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FIG. 4
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FIG. 8A FIG. 8B
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FIG. 10
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METHOD AND APPARATUS FOR
PROCESSING ULTRASOUND IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0068554 filed on Jul. 11, 2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] This disclosure relates to methods and apparatuses
for processing an ultrasound image by acquiring a plurality of
ultrasound images from three-dimensional ultrasound vol-
ume data and post-processing the acquired ultrasound images
to clarify the ultrasound image.

[0004] 2. Description of Related Art

[0005] Recently, diagnosis equipment using ultrasound
images have been widely used. Diagnostic ultrasound imag-
ing equipment forms and provides an image of an object to be
diagnosed, e.g., an organ, by radiating ultrasonic waves onto
the object to be diagnosed and detecting and processing ultra-
sonic waves reflected from the object to be diagnosed. The
diagnostic ultrasound imaging equipment allows real time
medical treatment and does not harm human bodies. How-
ever, the diagnostic ultrasound imaging equipment provides a
lower image quality than other medical diagnosis equipment
because ofa low degree of definition due to noise, particularly
speckle noise. The speckle noise is noise caused by an inter-
ference phenomenon among ultrasonic wavelengths, and
appears as a spot in an ultrasound image. The image quality of
ultrasound images is degraded by the speckle noise, and accu-
racy in perceiving an important part such as a boundary
between an object to be diagnosed and a background is low-
ered.

[0006] Previously, research has been conducted on meth-
ods of removing noise from an ultrasound image by applying
an arbitrary threshold value to a single two-dimensional ultra-
sound image to enhance an image quality of the ultrasound
image that has been degraded by the noise.

SUMMARY

[0007] In one general aspect, a method of processing an
ultrasound image includes generating a plurality of two-di-
mensional (2D) ultrasound images from three-dimensional
(3D) ultrasound volume data of an object to be diagnosed,
generating a plurality of tissue edge images of an edge of at
least one tissue component in the object to be diagnosed based
on values of a plurality of pixels forming each of the 2D
ultrasound images generated from the 3D ultrasound volume
data; and generating a 2D ultrasound image from which a
noise component has been removed by discriminating the
edge of the at least one tissue component from a position of
the noise component based on a difference between a simi-
larity of the edge of the at least one tissue component in the
tissue edge images and a similarity of the noise component in
the tissue edge images.

[0008] The generating of the 2D ultrasound image from
which the noise component has been removed may include
identifying the edge of the at least one tissue component
based on the difference between the similarity of the edge of
the at least one tissue component in the tissue edge images
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and the similarity of the noise component in the tissue edge
images; generating, from the tissue edge images, an aggre-
gated tissue edge image from which the noise component has
been removed; and removing the noise component from one
of the 2D ultrasound images generated from the 3D ultra-
sound volume data based on the aggregated tissue edge
image.

[0009] The plurality of 2D ultrasound images may include
a reference ultrasound image from which the noise compo-
nent is to be removed, and a first ultrasound image and a
second ultrasound image adjacent to the reference ultrasound
image; and the plurality of tissue edge images may include a
reference tissue edge image corresponding to the reference
ultrasound image, and a first tissue edge image and a second
tissue edge image adjacent to the reference tissue edge image.

[0010] The generating of the aggregated tissue edge image
may include dividing the tissue edge images into blocks each
having a predetermined size; matching blocks in the reference
tissue edge image with corresponding blocks in the first tissue
edge image, and with corresponding blocks in the second
tissue edge image; discriminating blocks of the reference
tissue edge image including the edge of the at least one tissue
component from blocks of the reference tissue edge image
not including the edge of the at least one tissue component
based on the difference between the similarity of the edge of
the at least one tissue component and the similarity of the
noise component in the matching blocks; removing the noise
component from the blocks of the reference tissue edge image
not including the edge of the at least one tissue component;
and aggregating the blocks of the reference tissue edge image
including the edge of the at least one tissue component and the
blocks of the reference tissue edge image from which the
noise component has been removed to generate the aggre-
gated tissue edge image.

[0011] The matching of the blocks may include determin-
ing that a block in the reference tissue edge image matches a
corresponding block in the first tissue edge image or the
second tissue edge image if a normalized cross-correlation
(NCC) indicating a similarity between the two blocks is
greater than a threshold indicating that the two blocks match
each other.

[0012] The discriminating of the blocks may include deter-
mining that a block in the reference tissue edge image
includes the edge of the at least one tissue component if a
normalized cross-correlation (NCC) indicating a similarity
between the block in the reference tissue edge image and a
corresponding block in the first tissue edge image or the
second tissue edge image is greater than a threshold indicat-
ing that the two blocks include the edge of the at least one
tissue component.

[0013] The removing of the noise component may include
performing a wavelet transformation on the reference ultra-
sound image to obtain wavelet coefficients respectively cor-
responding to the pixels of the reference ultrasound image;
removing the noise component from the reference ultrasound
image by the shrinking the wavelet coefficients respectively
corresponding to pixels of the reference ultrasound image
that correspond to pixels of the aggregated tissue edge image
from which the noise component has been removed based on
information about the pixels of the aggregated tissue edge
image from which the noise component has been removed,
and performing an inverse wavelet transformation on the
wavelet coefficients respectively corresponding to the pixels
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of the reference ultrasound image including the shrunk wave-
let coefficients to restore the reference ultrasound image with-
out the noise component.

[0014] The wavelet transformation may divide the refer-
ence ultrasound image into a plurality of band images in
different frequency bands, and may be repeatedly performed
with respect to aband imageina low frequency band to divide
the reference ultrasound image into a plurality of band images
having a plurality of resolution levels; and the inverse wavelet
transformation may be performed a same number of times as
the wavelet transformation has been repeatedly performed.
[0015] The shrinking of the wavelet coefficients may
include multiplying each of the wavelet coefficients by a
respective edge weight in a range from about 0 to about 1 that
is generated based on the aggregated tissue edge image.
[0016] The shrinking of the wavelet coefficients may fur-
ther include multiplying each of the wavelet coefficients mul-
tiplied by the respective edge weight by a shrinkage gain
function value in a range from about 0 to about 1 that is
generated based on the band images generated by the wavelet
transformation.

