelet inverse transformation process.
After that, each of the reconstructing units outputs “output
data”, which is the data resulting from the reconstructing
process, to the diffusion filter unit positioned on the higher
level. The reconstructing unit positioned on the highest level
outputs the output data to the image generating unit 17.
[0057] Forexample, as illustrated in FIG. 2, the third recon-
structing unit synthesizes the “filter-processed LL (3rd)” with
the “adjusted HL (3rd), adjusted LH (3rd), and adjusted HH
(3rd)”. After that, as illustrated in FIG. 2, the third recon-
structing unit outputs “level 3 output data”, which is the data
resulting from the reconstructing process, to the second dif-
fusion filter unit positioned on level 2. Further, as illustrated
in FIG. 2, the first reconstructing unit synthesizes the “filter-
processed LL (1st)” with the “adjusted HL (1st), adjusted LH
(Lst), and adjusted HH (1st)”. After that, as illustrated in FIG.
2, the first reconstructing unit outputs “level 1 output data”,
which is the data resulting from the reconstructing process, to
the image generating unit 17.

[0058] As explained above, the image processing unit
according to the conventional method calculates feature
amounts from the strain data itself, which is the target of the
filtering process, and performs the filtering process on the
strain data onthe basis ofthe calculated feature amounts. FIG.
4 is a drawing for explaining the image processing unit
according to the conventional method. FIG. 4 illustrates a
strain image 101 generated without performing a filtering
process on strain image data and a strain image 104 generated
after performing a filtering process. Further, FIG. 4 also illus-
trates an enlarged view 103 obtained by enlarging a rectan-
gular area 102 in the strain image 101 and an enlarged view
106 obtained by enlarging a rectangular area 105 in the strain
image 104. The images illustrated in FIG. 4 are examples of
strain images obtained by taking images of amammary gland.
[0059] As illustrated in FIG. 4, the strain image 101 and the
strain image 104 are generated as images in which the degrees
of hardness of the tissue in the subject’s body are expressed in
different colors. In the examples illustrated in FIG. 4, for the
sake of convenience in the explanation, the images are ren-
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dered in such a manner that the harder the tissue at the site in
the subject’s body is, the closer to white the color is, and the
softer the tissue at the site in the subject’s body is, the closer
to black the color is. The harder sites indicated in the strain
image 101 have been smoothed in the strain image 104 result-
ing from the filtering process.

[0060] In contrast, the softer sites indicated in the strain
image 101 are not smoothed so as to maintain the tissue
structure in the strain image 104 resulting from the filtering
process. More specifically, as the enlarged view 103 is com-
pared with the enlarged view 106, some of the strain values in
the softer sites in the enlarged view 106 are decreased. In
other words, the softer sites are smoothed so as to be generally
blurry at the boundary sites where the degrees of hardness
vary, so that the tissue structure is not definite.

[0061] As explained here, as for the filtering process per-
formed by the image processing unit according to the con-
ventional method, when the filtering process is performed on
the strain data, it is not possible to achieve a sufficient level of
resolution in the softer sites even with the filtering process,
and it is difficult to recognize the relationship with the tissue
structure. More specifically, the image processing unit
according to the conventional method calculates the feature
amounts of the image data from the strain data itself, which is
the target of the filtering process. However, because the reso-
lution of the strain data is lower in softer sites, it is difficult to
calculate appropriate feature amounts. For this reason, as for
the filtering process performed by the image processing unit
according to the conventional method, it is not possible to
achieve a sufficient effect even if the filtering process is
applied to the strain data.

[0062] To cope with this situation, the image processing
unit 16 according to the first embodiment, for example, cal-
culates feature amounts from the B-mode data and corrects
the strain data on the basis of the calculated feature amounts.
In other words, the image processing unit 16 according to the
first embodiment calculates the feature amounts from at least
such apart of second image data that overlaps with first image
data, the second image data having an image taking region of
which at least a part overlaps with that of the first image data
and using a parameter that is different from that of the first
image data as an imaged target and corrects such a part of the
first image data that overlaps with the second image data on
the basis of the calculated feature amounts.

[0063] Itshouldbe noted that, when the elastography mode
is specified, the B-mode data generating process performed
by the B-mode processing unit 13 and the strain data gener-
ating process performed by the strain data processing unit 15
are performed in a time-divided manner in the first embodi-
ment.

[0064] FIG. 5isa functional block diagram of a configura-
tion of the image processing unit 16 according to the first
embodiment. As illustrated in FIG. 5, the image processing
unit 16 according to the first embodiment includes a decom-
posing unit 161, a diffusion filter unit 162, an adjusting unit
163, a reconstructing unit 164, and an image reducing unit
166 on each of the levels. For the sake of convenience in the
explanation, when it is necessary to distinguish the decom-
posing units 161, the diffusion filter units 162, the adjusting
units 163, the reconstructing units 164, and the image reduc-
ing units 166 on the different levels from one another, the
functional units may be referred to as follows: The functional
units on level 1 will be referred to as a first decomposing unit
161a, a first diffusion filter unit 1624, a first adjusting unit



US 2015/0119711 Al

163a, a first reconstructing unit 164a, and a first image reduc-
ing unit 166a; the functional units on level 2 will be referred
to as a second decomposing unit 1615, a second diffusion
filter unit 1625, a second adjusting unit 1635, a second recon-
structing unit 1644, and a second image reducing unit 1665;
and the functional units on level 3 will be referred to as a third
decomposing unit 161c, a third diffusion filter unit 162¢, a
third adjusting unit 163c, a third reconstructing unit 164c, and
a third image reducing unit 166c. Further, an image size
adjusting unit 165 is provided on the highest level. In other
words, the image size adjusting unit 165 is provided on level
L.

[0065] The image size adjusting unit 165 cuts out an area
having the same spatial region with the strain data from the
B-mode data and adjusts the size of the B-mode data so that
the pixel size thereof becomes the same as that of the strain
data. In this situation, itis sufficient if theimage size adjusting
unit 165 arranges the pixel size of the strain data to be the
same as the pixel size of the B-mode data, in preparation for
the processes performed at the subsequent stages. Thus, the
image size adjusting unit 165 may change only the size of the
strain data or may change both the size of the strain data and
the size of the B-mode data.

[0066] Each of the decomposing units 161 decomposes
strain data, by performing a multi-resolution analysis
thereon, into low-range decomposed image data and high-
range decomposed image data. More specifically, by per-
forming a wavelet transformation process (a discrete wavelet
transformation process), each of the decomposing units 161
decomposes the strain data into low-range decomposed
image data “LL” and high-range decomposed image data
“HL, LH, and HH”. In this situation, “LL” is image data in
which the components in both the horizontal direction and the
vertical direction are low-frequency components. “HL” is
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. “LH” is
image data in which the component in the horizontal direction
is alow-frequency component, whereas the component in the
vertical direction is a high-frequency component. “HH” is
image data in which the components in both the horizontal
direction and the vertical direction are high-frequency com-
ponents.