[0017] The removing of the noise component may further
include performing an edge enhancement to sharpen an out-
line of the edge of the at least one tissue component in the
reference ultrasound image based on information about pix-
els of the aggregated tissue edge image corresponding to the
edge of the at least one tissue component.

[0018] The performing of the edge enhancement may
include applying an edge enhancement filter to the pixels of
the reference ultrasound image, where a weight of the edge
enhancement filter applied to pixels of the reference ultra-
sound image corresponding to the edge of the at least one
tissue component is different from a weight of the edge
enhancement filter applied to pixels of the reference ultra-
sound image not corresponding to the edge of the at least one
tissue component.

[0019] The plurality of 2D ultrasound images may b adja-
cent to each other in 2D ultrasound images extractable from
the 3D ultrasound volume data.

[0020] The noise component may include speckle noise
generated by an interference phenomenon occurring between
ultrasonic wavelengths.

[0021] Thegenerating of the plurality of tissue edge images
may include generating gradient images in vertical and hori-
zontal directions for each pixel in each of the plurality of 2D
ultrasound images; generating a structure matrix for each
pixel in each of the plurality of 2D ultrasound images based
on the gradient images in the vertical and horizontal direc-
tions; calculating eigenvectors having maximum and mini-
mum variations and eigenvalues corresponding to the eigen-
vectors from the structure matrix; and detecting the edge of
the at least one tissue component based on a difference
between the eigenvalues.

[0022] The detecting of the edge of the at least one tissue
component may include detecting the edge of the at least one
tissue component when the difference between the eigenval-
ues is greater than a predetermined value.

[0023] In another general aspect, a non-transitory com-
puter-readable storage medium stores a program for control-
ling a computer to perform the method of claim 1.

[0024] In another general aspect, an apparatus for process-
ing an ultrasound image includes an input unit configured to
receive three-dimensional (3D) ultrasound volume data of an
object to be diagnosed; an image processor configured to
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generate a plurality of two-dimensional (2D) ultrasound
images from the 3D ultrasound volume data, generate a plu-
rality of tissue edge images of an edge of at least one tissue
component in the object to be diagnosed based on values of a
plurality of pixels forming each of the 2D ultrasound images
generated from the 3D ultrasound volume data, and generate
a 2D ultrasound image from which a noise component has
been removed by discriminating the edge of the at least one
tissue component from a position of the noise component
based on a difference between a similarity of the edge of the
at least one tissue component in the tissue edge images and a
similarity of the noise component in the tissue edge images;
and an output unit configured to output the 2D ultrasound
image from which the noise component has been removed.
[0025] The image processor may include a 2D image gen-
erator configured to generate the plurality of 2D ultrasound
images from the 3D ultrasound volume data; a tissue edge
image generator configured to generate the plurality of tissue
edge images of the edge of the at least one tissue component
in the object to be diagnosed based on the values of the
plurality of pixels forming each of the 2D ultrasound images
generated from the 3D ultrasound volume data; an aggregated
tissue edge image generator configured to identify the edge of
the at least one tissue component based on the difference
between the similarity of the edge of the at least one tissue
component in the tissue edge images and the similarity of the
noise component in the tissue edge images and generate, from
the tissue edge images, an aggregated tissue edge image from
which the noise component has been removed; and an image
manipulator configured to remove the noise component from
one of the 2D ultrasound images generated from the 3D
ultrasound volume data based on the aggregated tissue edge
image.

[0026] The apparatus may further include a storage unit
configured to store all kinds of images generated by the image
processor.

[0027] Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a schematic block diagram illustrating an
example of an ultrasound diagnosis system;

[0029] FIG. 2isablock diagram illustrating an example of
an ultrasound image processing apparatus of FIG. 1;

[0030] FIG. 3 is a schematic flowchart illustrating an
example of an ultrasound image processing method;

[0031] FIG. 4 is a flowchart illustrating an example of a
process of generating a single-slice-based tissue edge image
corresponding to a single two-dimensional (2D) ultrasound
image from the single 2D ultrasound image;

[0032] FIGS. 5A and 5B are images illustrating examples
of an edge of a tissue component and a non-edge area deter-
mined using a structure matrix;

[0033] FIG. 6 illustrates an example of an acquired single-
slice-based tissue edge image;

[0034] FIG. 7 is a flowchart illustrating an example of a
process of generating a multi-slice-based aggregated tissue
edge image from a plurality of single-slice-based tissue edge
images;

[0035] FIGS. 8A and 8B are images illustrating examples
of blocks including an edge of a tissue component that match
with each other in a block matching process for generating an
aggregated tissue edge image;
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[0036] FIGS. 9A and 9B are images illustrating examples
of blocks not including an edge of a tissue component that
match with each other in the block matching process for
generating an aggregated tissue edge image;

[0037] FIG. 10 illustrates an example of an acquired multi-
slice-based aggregated tissue edge image;

[0038] FIG. 11 is a flowchart illustrating an example of a
process of acquiring an ultrasound image having an image
quality that has been enhanced using an aggregated tissue
edge image;

[0039] FIG. 12 is a graph illustrating an example of a
shrinkage gain function for removing noise;

[0040] FIG. 13 illustrates an example of a spatial filter used
for an edge enhancement process;

[0041] FIG. 14 is a graph illustrating an example of an edge
weight function used for a wavelet coeflicient shrinkage pro-
cess;

[0042] FIG. 15 illustrates an example of an original ultra-
sound image before a noise removing process;

[0043] FIG. 16 illustrates an example of a resulting ultra-
sound image after the noise removing process has been per-
formed by using an aggregated tissue edge image; and
[0044] FIG. 17 illustrates an example of a resulting ultra-
sound image after the noise removing process and the edge
enhancement process have been performed by using an
aggregated tissue edge image.