[0067] Further, each of the decomposing units 161 outputs
the “LL” to the decomposing unit 161 positioned on the
immediately lower level and outputs the “HL, LH, and HH” to
the adjusting unit 163 positioned on the same level. For
example, as illustrated in FIG. 5, the first decomposing unit
161a outputs “LL (1st)”, which is LL onlevel 1, to the second
decomposing unit 1614 and outputs “HL (1st), LH (1st), and
HH (1st)”, which are HL, LH, and HH on level 1, to the first
adjusting unit 163a. Similarly, the second decomposing unit
1615 outputs “LL (2nd)”, which is LL on level 2, to the third
decomposingunit 161 ¢ and outputs “HL (2nd), LH (2nd), and
HH (2nd)”, which are HL, LH, and HH on level 2, to the
second adjusting unit 1635.

[0068] The decomposing unit 161 positioned on the lowest
level outputs the “LL” to the diffusion filter unit 162 posi-
tioned on the same level. For example, as illustrated in FIG. 5,
the third decomposing unit 161c outputs “LL (3rd)”, which is
LL on level 3, to the third diffusion filter unit 162c.

[0069] Each of the image reducing units 166 reduces the
image size of B-mode data received as an input, so as to be the
same as the image size of the low-range decomposed image
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data “LL” of the strain data decomposed by a corresponding
one of the decomposing units 161. In other words, each of the
image reducing units 166 reduces the image size of the
B-mode data so as to be the same as the image size of the
image data generated by the decomposing unit 161 positioned
on the same level. After that, each of the image reducing units
166 outputs the reduced B-mode data to the diffusion filter
unit 162 positioned on the same level and to the image reduc-
ing unit 166 positioned on the immediately lower level. In this
situation, the image reducing unit 166 positioned on the low-
est level outputs the reduced B-mode data only to the diffu-
sion filter unit 162 positioned on the same level. Filter coef-
ficients used for the reduction of the images can be used in
common as low-range filters used by the decomposing units
161.

[0070] Each ofthe diffusion filter units 162 calculates edge
directions and edge sizes in the B-mode data as feature
amounts, from the B-mode data reduced by a corresponding
one of the image reducing units 166, and smooths the low-
range decomposed image data “LL” of the strain data decom-
posed by a corresponding one of the decomposing units 161
on the basis of the calculated feature amounts. In other words,
each of the diffusion filter units 162 calculates the edge sizes
and the edge directions of the B-mode data as the feature
amounts, from at least such a part of the reduced B-mode data
on the level that overlaps with the low-range decomposed
image data “LL” and further smooths, along the edge direc-
tions, such a part of the low-range strain data resulting from
the multi-resolution decomposition on the level that overlaps
with the reduced B-mode data, on the basis of the edge sizes.
For example, each of the diffusion filter units 162 applies a
non-linear anisotropic diffusion filter to the “LL”. After that,
each of the diffusion filter units 162 outputs the “filter-pro-
cessed LL” to a corresponding one of the reconstructing units
164. In addition, each of the diffusion filter units 162 detects
the edge information (the edge sizes) and outputs the detected
edge information to a corresponding one of the adjusting
units 163.

[0071] Each of the adjusting units 163 adjusts signal levels
of the “HL, LL, and HH”, by using the edge information
detected by the diffusion filter unit 162 positioned on the
same level. For example, each of the adjusting units 163
reduces noise by eliminating signals smaller than the edge
sizes calculated by a corresponding one of the diffusion filter
units 162 as the noise, from the high-range decomposed
image data “HL, LH, and HH” of the strain data decomposed
by a corresponding one of the decomposing units 161. After
that, each of the adjusting units 163 outputs the “adjusted HL,
adjusted LH, and adjusted HH” to the reconstructing unit 164
positioned on the same level. For example, as illustrated in
FIG. 5, the third adjusting unit 163¢ adjusts signal levels of
“HL (3rd), LH (3rd), and HH (3rd)” by using the edge infor-
mation detected by the third diffusion filter unit 162¢. After
that, as illustrated in FIG. 5, the third adjusting unit 163¢
outputs the “adjusted HL (3rd), adjusted LH (3rd), and
adjusted HH (3rd)” to the third reconstructing unit 164c.

[0072] Each of the reconstructing units 164 generates new
strain data by synthesizing the high-range decomposed image
data “HL, LH, and HH” of the strain data from which the
noise was eliminated by a corresponding one of the adjusting
units 163 with the low-range decomposed image data “LL” of
the strain data that was smoothed by a corresponding one of
the diffusion filter units 162. In other words, each of the
reconstructing units 164 generates corrected strain data by
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performing a reconstructing process on the “filter-processed
LL” and the “adjusted HL, adjusted LH, and adjusted HH”,
through a multi-resolution synthesizing process. More spe-
cifically, each of the reconstructing units 164 synthesizes the
“filter-processed LL.” with the “adjusted HL, adjusted LH,
and adjusted HH” by performing a wavelet inverse transfor-
mation process. After that, each of the reconstructing units
164 outputs “output data”, whichis the data resulting from the
reconstructing process, to the diffusion filter unit 162 posi-
tioned on the higher level. The reconstructing unit 164 posi-
tioned en the highest level outputs the output data to the image
generating unit 17.

[0073] Forexample, as illustrated in FIG. 5, the third recon-
structing unit 164¢ synthesizes the “filter-processed LL
(3rd)” with the “adjusted HL (3rd), adjusted LH (3rd), and
adjusted HH (3rd)”. After that, as illustrated in FIG. 5, the
third reconstructing unit 164¢ outputs “level 3 output data”,
which is the data resulting from the reconstructing process, to
the second diffusion filter unit 1625 positioned on level 2.
Further, as illustrated in FIG. 5, the first reconstructing umit
164a synthesizes the “filter-processed LL (1st)” with the
“adjusted HL (1st), adjusted LH (1st), and adjusted HH (1st)
. After that, as illustrated in FIG. 5, the first reconstructing
unit 164a outputs “level 1 output data”, which is the data
resulting from the reconstructing process, to the image gen-
erating unit 17. In this situation, the wavelet transformation
process and the wavelet inverse transformation process are
examples of multi-resolution analyses. It is acceptable to
apply any other multi-resolution analyzing method such as a
Laplacian pyramid method.