DETAILED DESCRIPTION

[0045] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents of
the systems, apparatuses and/or methods described herein
will be apparent to one of ordinary skill in the art. Also,
descriptions of functions and constructions that are well
known to one of ordinary skill in the art may be omitted for
increased clarity and conciseness.

[0046] Throughout the drawings and the detailed descrip-
tion, the same reference numerals refer to the same elements.
The drawings may not be to scale, and the relative size,
proportions, and depiction of elements in the drawings may
be exaggerated for clarity, illustration, and convenience.
[0047] FIG. 1 is a schematic block diagram of an example
of an ultrasound diagnosis system. Referring to FIG. 1, the
ultrasound diagnosis system includes a three-dimensional
(3D) ultrasound volume data detecting apparatus 110, an
ultrasound image processing apparatus 120, and an image
display apparatus 130.

[0048] The 3D ultrasound volume data detecting apparatus
110 includes a probe 112. The probe 112 radiates an ultra-
sound wave as a source signal to a predetermined part of a
human body, i.e., an object to be diagnosed, receives ultra-
sound waves reflected from the object to be diagnosed, and
transmits a response signal to the 3D ultrasound volume data
detecting apparatus 110. In general, a probe in an ultrasound
diagnosis apparatus includes a piezoelectric transducer radi-
ating an ultrasound wave in a range from about 2 MHz to
about 18 MHz to an object to be diagnosed. The ultrasound
wave is reflected back to the probe from various tissues in the
object to be diagnosed, and the reflected ultrasound waves
vibrate the piezoelectric transducer to generate a response
signal of electric pulses. The 3D ultrasound volume data
detecting apparatus 110 generates 3D ultrasound volume data
by using the response signal received from the probe 112.
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[0049] Examples of generating 3D ultrasound volume data
in the 3D ultrasound volume data detecting apparatus 110 are
as follows. The 3D ultrasound volume data detecting appara-
tus 110 may generate 3D ultrasound volume data for three-
dimensionally showing an object to be diagnosed by detect-
ing a plurality of pieces of cross-sectional ultrasound data
while changing a position and direction of the probe 112 and
accumulating the plurality of pieces of cross-sectional ultra-
sound data. Alternatively, the 3D ultrasound volume data
detecting apparatus 110 may generate 3D ultrasound volume
data by detecting a plurality of pieces of cross-sectional ultra-
sound data by using a plurality of probes 112 and accumulat-
ing the plurality of pieces of cross-sectional ultrasound data.
The generated 3D ultrasound volume data is transmitted to
the ultrasound image processing apparatus 120.

[0050] The ultrasound image processing apparatus 120
generates a two-dimensional (2D) ultrasound image from the
3D ultrasound volume data received from the 3D ultrasound
volume data detecting apparatus 110. Although the ultra-
sound image processing apparatus 120 may generate a 3D
ultrasound image by using the 3D ultrasound volume data, in
this example, the ultrasound image processing apparatus 120
generates a 2D ultrasound image because visibility of tissues
in the object to be diagnosed decreases due to overlap of
images, medical experts are familiar with dealing with 2D
images, and the image display apparatus 130 generally dis-
plays 2D images.

[0051] A large number of 2D images may be generated
from 3D volume data. Cross-sections in various directions
crossing 3D ultrasound volume data may be considered,
wherein a 2D ultrasound image may be generated by ultra-
sound data corresponding to each cross-section. By crossing
a3D volume at a predetermined spacing in the same direction,
a plurality of 2D images parallel to each other may be gener-
ated. The generated 2D ultrasound image is transmitted to the
image display apparatus 130, and the image display apparatus
130 displays the generated 2D ultrasound image.

[0052] FIG. 2 is a block diagram illustrating an example of
the ultrasound image processing apparatus 120 of FIG. 1.
Referring to FIG. 2, the ultrasound image processing appa-
ratus 120 includes an input unit 201, an image processor 203,
anoutput unit 215, a storage unit 217, and a user interface (UT)
219.

[0053] The input unit 201 receives 3D ultrasound volume
data of an object to be diagnosed from the 3D ultrasound
volume data detecting apparatus 110 and transmits the 3D
ultrasound volume data to the image processor 203. The
output unit 215 receives a 2D ultrasound image from the
image processor 203 and transmits the 2D ultrasound image
to the image display apparatus 130. That is, the input unit 201
and the output unit 215 are interfaces for connecting the
image processor 203 of the ultrasound image processing
apparatus 120 to the 3D ultrasound volume data detecting
apparatus 110 and the image display apparatus 130 outside
the ultrasound image processing apparatus 120. The UI1 219 is
an interface for a user such as a medical expert to input a
command, and may be implemented in various ways, such as
by using a keyboard, a mouse, a touch panel, and any other
user input device known to one of ordinary skill in the art.
[0054] Theimage processor 203 generates a plurality of 2D
ultrasound images crossing a 3D volume after receiving the
3D ultrasound volume data from the input unit 201, and
generates a 2D ultrasound image having an enhanced image
quality by performing image processing, such as removing
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noise from each of the generated 2D ultrasound images. In the
example in FIG. 2, the image processor 203 includes a 2D
image generator 205, a tissue edge image generator 207, and
an image quality enhancement processor 209, and the image
quality enhancement processor 209 includes an aggregated
tissue edge image generator 211 and an image manipulator
213.

[0055] The 2D image generator 205 generates a plurality of
2D ultrasound images by using the 3D ultrasound volume
data. The 2D image generator 205 generates a 2D ultrasound
image by extracting ultrasound data corresponding to a cross
section crossing a 3D ultrasound volume. The 2D image
generator 205 may generate a large number of 2D ultrasound
images according to a crossing direction, including 2D ultra-
soundimages parallel to each other. For example, considering
rectangular coordinates consisting of X, Y, and 7 axes, 2D
X-Y plane images perpendicular to the Z axis may be gener-
ated while changing only a Z value by a predetermined spac-
ing. The 2D ultrasound images may be considered to be a
reference ultrasound image and a plurality of neighboring
ultrasound images. The reference ultrasound image may be
an ultrasound image corresponding to an intermediate posi-
tion among the 2D ultrasound images.

[0056] Forexample, in anexample in which there are a total
of three ultrasound images, i.e., (N=1)th, Nth, and (N+1)th
ultrasound images, the Nth ultrasound image may be the
reference ultrasound image. If N=2, there are first to third
ultrasound images, and the second ultrasound image corre-
sponding to an intermediate position is the reference ultra-
sound image. The reference ultrasound image is used as an
ultrasound image to finally enhance image quality. Hereinaf-
ter, for convenience of description, an example in which a
total of three ultrasound images, i.e., (N-1)th, Nth, and (N+1)
th ultrasound images, are generated and the Nth ultrasound
image is the reference ultrasound image will be described. Of
course, although three ultrasound images are generated in the
following example, this is only an example, and more than
three ultrasound images may be generated. When more than
three 2D ultrasound images are generated, some of the 2D
ultrasound images may be selected and used in the following
example. Alternatively, some of a plurality of 2D ultrasound
images may be sequentially used in the following example
while changing a reference ultrasound image. For example,
when a total of five ultrasound images, i.e., 1st, 2nd, 3rd, 4th,
Sth ultrasound images, are used, three sets of ultrasound
images, i.e., (1,2,3), (2,3,4), (3,4,5), may be sequentially
acquired and 2nd, 3rd, 4th ultrasound images may be the
reference ultrasound image in each of sets.

[0057] The tissue edge image generator 207 receives the
plurality of 2D ultrasound images from the 2D image genera-
tor 205 and generates tissue edge images respectively corre-
sponding to the 2D ultrasound images from the 2D ultrasound
images. A tissue edge image is an image of a boundary
between a tissue component of an object to be diagnosed with
an ultrasound wave, i.e., an organ inside a human body, and
other parts. This boundary is an edge of the tissue component,
or a tissue edge. Since a tissue edge in an ultrasound image
contains medically significant information, information
regarding the tissue edge in the ultrasound image is preserved.
The tissue edge image generator 207 generates a tissue edge
image by identifying whether a position of each pixel in an
ultrasound image corresponds to an edge of the tissue com-
ponent based on pixel value information of a plurality of
pixels forming the 2D ultrasound image. By doing this, the
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tissue edge image generator 207 generates the plurality of
tissue edge images respectively corresponding to the 2D
ultrasound images. A tissue edge image corresponding to the
reference ultrasound image, i.e., the second ultrasound image
of the three ultrasound images in this example, is a reference
tissue edge image. The tissue edge image generator 207 trans-
mits the plurality of generated tissue edge images to the
aggregated tissue edge image generator 211.

[0058] The aggregated tissue edge image generator 211
receives the plurality of tissue edge images from the tissue
edge image generator 207 and generates an aggregated tissue
edge image from the plurality of tissue edge images. The
aggregated tissue edge image is an image obtained by remov-
ing noise from the reference tissue edge image corresponding
to the reference ultrasound image by discriminating the edge
of the tissue component from a position of noise by compar-
ing the reference tissue edge image with the neighboring
tissue edge images. The aggregated tissue edge image is used
as a reference image to perceive the edge of the tissue com-
ponent by comparing the reference tissue edge image with the
neighboring tissue edge images and to correctly perceive the
edge of the tissue component in an ultrasound image by
removing noise that makes perceiving the edge of the tissue
component difficult. The perceiving of the edge of the tissue
component by using the tissue edge images is achieved based
on physical characteristics of the edge of the tissue compo-
nent and noise. In greater detail, the fact that a similarity of the
edge of the tissue component existing throughout the neigh-
boring tissue edge images differs from a similarity of noise
components is used. The aggregated tissue edge image gen-
erator 211 transmits the generated aggregated tissue edge
image to the image manipulator 213.

[0059] Theimage manipulator 213 receives the aggregated
tissue edge image from the aggregated tissue edge image
generator 211 and generates an image-quality-enhanced 2D
ultrasound image by removing noise from a 2D ultrasound
image by using the aggregated tissue edge image. The 2D
ultrasound image from which noise is removed is the refer-
ence ultrasound image because the aggregated tissue edge
image is generated by comparing the reference tissue edge
image with the neighboring tissue edge images, wherein the
reference tissue edge image is a tissue edge image corre-
sponding to the reference ultrasound image. The aggregated
tissue edge image is used to perceive a position of a part
corresponding to the edge of the tissue component in a 2D
ultrasound image and perform predetermined processing on
the edge of the tissue component and noise. The image
manipulator 213 may also sharpen an outline of a part corre-
sponding to the edge of the tissue component by using an edge
enhancement process to produce a high-definition ultrasound
image whose image quality has been finally enhanced. The
2D ultrasound image from which noise has been removed
using the aggregated tissue edge image is transmitted to the
output unit 215.

[0060] The storage unit 217 stores all of the different kinds
of images generated in the image processor 203. That is, the
storage unit 217 stores the 2D ultrasound images generated
by the 2D image generator 205, the tissue edge images gen-
erated by the tissue edge image generator 207, the aggregated
tissue edge image generated by the aggregated tissue edge
image generator 211, and the image-quality-enhanced 2D
ultrasound image generated by the image manipulator 213.
The storage unit 217 transmits the stored images to the output
unit 215 according to a request of a user.
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[0061] FIG. 3 is a schematic flowchart illustrating an
example of an ultrasound image processing method.
Although omitted below, the above description of the ultra-
sound image processing apparatus 120 shown in FIG. 2 also
applies to the ultrasound image processing method shown in
FIG. 3.