[0074] Next, a processing procedure performed by each of
the diffusion filter units 162 will be explained. FIG. 6 is a
flowchart of the processing procedure performed by each of
the diffusion filter units 162 according to the first embodi-
ment. As illustrated in FIG. 6, the diffusion filter unit 162
receives an input of B-mode data (step S101). After that, the
diffusion filter unit 162 performs a spatial derivative calcula-
tion on the pixel levels (brightness values) of the B-mode data
in the horizontal direction (the widthwise direction or the x
direction) and the vertical direction (the lengthwise direction
or the y direction) (step S102) so as to obtain structure tensors
(step S103). In this situation, the structure tensors are tensors
calculated for the purpose of detecting edge sizes and edge
directions. The eigenvalue of a structure tensor is associated
with the edge size, whereas the eigenvector of a structure
tensor expresses the edge direction. A structure tensor “S” can
be defined as indicated in Expression (1) below:

7oL Goxl2 Gox(L)) sy s (1
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[0075] In Expression (1), “L” is a spatial derivative in the

x-direction of a pixel level “I” of the input image data. In
Expression (1), “1,” is a spatial derivative in the y direction of
“I”. Further, “G,” denotes a two-dimensional Gaussian func-
tion, whereas the operator “*” denotes a convolution. For
example, the third diffusion filter unit 162¢ differentiates “LL
(3rd)” in the horizontal direction (the widthwise direction or
the x direction) and the vertical direction (the lengthwise
direction or the y direction) and calculates a structure tensor
“S11» 812, 82, indicated in Expression (1).
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[0076] The calculation of the structure tensors does not
necessarily have to strictly follow the method described
above. It is acceptable to apply a sobel filter, instead of cal-
culating “I.”” and “L” at the first stage of the process.

[0077] After that, the diffusion filter unit 162 calculates the
edge sizes and the edge directions as information (edge infor-
mation) about the edges in the B-mcde data, from elements of
the calculated structure tensors (step S104).

[0078] Further, the diffusion filter unit 162 smooths the
strain data along the edge directions, on the basis of the edge
sizes calculated from the B-mode data with respect to softer
sites that are selected from between harder sites and the softer
sites within the strain data. For example, the diffusion filter
unit 162 receives an input of the strain data (step S105) and
normalizes strain values of the pixels in the strain data (step
S106). For example, the diffusion filter unit 162 normalizes
the strains values of the pixels with an average value or a
maximum value. After that, the diffusion filter unit 162 judges
the normalized strain values with a threshold value (step
S107). For example, if the normalized strain value of a pixel
is smaller than the threshold value, the diffusion filterunit 162
considers the strain value to be a true value. Subsequently, the
diffusion filter unit 162 performs a masking process on the
basis of the result of the threshold judgment process (step
S108). For example, if the normalized strain value of a pixel
is smaller than the threshold value, the diffusion filterunit 162
determines the edge size to be “0”. As a result, the diffusion
filter unit 162 performs the processes thereafter, while con-
sidering the harder sites as sites having no edges. On the
contrary, if the normalized strain value of a pixel is equal to or
larger than the threshold value, the diffusion filter unit 162
uses the edge size detected at step S104 as the edge size
thereof. As a result, the diffusion filter unit 162 performs the
processes thereafter, while considering the edge sizes of the
softer sites to be the edge sizes calculated from the B-mode
data. Further, the diffusion filter unit 162 outputs the edge
sizes after the masking process to the adjusting unit 163 (step
S109).

[0079] Subsequently. the diffusion filter unit 162 calculates
diffusion tensors (step S110). A diffusion tensor “D” is
defined as indicated in Expression (2) below:

dyy dip At 0O T 2
D= =R R
diy dn 0 A

[0080] In Expression (2), “R” denotes a reaction matrix,
whereas “R”” denotes a transposed matrix of “R”. Further,
“A;y A, in Expression (2) are diffusion filter coefficients
calculated on the basis of the edge information. For example,
by using Expression (2), the third diffusion filter unit 162¢
calculates a diffusion tensor “d, ;, d, ,, and d,,,” for “LL (3rd)
[0081] After that, the diffusion filter unit 162 calculates a
diffusion equation with respect to the strain data (step S111).
A non-linear anisotropic diffusion filter can be expressed by
using Expression (3) below that is a partial differential equa-
tion.

o1 =div[DVI ®
T iv] ]
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[0082] “VI (nablaI)” in Expression (3) denotes a gradient
vector of “I”, whereas “t” in Expression (3) denotes a time
related to the processing. Further, “div”’ in Expression (3)
denotes a divergence.

[0083] In other words, the calculating process “DVI” per-
formed by the diffusion filter unit 162 while using Expression
(3) is a calculating process to multiply a specific direction
with respect to the gradient vector of each of the pixels and a
direction perpendicular to the specific direction by “A,” and
“h,”. In this situation, the specific direction is the edge direc-
tion of the image data. The diffusion filter coefficients are
calculated in accordance with the edge sizes.

[0084] After that, the diffusion filter unit 162 performs a
non-linear anisotropic diffusion filtering process by perform-
ing a numerical value analytical calculation using the partial
differential equation of Expression (3) one time or a plurality
of times repeatedly. For example, by using pixel levels of a
pixel at a point and at multiple points (e.g., nine points) in the
surroundings of the pixel at t time “t” as well as the element
values of the diffusion tensor, the diffusion filter unit 162
calculates new pixel levels at the points at a time “t+At” and
further performs the same calculation by using “t+At” as a
new “t” either one time or a plurality of times repeatedly. For
example, the third diffusion filter unit 162¢ performs the
non-linear anisotropic diffusion filtering process on “LL
(3rd)” and “HL (3rd), LH (3rd), and HH (3rd)”. Thus, for a
site having an edge, the diffusion filter unit 162 performs the
smoothing process along the edge direction, but does not
perform the smoothing process in the direction perpendicular
to the edge. In contrast, for a site having no edge, the diffusion
filter unit 162 performs the smoothing process regardless of
the edge direction. By changing the degree of the smoothing
process in this manner according to whether the tissue has
edges or not and the directions thereof, the diffusion filter umt
162 is able to reduce the noise without sacrificing the resolu-
tion.

[0085] As for the method for calculating “A,, A,”, it is
desirable to prepare a general mathematical formula and to
make adjustments by using a number of parameters, so that it
is possible to make changes according to characteristics of
ultrasound images in various diagnosis fields.

[0086] After that, the diffusion filter unit 162 outputs the
filter-processed strain data to a corresponding one of the
reconstructing units 164 (step S112).