[0062] Referring to FIG. 3, in operation 301, the 2D image
generator 205 generates a plurality of 2D ultrasound images
from 3D ultrasound volume data. The plurality of 2D ultra-
sound images used in this example may be obtained by
extracting a plurality of 2D ultrasound images crossing a 3D
volume from the 3D ultrasound volume data, the plurality of
2D ultrasound images being parallel to each other and having
a predetermined spacing therebetween. The predetermined
spacing may be changed to a proper value according to each
case, 1.e., by considering a time taken for ultrasound image
processing and an image quality of an ultrasound image. The
smaller the predetermined spacing is, the less an image
change between neighboring 2D ultrasound images will be.
At least two or more of the plurality of 2D ultrasound images
may be selected and used.

[0063] In operation 303, the tissue edge image generator
207 generates a plurality of tissue edge images respectively
corresponding to the plurality of 2D ultrasound images. Each
2D ultrasound image is formed by a plurality of pixels, and an
edge of a tissue component in the 2D ultrasound image is
detected by using each pixel value. When three ultrasound
images are used, three corresponding tissue edge images are
generated.

[0064] In operation 305, the aggregated tissue edge image
generator 211 generates an aggregated tissue edge image
from the plurality of tissue edge images. As described above,
the aggregated tissue edge image is an image obtained by
removing noise from a reference tissue edge image corre-
sponding to a reference ultrasound image by discriminating
the edge of the tissue component from a position of noise by
comparing the reference tissue edge image with neighboring
tissue edge images. The removing of the noise may be
achieved by identifying a noise component based on physical
characteristics of the edge of the tissue component and the
noise and performing a noise removing process, such as fil-
tering, for only a part determined to be the noise component
to leave only the edge of the tissue component. The aggre-
gated tissue edge image is used to enhance image quality of a
2D ultrasound image.

[0065] In operation 307, the image manipulator 213
acquires an image-quality-enhanced 2D ultrasound image by
using the aggregated tissue edge image. A boundary between
tissues may be correctly identified by using the aggregated
tissue edge image, and the noise removing process is per-
formed for noise except for the edge of the tissue component
in the reference ultrasound image based on the boundary
between tissues. In addition, by sharpening an outline of a
part corresponding to the edge of the tissue component by
using an edge enhancement process, a high-definition ultra-
sound image whose image quality has been finally enhanced
may be acquired.

[0066] Theoperations described above will be described in
greater detail below.

[0067] FIG. 4 is a flowchart illustrating an example of a
process of generating a single-slice-based tissue edge image
corresponding to a single 2D ultrasound image from the
single 2D ultrasound image. The term “single-slice-based”
indicates that a plurality of tissue edge images respectively
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corresponding to a plurality of 2D ultrasound images are
generated from individual ones of the plurality of 2D ultra-
sound images. That is, each tissue edge image is generated
based only on a corresponding 2D ultrasound image. To gen-
erate a tissue edge image corresponding to each of the plu-
rality of 2D ultrasound images acquired by data-processing
3D volume data, the following tissue edge image acquiring
process is performed. FIG. 4 is a detailed flowchart corre-
sponding to operation 303 of FI1G. 3.

[0068] ReferringtoFIG. 4, in operation 401, the tissue edge
image generator 207 acquires one of a plurality of 2D ultra-
sound images. An order of selecting and acquiring the one of
the plurality of 2D ultrasound images is not significant. Since
the process of FIG. 4 may be performed sequentially begin-
ning with an arbitrary ultrasound image or simultaneously for
all ultrasound images with respect to the plurality of 2D
ultrasound images, operation 401 may also be performed
sequentially beginning with an arbitrary ultrasound image or
simultaneously for all ultrasound images with respect to the
plurality of 2D ultrasound images. For example, when a total
of three ultrasound images, i.e., (N=1)th, Nth, and (N+1)th
ultrasound images, are used, ultrasound images may be
sequentially acquired by sequentially selecting the (N-1)th
ultrasound image, the Nth ultrasound image, and the (N+1)th
ultrasound image, or the following process may be simulta-
neously performed by simultaneously selecting all of the
(N-D)th, Nth, and (N+1)th ultrasound images.

[0069] In operation 403, the tissue edge image generator
207 removes an initial noise component from each ultrasound
image. A Gaussian low-pass filter (LPF) or any other type of
LPF known to one of ordinary skill in the art may be used to
remove the initial noise component.

[0070] In operation 405, the tissue edge image generator
207 generates vertical and horizontal gradient images with
respect to each pixel in the ultrasound image. That is, for a
pixel value at a position (x,y) in the ultrasound image on
coordinates consisting of the X axis and the'Y axis, degrees of
variation of the pixel value in the vertical and horizontal
directions are obtained. Vertical and horizontal gradients of a
pixel value I may be obtained using the following Equation 1:
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[0071] InEquationl,I denotesahorizontal gradient value,
and T, denotes a vertical gradient value.

[0072] In operation 407, the tissue edge image generator
207 generates a structure matrix by using the vertical and
horizontal gradient values I, and [, of the pixel value I thatare
obtained in operation 405. The structure matrix may be gen-
erated using the following Equation 2:

2oLl } @)

Structure Matrix =
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[0073] To minimize the influence of speckle noise, the
structure matrix of Equation 2 may be converted to a structure
matrix of Equation 3 by applying a Gaussian convolution
kernel.
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[0074] In Equation 3, * denotes a convolution operation,

and K denotes a Gaussian convolution kernel (p denotes a
variance of Gaussian convolution kernel) represented by the
following Equation 4:
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[0075] In operation 409, eigenvalue decomposition is per-
formed on the structure matrix of Equation 3. A result of the
eigenvalue decomposition is expressed by the following
Equation 5:
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[0076] In Equation 5, w, and w, denote eigenvectors, and
w, and u, denote eigenvalues. The eigenvector w, is a vector
indicating a direction in which a gradient varies most quickly,
and indicates a direction perpendicular to a predetermined
structure. The eigenvector w, is a vector indicating a direction
perpendicular to the eigenvector w . That is, the eigenvectors
w, and w, denote eigenvectors in directions having the maxi-
mum and minimum variations, respectively. The eigenvalues
W, and p, are scalar values indicating the magnitudes, i.e.,
gradients, of the eigenvectors w, and w,, respectively. In
other words, the eigenvalues |, and |, denote gradients in the
directions having the maximum and minimum variations,
respectively.

[0077] In operation 411, the tissue edge image generator
207 selects eigenvectors in directions having the maximum
and minimum variations.

[0078] In operation 413, the tissue edge image generator
207 obtains eigenvalues of the selected eigenvectors and cal-
culates a difference between the eigenvalues. The difference
between the eigenvalues is a significant reference value for
detecting an edge of a tissue component and a noise or homo-
geneous area because an eigenvalue difference between an
eigenvector following an edge of the tissue component and an
eigenvector perpendicular thereto is large in the edge of the
tissue component, while an eigenvalue difference between
perpendicular eigenvectors is small in the noise or homoge-
neous area due to there being no edge information of the
tissue component.

[0079] In other words, a large difference between two
eigenvalues indicates a large gradient in one direction, and
thus itis determined that a corresponding pixel corresponds to
an edge of a tissue component in an object to be diagnosed.
On the contrary, a small difference between two eigenvalues
indicates no directivity in any direction, because noise has
large gradient values in both directions and a homogeneous
area (irrelevant to an edge of a tissue component) has small
gradient values in both directions, and therefore a difference
between the two gradient values, i.e., an eigenvalue differ-
ence, is small, and thus it is determined that a corresponding
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pixel does not correspond to the edge of the tissue component
in the object to be diagnosed. Whether each pixel corresponds
to the edge of the tissue component in the object to be diag-
nosed is determined by defining a predetermined value and
comparing a difference between two eigenvalues with the
predetermined value.

[0080] In operation 415, if the difference between the
eigenvalues is greater than the predetermined value, the tissue
edge image generator 207 proceeds to operation 417. Other-
wise, if the difference between the eigenvalues is equal to or
less than the predetermined value, the tissue edge image
generator 207 proceeds to operation 419.

[0081] In operation 417, the tissue edge image generator
207 determines that a corresponding pixel corresponds to an
edge of a tissue component because the difference between
the eigenvalues is greater than the predetermined value, and a
large variation of a pixel value in a predetermined direction
may be considered to indicate an edge of a tissue component
in an object to be diagnosed.

[0082] In operation 419, the tissue edge image generator
207 determines that a corresponding pixel does not corre-
spond to an edge of a tissue component in an object to be
diagnosed because the difference between the eigenvalues is
equal to or less than the predetermined and a small eigenvalue
difference indicates large or small gradients in both direc-
tions, indicating noise or a homogeneous area instead of an
edge of a tissue component.

[0083] In operation 421, the tissue edge image generator
207 determines whether the determination of whether a pixel
corresponds to an edge of the tissue component has been
performed for all pixels in the ultrasound image. If it has, the
tissue edge image generator 207 ends the process. Otherwise,
if it has not, the tissue edge image generator 207 proceeds to
operation 407 to repeat the operations 407 to 419 for the
remaining pixels. Alternatively, operations 407 to 419 may be
simultaneously performed for all pixels.

[0084] FIGS. 5A and 5B are images illustrating examples
of an edge of a tissue component and a non-edge area deter-
mined using a structure matrix. FIG. 5A shows an edge of a
tissue component that is represented by two arrows having
different lengths perpendicular to each other to indicate that
an eigenvalue difference between an eigenvector perpendicu-
lar to the edge of the tissue component and an eigenvector
parallel to the edge of the tissue component is large inthe edge
of the tissue component. On the contrary, FIG. 5B shows a
non-edge area that is represented by two arrows having
almost the same length perpendicular to each other to indicate
that eigenvalues of two eigenvectors perpendicular to each
other are almost the same in the non-edge area because there
is no information regarding an edge of the tissue component,
resulting in a small eigenvalue difference.

[0085] FIG. 6 illustrates an example of an acquired single-
slice-based tissue edge image. Referring to FIG. 6, a part
determined as an edge of a tissue component has a bright
color, and a dark area, i.e., a non-edge area, corresponds to a
homogeneous area in which there is no object to be diag-
nosed. In the dark area, speckle patterns having a bright color
appear. These speckle patterns are noise. Image quality is
degraded by the speckle noise, causing the edge of the tissue
component to be incorrectly identified. As described above,
because the single-slice-based tissue edge image includes a
lot of noise, it is difficult to correctly identify the edge of the
tissue component, and thus a new tissue edge image in which
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noise has been reduced is necessary. A process of generating
anew tissue edge image in which noise has been reduced will
be described below.

[0086] FIG. 7 is a flowchart illustrating an example of a
process of generating a multi-slice-based aggregated tissue
edge image from a plurality of single-slice-based tissue edge
images. FIG. 7 is a detailed flowchart corresponding to opera-
tion 305 of FIG. 3.