[0087] FIG. 7 is a drawing for explaining the image pro-
cessing unit 16 according to the first embodiment. FIG. 7
illustrates a strain image 201 generated without performing a
filtering process on strain image data and a strain image 204
generated after performing a filtering process. Further, FIG. 7
also illustrates an enlarged view 203 obtained by enlarging a
rectangular area 202 in the strain image 201 and an enlarged
view 206 obtained by enlarging a rectangular area 205 in the
strain image 204. The images illustrated in FIG. 7 are
examples of strain images obtained by taking images of mam-
mary gland.

[0088] As illustrated in FIG. 7, the strain image 201 and the
strain image 204 are generated as images in which the degrees
of hardness of the tissue in the subject’s body are expressed in
different colors. In the examples illustrated in FIG. 7, for the
sake of convenience in the explanation, the images are ren-
dered in such a manner that the harder the tissue at the site in
the subject’s body is, the closer to white the color is, and the
softer the tissue at the site in the subject’s body is, the closer
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to black the color is. The harder sites indicated in the strain
image 201 have been smoothed in the strain image 204 result-
ing from the filtering process.

[0089] In contrast, the softer sites indicated in the strain
image 201 have been smoothed while maintaining the tissue
structure in the strain image 204 resulting from the filtering
process. More specifically, as the enlarged view 203 is com-
pared with the enlarged view 206, the decreases in the strain
values in the softer sites in the enlarged view 206 are smaller.
Further, as the enlarged view 206 is compared with the
enlarged view 106 in FIG. 4, the softer sites in the enlarged
view 206 have been smoothed while the boundary sites where
the degrees of hardness vary are maintained, so that the tissue
structure is more definite than that in the enlarged view 106.
[0090] Afterthat, the image generating unit 17 generates an
elastography image by generating a strain image from the
strain data on which the filtering process was performed by
the image processing unit 16 and superimposing the gener-
ated strain image on the B-mode image.

[0091] FIG. 8 is a drawing for explaining the image gener-
ating unit 17 according to the first embodiment. FIG. 8 illus-
trates an elastography image generated after the filtering pro-
cess performed by the image processing unit 16 according to
the first embodiment. As illustrated in FIG. 8, the image
generating unit 17 generates an elastography image by super-
imposing a strain image 212 on a B-mode image 211. In the
elastography image generated by the image generating umt
17 in this manner, the tissue structure of the softer sites is
maintained, and the relationship with the B-mode image is
definite.

[0092] As explained above, according to the first embodi-
ment, the edge sizes and the edge directions are calculated
from the B-mode data as the feature amounts, and the calcu-
lated feature amounts are used as the feature amounts of the
non-linear anisotropic diffusion filter. In this situation,
because the tissue structure is definite in the B-mode data, it
is possible to calculate the appropriate feature amounts. As a
result, according to the first embodiment, because the feature
amounts calculated from the B-mode data are used as the
feature amounts of the non-linear anisotropic diffusion filter,
it is possible to obtain the feature amounts that are more
appropriate than in the situation where feature amounts are
obtained from the strain data itself, which is the target of the
filtering process. As a result, even if the filtering process is
performed on the softer sites in the strain data, because the
smoothing process is performed according to the edge sizes
and the edge directions, it is possible to make the relationship
between the strains and the tissue structure definite.

[0093] Further, when an anisotropic diffusion filter is
applied to harder sites by using the edge information of the
B-mode data, there is a tendency that patterns following the
edge directions in the B-mode image are rendered with an
unnaturally high intensity. To cope with this situation, accord-
ing to the first embodiment, each of the diffusion filter units
162 excludes the harder sites from the target of the filtering
process. For example, each of the diffusion filter units 162
normalizes the strain values of the pixels in the strain data,
performs the threshold judgment process on the normalized
values, and performs the masking process on the basis of the
result of the threshold judgment process (the processes at
steps S104 through S106 in FIG. 6). As aresult, by treating the
harder sites (i.e., the sites having smaller strains) as sites
having no edge, the diffusion filter units 162 reduce the ren-
dering of the unnatural patterns. The diffusion filter units 162
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may omit the processes at steps S104 through S106 illustrated
in FIG. 6. Alternatively, in place of the processes at steps S104
through S106 illustrated in FIG. 6, the ultrasound diagnosis
apparatus may receive a selection of a region that serves as a
target of the filtering process from the operator. In that situ-
ation, the image processing unit 16 receives the selection of a
rectangular region, a circular region, or an arbitrary region
from the operator via the input device 3 and performs the
filtering process only on the pixels within the received region.

Second Embodiment

[0094] Inthe first embodiment, the example is explained in
which the strain data processing unit 15 generates the strain
data from the reflected-wave data. The strain data, however,
may be generated from velocity components of tissue Dop-
pler data. Further, the Doppler processing unit 14 is capable
of generating tissue Doppler data by implementing a tissue
Doppler method. For this reason, in a second embodiment, an
example will be explained in which a strain data processing
unit generates strain data from the velocity components of
tissue Doppler data. Further, in the second embodiment, an
example will be explained in which the image processing unit
16 calculates feature amounts from power values of the tissue
Doppler data.

[0095] FIG. 9 is a drawing for explaining an overall con-
figuration of an ultrasound diagnosis apparatus according to
the second embodiment. As illustrated in FIG. 9, the ultra-
sound diagnosis apparatus according to the second embodi-
ment includes the ultrasound probe 1, the monitor 2, the input
device 3, and an apparatus main body 30. Some of the func-
tional units that play the same roles as those illustrated in FIG.
1 will be referred to by using the same reference characters,
and detailed explanation thereof will be omitted.

[0096] The apparatus main body 30 is an apparatus that
generates an ultrasound image on the basis of the reflected
waves received by the ultrasound probe 1. As illustrated in
FIG. 9, the apparatus main body 30 includes the transmitting
unit 11, the receiving unit 12, the B-mode processing unit 13,
aDoppler processing unit 34, a strain data processing unit 35,
the image processing unit 16, the image generating unit 17,
the image memory 18, the controlling unit 19, and the internal
storage unit 20. Some of the functional units that play the
same roles as those illustrated in FIG. 1 will be referred to by
using the same reference characters, and detailed explanation
thereof will be omitted.

[0097] When the elastography mode is specified, in the
second embodiment, the B-mode data generating process
performed by the B-mode processing unit 13 and the Doppler
data generating process performed by the Doppler processing
unit 34 are performed in a time-divided manner. Of the Dop-
pler data generated by the Doppler processing unit 34, power
values of the Doppler data are output to the image processing
unit 16, whereas the velocity components of velocity distri-
bution information are output to the strain data processing
unit 35.