[0087] Referringto FIG. 7, in operation 701, the aggregated
tissue edge image generator 211 acquires a plurality of tissue
edge images. As described above, a plurality of tissue edge
images respectively corresponding to a plurality of ultra-
sound images may be acquired. A tissue edge image corre-
sponding to a reference ultrasound image is called a reference
tissue edge image. When a total of three ultrasound images,
i.e., (N=1)th, Nth, and (N+1)th ultrasound images, are used, a
total of three tissue edge images, i.e., (N-1)th, Nth, and
(N+Dth tissue edge images, respectively corresponding to
the (N-1)th, Nth, and (N+1)th ultrasound images are
acquired, wherein the Nth tissue edge image is the reference
tissue edge image. This premise will be applied in the follow-
ing description. Since the plurality of tissue edge images are
generated from neighboring ultrasound images, the plurality
of tissue edge images are also adjacent to each other.

[0088] In operation 703, the aggregated tissue edge image
generator 211 divides each of the adjacent tissue edge images
into block images having a predetermined size and detects
blocks matching with each other by block matching. Each of
the tissue edge images may be divided into a plurality of
blocks having the same size. In this case, similar blocks may
be matched with each other by determining a similarity
between blocks. In greater detail, similar blocks matching
with each other are detected by determining a similarity
between corresponding blocks having a predetermined size in
the (N-1)th tissue edge image and the Nth reference tissue
edge image. Thereafter, similar blocks matching with each
other are detected by determining a similarity between cor-
responding blocks having the predetermined size in the Nth
reference tissue edge image and the (N+1)th tissue edge
image. Since the size of the blocks is the same in every tissue
edge image, and is small, the determination of the similarity
may be correctly performed. A block in the Nth reference
tissue edge image is called a reference block.

[0089] To detect similar blocks by block matching, normal-
ized cross-correlation (NCC) may be used. If an NCC value is
large, a similarity between two images is also large. If the
NCC is greater than a first threshold that is a criterion for
determining whether two blocks match with each other, the
two blocks are determined to match with each other. The NCC
may be obtained using the following Equation 6:
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[0090] In Equation 6, n denotes the number of pixels in a

block, (x,y) denotes coordinates of a pixel in the block, f(x,y)

denotes a pixel value of a reference block, f denotes a mean
pixel value of the reference block, t(x,y) denotes a pixel value

of a target block, t denotes a mean pixel value of the target
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block, o, denotes a standard deviation of pixel values of the
reference block, and o, denotes a standard deviation of pixel
values of the target block.

[0091] The physical meaning of the NCC is as follows.
When all pixels in a single image are arranged in a row, a
single vector may be obtained. It is assumed that F(x,y) and
T(x,y) are image vectors generated by the following Equation
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[0092] Inthiscase, because an inner product {F,T) of F and
Tis IF|[Tlcos 8, a cosine value obtained from the two vectors
may be calculated by the following Equation 8, and the NCC
of Equation 6 is equal to Equation 8.
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[0093] InEquations8,||||is the L? norm. That s, the physical

meaning of the NCC s a cosine value of an angle between two
vectors corresponding to two images.

[0094] In operation 705, the aggregated tissue edge image
generator 211 performs three-dimensional block decomposi-
tion with respect to the blocks matching with each other. That
is, blocks including an edge of'a tissue component and blocks
notincluding an edge of a tissue component are discriminated
from each other and detected from among adjacent blocks
matching with each other based on an image variation
between adjacent blocks about the reference block in the
reference tissue edge image. In general, the edge of the tissue
component continuously appears on adjacent images, and
accordingly, parts corresponding to the edge of the tissue
component in the adjacent images will be almost the same.
Thus, the adjacent blocks including the edge of the tissue
component are very similar. On the contrary, because a noise
component appears at different positions even on adjacent
images, most parts corresponding to the noise component in
the adjacent images do not continuously appear. Thus, ablock
including only a noise component without an edge of a tissue
component is different from a matching block in a next adja-
cent image. In other words, similarity between blocks includ-
ing an edge of a tissue component is high, while similarity
between blocks not including an edge of a tissue component
is low.

[0095] Forexample, when the Nth reference block includes
an edge of a tissue component that has a bright color, the
possibility that the edge of the tissue component that has a
bright color continuously exists at a position in a next adja-
cent block that corresponds to a position of the edge of the
tissue component in the Nth reference block is high. That is,
the edge of the tissue component is continuously represented
without suddenly disappearing in a next image and has only a
minute difference, so parts corresponding to the edge of the
tissue component in adjacent images have a high similarity.
On the contrary, when the Nth reference block includes
speckle noise without an edge of a tissue component, the
possibility that noise does not exist at a position in an adjacent
image that corresponds to a predetermined noise position in
the Nth reference block is high, and noise appears at different
positions, so there is no continuity. Thus, block images
including noise without an edge of a tissue component have
different image information even though they are adjacent
images. That is, a part shown as a bright speckle (noise) ina
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reference block may be shown as dark at a corresponding
position in a next adjacent block, or a part shown as dark in the
reference block may be shown as a bright speckle at a corre-
sponding position in the next adjacent block.

[0096] In this case, the NCC that has been used for match-
ing between blocks may be used to discriminate a block
including an edge of a tissue component from a block not
including an edge of a tissue component. Whether a block
includes an edge of a tissue component may be determined by
using a second threshold that is different from the first thresh-
old for matching between blocks. For example, if it is
assumed that the first threshold for the block matching is 0.7
and the second threshold for determining whether a block
includes an edge of a tissue component is 0.9, when an NCC
between a reference block and an adjacent block is less than
0.7, it may be determined that the reference block and the
adjacent block do not match with each other, when the NCC
is equal to or greater than 0.7 and less than 0.9, it may be
determined that the reference block and the adjacent block
match with each other without including an edge of a tissue
component, and when the NCC is equal to or greater than 0.9,
it may be determined that the reference block and the adjacent
block match with each other and include an edge of a tissue
component.