[0098] The Doppler processing unit 34 according to the
second embodiment generates data (tissue Doppler data)
obtained by extracting movement information on the basis of
a Doppler effect on the tissue in the scanned region, by per-
forming a frequency analysis on the reflected-wave data
received from the receiving unit 12. More specifically, the
Doppler processing unit 34 generates the tissue Doppler data
obtained by extracting, as the movement information of the
tissue that is a moving member, a velocity, a dispersion value,
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and a power value, for a plurality of points in a two-dimen-
sional space or a three-dimensional space. After that, when
the elastography mode is specified, the Doppler processing
unit 34 outputs the velocity components of the tissue Doppler
data to the strain data processing unit 35 as the velocity
distribution information. Further, when the elastography
mode is specified, the Doppler processing unit 34 outputs the
power values of the tissue Doppler data to the image process-
ing unit 16. In contrast, if the tissue Doppler mode is speci-
fied, the Doppler processing unit 34 outputs the tissue Dop-
pler data to the image generating unit 17.

[0099] The strain data processing unit 35 according to the
second embodiment generates strain data by calculating
strains from the velocity components of the velocity distribu-
tion information obtained from the Doppler processing unit
34. For example, the strain data processing unit 35 calculates
a displacement by time-integrating the velocity components
of the velocity distribution information obtained from the
Doppler processing unit 34. Subsequently, the strain data
processing unit 35 calculates local strains of the tissue by
performing a predetermined calculation (e.g., a spatial
derivative) while using the calculated displacement. After
that, the strain data processing unit 35 generates the strain
data by color-coding and mapping the calculated local strain
values of the tissue into corresponding positions.

[0100] After that, for example, the image processing unit
16 according to the second embodiment calculates feature
amounts from the power values of the tissue Doppler data and
corrects the strain data on the basis of the calculated feature
amounts. In other words, the image processing unit 16
according to the second embodiment calculates the feature
amounts from at least such a part of second image data that
overlaps with first image data, the second image data having
an image taking region of which at least a part overlaps with
that of the first image data and using a parameter that is
different from that of the first image data as an imaged target
and corrects such a part of the first image data that overlaps
with the second image data on the basis of the calculated
feature amounts. The configuration of the image processing
unit 16 according to the second embodiment is the same as the
configuration of the image processing unit 16 according to the
firstembodiment illustrated in FIG. 5. In the present example,
when the image data processed by the image processing unit
16 according to the second embodiment is configured with
strain image data and the power values of the Doppler data,
the strain image data and the power values of the Doppler data
are generated from mutually the same Doppler signals.
[0101] FIG. 10 is a drawing for explaining the image pro-
cessing unit 16 according to the second embodiment. FIG. 10
illustrates a strain image 221 generated without performing a
filtering process on strain image data and a strain image 222
generated after performing a filtering process.

[0102] As illustrated in FIG. 10, the strain image 221 and
the strain image 222 are generated as images in which the
degrees of hardness of the tissue in the subject’s body are
expressed in different colors. In the examples illustrated in
FIG. 10, for the sake of convenience in the explanation, the
images are rendered in such a manner that the harder the
tissue at the site in the subject’s body is, the closer to white the
color is, and the softer the tissue at the site in the subject’s
body is, the closer to black the color is. As illustrated in FIG.
10, the harder sites indicated in the strain image 221 have
been smoothed in the strain image 222 resulting from the
filtering process. In contrast, the softer sites indicated in the
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strain image 221 maintain the tissue structure at the softer
sites in the strain image 222 resulting from the filtering pro-
cess.

[0103] Afterthat, the image generating unit 17 generates an
elastography image by generating a strain image from the
strain data on which the filtering process was performed by
the image processing unit 16 and superimposing the gener-
ated strain image on the B-mode image.

[0104] As explained above, according to the second
embodiment, because the edge sizes and directions are cal-
culated as the feature amounts from the power values of the
tissue Doppler data, it is possible to make the relationship
between the strain data and the tissue structure more definite
than in the situation where the feature amounts are obtained
from the strain data itself, which is the target of the filtering
process.

[0105] Further, according to the second embodiment, the
strain image data and the power values of the Doppler image
data are generated from mutually the same Doppler signals.
As aresult, it is possible to reduce the processing load of the
apparatus main body 30.

Third Embodiment

[0106] Inthe exemplary embodiments described above, the
examples are explained in which the ultrasound diagnosis
apparatus performs the processes. 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 image processing apparatus
having the functions of the image processing unit 16 illus-
trated in FIG. 1 or 9 may perform the image processing
processes described above by receiving the ultrasound image
data from the ultrasound diagnosis apparatus, a database in a
Picture Archiving and Communication System (PACS), or a
database in an electronic medical record system.

[0107] FIG.11is ablock diagram of an exemplary configu-
ration of an image processing apparatus 300 according to a
third embodiment. As illustrated in FIG. 11, the image pro-
cessing apparatus 300 according to the third embodiment
includes a monitor 302, an input device 303, an image pro-
cessing unit 316, an image generating unit 317, an image
memory 318, and a controlling unit 319.

[0108] The monitor 302 displays a GUT used for inputting
various types of setting requests and displays an ultrasound
image and the like generated by the image generating umit
317. The input device 303 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, and the like. The input device 303 receives
the various types of setting requests from an operator of the
image processing apparatus 300. The image memory 318
stores therein ultrasound image data and ultrasound images
received from the ultrasound diagnosis apparatus, a database
in the PACS, or a database in the electronic medical record
system. For example, the image memory 318 stores therein
ultrasound images and synthesized images generated by the
ultrasound diagnosis apparatus. Further, the image memory
318 stores therein ultrasound image data generated by the
ultrasound diagnosis apparatus. The controlling unit 319 is a
processor that controls the entire processes performed by the
image processing apparatus 300.

[0109] The image processing unit 316 reads the ultrasound
image data stored in the image memory 318 and performs
various types of image processing processes thereon. For
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example, the image processing unit 316 calculates feature
amounts from the B-mode data and corrects strain data on the
basis of the calculated feature amounts. In another example,
the image processing unit 316 calculates feature amounts
from power values of tissue Doppler data and corrects strain
data on the basis of the calculated feature amounts.

[0110] Further, the image generating unit 317 generates a
display-purpose ultrasound image by using the data on which
any of the various types of image processing processes has
been performed by the image processing unit 316.

[0111] TItis also acceptable to configure the image process-
ing apparatus 300 so as to further include a receiving unit, a
B-mode processing unit, a Doppler processing unit, and a
strain data processing unit. In that situation, the ultrasound
diagnosis apparatus transmits the reflected-wave signals
received by the ultrasound probe 1 to the image processing
apparatus 300. After that, the receiving unit included in the
image processing apparatus 300 generates reflected-wave
data, in the same manner as generated by the receiving unit 12
included in the ultrasound diagnosis apparatus. Further, the
B-mode processing unit receives the reflected-wave data
from the receiving unit and generates B-mode data in the
same manner as generated by the B-mode processing unit 13
included in the ultrasound diagnosis apparatus. The Doppler
processing unit receives the reflected-wave data from the
receiving unit and generates Doppler data in the same marnner
as generated by the Doppler processing unit 14 included in the
ultrasound diagnosis apparatus. The strain data processing
unit receives the reflected-wave data from the receiving unit
and generates strain data in the same manner as generated by
the strain data processing unit 15 included in the ultrasound
diagnosis apparatus. Alternatively, the strain data processing
unit may generate strain data by using the velocity compo-
nents of tissue Doppler data generated by the Doppler pro-
cessing unit.

Other Exemplary Embodiments

[0112] Inthe exemplary embodiments described above, the
strain data processing unit 15 is described as calculating the
displacement by time-integrating the velocity components of
the velocity distribution information obtained from the Dop-
pler processing unit 14; however, possible embodiments are
not limited to this example. For instance, the strain data
processing unit 15 may generate velocity distribution infor-
mation by performing a frequency analysis on the reflected-
wave data received from the receiving unit 12. In that situa-
tion, the strain data processing unit 15 calculates a
displacement by time-integrating velocity components of the
velocity distribution information generated thereby.

[0113] Further, in the exemplary embodiments described
above, the image generating unit 17 is described as generating
the strain image from the strain data generated by using the
strain values corresponding to the degrees of hardness of the
tissue in the subject’s body and generating the elastography
image by using the generated strain image; however, possible
embodiments are not limited to this example. For instance, in
the elastography mode, another method is possible by which
hardness image data is generated by changing the shape of a
tissue by using a “push pulse” having high sound pressure and
being transmitted from the ultrasound probe 1. Thus, the
image generating unit 17 may generate an elastography
image by generating a hardness image from the hardness
image data and using the generated hardness image. In that
situation, the ultrasound diagnosis apparatus includes, for
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example, a hardness data processing unit as a processing unit
that is similar to the strain data processing unit 15. The hard-
ness data processing unit forms a shear wave, which is a
transverse wave that propagates through a tissue, and further
calculates a propagation velocity v, of the shear wave. After
that, the hardness data processing unit may generate hardness
image data (which may also be called “hardness data”) on the
basis of the propagation velocity v, of the shear wave. Alter-
natively, the hardness data processing unit may generate hard-
ness image data by using a Young’s modulus that is calculated
from the propagation velocity of the shear wave. The filtering
process is performed by the image processing unit 16 on the
hardness image data generated in this manner by the hardness
data processing unit, in the same manner as performed on the
strain data.

[0114] Further, in the exemplary embodiments above, the
example is explained in which the number of levels in the
multi-resolution analysis performed by the image processing
unit 16 is “3”’; however, possible embodiments are not limited
to this example. For instance, the number of levels in the
multi-resolution analysis may arbitrarily be changed. For
example, the number of levels in the multi-resolution analysis
may be “2” or “4”. Further, in the exemplary embodiments
above, the example is explained in which the number ofTevels
in the multi-resolution analysis performed by the image pro-
cessing unit 16 is two or more; however, possible embodi-
ments are not limited to this example. For instance, the num-
ber of levels in the multi-resolution analysis may be “1”.

[0115] Further, in the exemplary embodiments above, the
examples are explained in which the image processing unit 16
extracts the feature amounts from the B-mode data and per-
forms the filtering process on the strain data generated by
calculating the strain values and in which the image process-
ing unit 16 extracts the feature amounts from the power values
of the Doppler data and performs the filtering process on the
strain data generated from the velocity components of the
tissue Doppler data; however, possible embodiments are not
limited to these examples. For instance, the image processing
unit 16 may extract feature amounts from power values of the
Doppler data and perform a filtering process on strain data
generated by calculating strain values. In another example,
the image processing unit 16 may extract feature amounts
from the B-mode data and perform a filtering process on
strain data generated from the velocity components of the
tissue Doppler data. Alternatively, the image processing unit
16 may extract feature amounts from the power values of the
Doppler data and perform a filtering process on hardness data
or may extract feature amounts from the B-mode data and
perform a filtering process on the hardness data.

[0116] Further, in the exemplary embodiments above, the
example is explained in which the image generating unit 17
generates the strain image by using the strain data generated
by the strain data processing unit 15 and generates the elas-
tography image by superimposing the strain image on the
B-mode image; however, possible embodiments are not lim-
ited to this example. For instance, the image generating unit
17 does not necessarily have to superimpose the strain image
on the B-mode image. In that situation, it is acceptable to
configure the image generating unit 17 so as to display, on the
monitor 2, the strain image and the B-mode image arranged
side by side as elastography images. Alternatively, the image
generating unit 17 may generate a strain image from strain
data and display the strain image alone on the monitor 2.
Similarly, the image generating unit 17 may generate the
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hardness image as an elastography image by using the hard-
ness data generated by the hardness data processing unit and
display, on the monitor 2, the hardness image so as to be
superimposed on the B-mode image. In another example, the
image generating unit 17 may display, on the monitor 2, the
hardness image and the B-mode image arranged side by side.
In yet another example, the image generating unit 17 may
display the hardness image alone on the monitor 2.

[0117] Further, in the exemplary embodiments above, the
example is explained in which the image processing unit 16
uses the strain image data or the hardness image data gener-
ated in the elastography mode as the target of the filtering
process; however, possible embodiments are not limited to
this example. In other words, the image processing unit 16
may use data other than the strainimage data and the hardness
image data as the target of the filtering process. For example,
in the first embodiment, the image processing unit 16 is
described as calculating the edge sizes and the edge directions
of the B-mode data as the feature amounts and performing the
filtering process on the strain data on the basis of the calcu-
lated feature amounts; however, possible embodiments are
not limited to this example. For instance, the image process-
ing unit 16 may calculate the edge sizes and the edge direc-
tions of the B-mode data as the feature amounts and may
perform a filtering process on color Doppler data on the basis
of the calculated feature amounts. Further, in the second
embedment, the image processing unit 16 is described as
calculating the edge sizes and the edge directions as the
feature amounts from the power values of the Doppler data
and performing the filtering process on the strain data on the
basis of the calculated feature amounts; however, possible
embodiments are not limited to this example. For instance,
the image processing unit 16 may calculate feature amounts
from the power values of the Doppler data and perform a
filtering process on color Doppler data on the basis of the
calculated feature amounts.

[0118] Further, the image processing unit 16 may perform
a filtering process on data obtained by color-mapping the
“velocities” of color Doppler data. In that situation, for
example, the image processing unit 16 extracts the edge sizes
and the edge directions from the B-mode data as the feature
amounts. After that, the image processing unit 16 performs a
filtering process on the data obtained by color-mapping the
“velocities” of the color Doppler data, on the basis of the
extracted feature amounts. Alternatively, it is also acceptable
to configure the image processing unit 16 so as to calculate
edge sizes and edge directions from the power values of the
Doppler data and to perform a filtering process on the data
obtained by color-mapping the “velocities” of the color Dop-
pler data, on the basis of the calculated feature amounts.

[0119] Further, the image processing unit 16 may perform
a filtering process on data obtained by color-mapping “dis-
persions” of color Doppler data. In that situation, for
example, the image processing unit 16 extracts the edge sizes
and directions from the B-mode data as the feature amounts.
After that, the image processing unit 16 performs a filtering
process on the data obtained by color-mapping the “disper-
sions” of the color Doppler data, on the basis of the extracted
feature amounts. As explained herein, the image processing
unit 16 may perform the filtering process while using the edge
sizes and directions extracted from the B-mode data as the
feature amounts, as long as the image is an image using a
different measurement parameter from that of the B-mode
data. Alternatively, the image processing unit 16 may calcu-
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late edge sizes and edge directions from the power values of
the Doppler data as feature amounts and perform a filtering
process on the data obtained by color-mapping the “disper-
sions” of the color Doppler data, on the basis of the calculated
feature amounts.

[0120] Further, the image processing unit 16 may perform
a filtering process on data generated by performing a har-
monic imaging process by which harmonic components are
imaged. For example, during a Contrast Harmonic Imaging
(CHI) process, the image processing unit 16 may apply a
filtering process on B-mode data (CHI-purpose B-mode data)
generated from reflected-wave data that is obtained by apply-
ing a contrast agent to the subject and extracting harmonic
components. In that situation, the image processing unit 16
extracts edge sizes and directions as feature amounts from the
B-mode data generated from reflected-wave data of funda-
mental wave components prior to the application of the con-
trast agent. After that, the image processing unit 16 performs
the filtering process on the CHI-purpose B-mode data, on the
basis of the extracted feature amounts.

[0121] Further, the image processing unit 16 may apply a
filtering process on a Tissue Harmonic Imaging (THI) pro-
cess by which harmonic components are extracted. In that
situation, the image processing unit 16 extracts edge sizes and
directions as feature amounts from B-mode data generated
from reflected-wave data of fundamental wave components.
After that, the image processing unit 16 performs a filtering
process on THI-purpose B-mode data, on the basis of the
extracted feature amounts.

[0122] Further, in the exemplary embodimernts above, the
example is explained in which the image processing unit 16
performs the filtering process on the data available prior to the
scan convert process; however, possible embodiments are not
limited to this example. For instance, the image processing
unit 16 may perform the filtering process by using the strain
image or the hardness image available after the scan convert
process. In that situation, the strain data processing unit 15
outputs the generated data to the image generating unit 17,
and not to the image processing unit 16. After that, the image
processing unit 16 extracts edge sizes and directions of the
B-mode image available after the scan covert process as fea-
ture amounts and performs a filtering process on the strain
image or the hardness image available after the scan convert
process, on the basis of the extracted feature amounts.
[0123] In the exemplary embodiments above, the example
is explained in which the image processing unit 16 extracts
directionality of the image data as the feature amounts and
employs the non-linear anisotropic diffusion filter that per-
forms the smoothing process on the basis of the feature
amounts; however, possible embodiments are not limited to
this example. For instance, the image processing unit 16 may
perform an enhancing process in the directions perpendicular
to those of the edges, by employing a non-linear anisotropic
diffusion filter. Further, for example. the image processing
unit 16 may employ a filter that smooths the image in the
directions of tangential lines and that sharpens the image in
the directions of normal lines.

[0124] Further, in the exemplary embodiments above, it is
presumed that the ultrasound probe in which the ultrasound
transducer elements are one-dimensionally arranged is used
so as to obtain the two-dimensional tomographic image.
However, it is also acceptable to obtain a three-dimensional
image by using an ultrasound probe in which ultrasound
transducer elements that are one-dimensionally arranged are
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caused to slide or in which ultrasound transducer elements are
two-dimensionally arranged. To obtain the three-dimensional
image, it is acceptable to apply a two-dimensional filter to
each of the cross-sectional planes or to apply a three-dimen-
sional filter having three-dimensional feature amounts.
[0125] Further, it is possible to realize any of the processes
performed by the ultrasound diagnosis apparatus explained in
the exemplary embodiments above, by causing a computer
such as a personal computer, a workstation, an image storing
apparatus (an image server) in a PACS, an image viewer, and
any of various types of apparatuses used in an electronic
medical record system, to execute a computer program (here-
inafter, “program”) prepared in advance. The program may be
distributed via a network such as the Internet. Further, the
program may be recorded on a computer-readable recording
medium such as a hard disk, a flexible disk (FD), a Compact
Disk Read-Only Memory (CD-ROM), a Magneto-Optical
(MO) disk, a Digital Versatile Disk (DVD), or the like, so as
to be executed as being read from the recording medium by
the computer.

[0126] According to at least one aspect of the embodiments
described above, it is possible to improve the resolution in the
image filtering process, regardless of the types of the image
data.

[0127] 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
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 transmitting and receiving unit that transmits and
receives an ultrasound wave to and from a subject;

a first image data generating unit that generates first image
data based on a first parameter, from a reception signal
received by the transmitting and receiving unit;

a second image data generating unit that generates second
image data having an image taking region of which at
least a part overlaps with that of the first image data and
being based on a second parameter that is different from
the first parameter, from a reception signal received by
the transmitting and receiving unit; and

an image processing unit that calculates a feature amount
from at least such a part of the second image data that
overlaps with the first image data and corrects such a part
of the first image data that overlaps with the second
image data on a basis of the calculated feature amount.

2. The ultrasound diagnosis apparatus according to claim

1, wherein the image processing unit calculates an edge direc-
tion and an edge size of the second image data as feature
amounts from at least such a part of the second image data that
overlaps with the first image data and smooths such a part of
the first image data that overlaps with the second image data
along the edge direction, on a basis of the edge size.

3. The ultrasound diagnosis apparatus according to claim

2, wherein the image processing unit smooths the first image
data along the edge direction on a basis of the edge size
calculated from the second image data with respect to a softer
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site that is selected from between a harder site and the softer
site within the first image data.
4. The ultrasound diagnosis apparatus according to claim
1, wherein the first image data is one of strain image data and
hardness image data, whereas the second image data is one of
B-mode image data and a power value of Doppler image data.
5. The ultrasound diagnosis apparatus according to claim
2, wherein the first image data is one of strain image data and
hardness image data, whereas the second image data is one of
B-mode image data and a power value of Doppler image data.

6. The ultrasound diagnosis apparatus according to claim
3, wherein the first image data is one of strain image data and
hardness image data, whereas the second image data is one of
B-mode image data and a power value of Doppler image data.

7. The ultrasound diagnosis apparatus according to claim
4, wherein when the first image data is one of the strain image
data and the hardness image data, while the second image
data is the power value of the Doppler image data, the first
image data and the second image data are generated from
mutually same Doppler signals.

8. The ultrasound diagnosis apparatus according to claim

5, wherein when the first image data is one of the strain image
data and the hardness image data, while the second image
data is the power value of the Doppler image data, the first
image data and the second image data are generated from
mutually same Doppler signals.

9. The ultrasound diagnosis apparatus according to claim

6, wherein when the first image data is one of the strain image
data and the hardness image data, while the second image
data is the power value of the Doppler image data, the first
image data and the second image data are generated from
mutually same Doppler signals.

10. The ultrasound diagnosis apparatus according to claim

1, wherein the firstimage data is Doppler image data, whereas
the second image data is one of B-mode image data and a
power value of Doppler image data.

11. The ultrasound diagnosis apparatus according to claim

2, wherein the firstimage data is Doppler image data, whereas
the second image data is one of B-mode image data and a
power value of Doppler image data.

12. The ultrasound diagnosis apparatus according to claim

1, wherein the first image data is image data generated from
reflected-wave data obtained by extracting a harmonic com-
ponent, whereas the second image data is image data gener-
ated from reflected-wave data of a fundamental wave com-
ponent.

13. The ultrasound diagnosis apparatus according to claim

2, wherein the first image data is image data generated from
reflected-wave data obtained by extracting a harmonic com-
ponent, whereas the second image data is image data gener-
ated from reflected-wave data of a fundamental wave com-
ponent.

14. The ultrasound diagnosis apparatus according to claim

1, wherein the image processing unit includes:

a decomposing unit that decomposes the first image data,
by performing a multi-resolution analysis thereon, into
low-range decomposed image data and high-range
decomposed image data;

a reducing unit that reduces an image size of the second
image data so as to be same as an image size of the
low-range decomposed image data decomposed by the
decomposing unit;

adiffusion filter unit that calculates, as feature amounts, an
edge direction and an edge size in the second image data,
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from at least such a part of the second image data
reduced by the reducing unit that overlaps with the low-
range decomposed image data, and that smooths such a
part of the low-range decomposed image data of the first
image data decomposed by the decomposing unit that
overlaps with the reduced second image data, on a basis
of the calculated feature amounts;

an adjusting unit that eliminates signals smaller than the
edge size calculated by the diffusion filter unit as noise,
from the high-range decomposed image data of the first
image data decomposed by the decomposing unit; and

areconstructing unit that generates new first image data by
synthesizing the high-range decomposed image data of
the first image data from which the noise has been elimi-
nated by the adjusting unit with the low-range decom-
posed image data of the first image data smoothed by the
diffusion filter unit.

15. The ultrasound diagnosis apparatus according to claim

2, wherein the image processing unit includes:

a decomposing unit that decomposes the first image data,
by performing a multi-resolution analysis thereon, into
low-range decomposed image data and high-range
decomposed image data;

a reducing unit that reduces an image size of the second
image data so as to be same as an image size of the
low-range decomposed image data decomposed by the
decomposing unit;

a diffusion filter unit that calculates, as feature amounts, an
edge direction and an edge size in the second image data,
from at least such a part of the second image data
reduced by the reducing unit that overlaps with the low-
range decomposed image data, and that smooths such a
part of the low-range decomposed image data of the first
image data decomposed by the decomposing unit that
overlaps with the reduced second image data, on a basis
of the calculated feature amounts;

an adjusting unit that eliminates signals smaller than the
edge size calculated by the diffusion filter unit as noise,
from the high-range decomposed image data of the first
image data decomposed by the decomposing unit; and

areconstructing unit that generates new first image data by
synthesizing the high-range decomposed image data of
the first image data from which the noise has been elimi-
nated by the adjusting unit with the low-range decom-
posed image data of the first image data smoothed by the
diffusion filter unit.

16. The ultrasound diagnosis apparatus according to claim

3, wherein the image processing unit includes:

a decomposing unit that decomposes the first image data,
by performing a multi-resolution analysis thereon, into
low-range decomposed image data and high-range
decomposed image data;

a reducing unit that reduces an image size of the second
image data so as to be same as an image size of the
low-range decomposed image data decomposed by the
decomposing unit;

a diffusion filter unit that calculates, as feature amounts, an
edge direction and an edge size in the second image data,
from at least such a part of the second image data
reduced by the reducing unit that overlaps with the low-
range decomposed image data, and that smooths such a
part of the low-range decomposed image data of the first
image data decomposed by the decomposing unit that
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overlaps with the reduced second image data, on a basis
of the calculated feature amounts;

an adjusting unit that eliminates signals smaller than the
edge size calculated by the diffusion filter unit as noise,
from the high-range decomposed image data of the first
image data decomposed by the decomposing unit; and

areconstructing unit that generates new first image data by
synthesizing the high-range decomposed image data of
the first image data from which the noise has been elimi-
nated by the adjusting unit with the low-range decom-
posed image data of the first image data smoothed by the
diffusion filter unit.

17. An image processing apparatus comprising:

a first image data generating unit that generates first image
data based on a first parameter, from a reception signal
obtained by transmitting an ultrasound wave to a sub-
ject;

a second image data generating unit that generates second
image data having an image taking region of which at
least a part overlaps with that of the first image data and
being based on a second parameter that is different from
the first parameter, from a reception signal obtained by
transmitting an ultrasound wave to the subject; and
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an image processing unit that calculates a feature amount
from at least such a part of the second image data that
overlaps with the first image data and corrects such a part
of the first image data that overlaps with the second
image data on a basis of the calculated feature amount.

18. An image processing method comprising:

generating first image data based on a first parameter, from
a reception signal obtained by transmitting an ultra-
sound wave to a subject;

generating second image data having an image taking
region of which at least a part overlaps with that of the
first image data and being based on a second parameter
thatis different from the first parameter, from a reception
signal obtained by transmitting an ultrasound wave to
the subject; and

calculating a feature amount from at least such a part of the
second image data that overlaps with the first image data
and correcting such a part of the first image data that
overlaps with the second image data on a basis of the
calculated feature amount.
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