[0097] FIGS. 8A and 8B are images illustrating examples
of blocks including an edge of a tissue component that match
with each other in a block matching process for generating an
aggregated tissue edge image. FIG. 8A shows a block corre-
sponding to a portion of an (N-1)th tissue edge image, and
FIG. 8B shows a reference block corresponding to a portion
of an Nth reference tissue edge image. The two blocks match
with each other, and bright parts in the two blocks correspond
to the edge of the tissue component. That is, image informa-
tion of blocks including the edge of the tissue component is
almost the same. Since blocks matching with each other are
adjacent to each other and an edge of a tissue component does
not suddenly disappear in a next image, the edge of the tissue
component in a block also appears in a corresponding block
of an adjacent tissue edge image. As a result, a block includ-
ing a part corresponding to an edge of a tissue component has
an image quite similar to an image of an adjacent matching
block.

[0098] FIGS. 9A and 9B are images illustrating examples
of blocks not including an edge of a tissue component that
match with each other in the block matching process for
generating an aggregated tissue edge image. FIG. 9A shows a
block corresponding to a portion of an (N-1)th tissue edge
image, and F1G. 9B shows a reference block corresponding to
a portion of an Nth reference tissue edge image. The two
blocks match with each other and include noise instead of a
part corresponding to the edge of the tissue component, so
image information of the two blocks is different from each
other. Generally, noise does not continuously appear at cor-
responding positions of matching blocks adjacent to each
other. That is, because noise is very unstable, noise does not
continuously appear in tissue edge images adjacent to each
other, and accordingly, when matching blocks adjacent to
each other have noise, image information of the matching
blocks will be different from each other.

[0099] In operation 707, the aggregated tissue edge image
generator 211 performs a filtering process for removing a
noise component from reference blocks not including an edge
of a tissue component. In the operations described above,
whether a reference block includes an edge of a tissue com-
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ponent is determined using the physical characteristics, such
as asimilarity of an edge of atissue component and a variation
of noise, with respect to adjacent blocks matching with each
other. In the current operation, the filtering process for remov-
ing the noise component is not performed for blocks includ-
ing the edge of the tissue component, or is performed for only
a portion of the blocks including the edge of the tissue com-
ponent that is far from the edge of the tissue component, and
the filtering process for removing the noise component is
performed for blocks not including the edge of the tissue
component.

[0100] In operation 709, the aggregated tissue edge image
generator 211 generates an aggregated tissue edge image by
aggregating the reference blocks including the edge of the
tissue component and the reference blocks not including the
edge of the tissue component on which the filtering process
for removing the noise component has been performed. That
is, a single tissue edge image is generated by aggregating the
reference blocks including the edge of the tissue component
and the reference blocks on which the filtering process for
removing the noise component has been performed. Since
this tissue edge image is generated using a plurality of tissue
edge images, the tissue edge image is a multi-slice-based
tissue edge image and is called an aggregated tissue edge
image. The aggregated tissue edge image is an image in which
noise is greatly reduced compared to a single-slice-based
tissue edge image because the filtering process for removing
the noise component has been performed on all of the aggre-
gated tissue edge image except for the edge of the tissue
component. The aggregated tissue edge image is used to
remove noise in a reference ultrasound image.

[0101] FIG. 10 illustrates an example of an acquired multi-
slice-based aggregated tissue edge image. Compared with the
single-slice-based tissue edge image shown in FIG. 6, noise
represented as bright speckles is remarkably reduced.
[0102] FIG. 11 is a flowchart illustrating an example of a
process of acquiring an ultrasound image having an image
quality that has been enhanced using an aggregated tissue
edge image. FIG. 11 is a detailed flowchart corresponding to
operation 307 of FIG. 3. Although various methods may be
used to enhance image quality. the following example is
based on a method using wavelet transformation.

[0103] Referring to FIG. 11, in operation 1101, the image
manipulator 213 acquires a reference ultrasound image and
an aggregated tissue edge image. The reference ultrasound
image is an original ultrasound image including noise and is
an ultrasound image from which the noise will be removed
using the aggregated tissue edge image. Since the aggregated
tissue edge image is generated by comparing the reference
tissue edge image corresponding to the reference ultrasound
image with adjacent tissue edge images, the aggregated tissue
edge image basically corresponds to the reference ultrasound
image. Thus, the original ultrasound image from which a
noise component will be removed using the aggregated tissue
edge image may be the reference ultrasound image.

[0104] In operation 1103, the image manipulator 213 per-
forms a wavelet transformation on the reference ultrasound
image. The wavelet transformation is a process of dividing a
given image signal into several signals of different frequency
bands by using two or more filters. The wavelet transforma-
tion of a 2D image performs frequency division in horizontal
and vertical directions, wherein the frequency division may
be performed by passing an image signal through a high
frequency filter or a low frequency filter. When the wavelet
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transformation is performed for an ultrasound image, the
ultrasound image is divided into images of 4 bands LL, HL,
LH, and HH, wherein [ denotes a low frequency component
and H denotes a high frequency component. For example, LL
indicates thatimage signals in both the horizontal and vertical
directions pass through the low frequency filter, HL indicates
thatan image signal in the horizontal direction passes through
the high frequency filter and an image signal in the vertical
direction passes through the low frequency filter, LH indi-
cates that an image signal in the horizontal direction passes
through the low frequency filter and an image signal in the
vertical direction passes through the high frequency filter, and
HH indicates that image signals in both the horizontal and
vertical directions pass through the high frequency filter. An
image corresponding to an LI band is closest to the original
image.

[0105] The division by the wavelet transformation may be
performed several times, wherein the wavelet transformation
is performed for images of the LL band closest to the original
image. A level 1 indicates that the wavelet transformation has
been performed once, and a level 2 indicates that the wavelet
transformation has been performed twice. That is, a level n
indicates that the wavelet transformation has been performed
n times. Fach band is formed by wavelet coefficients corre-
sponding to respective pixels, wherein the wavelet coeffi-
cients are obtained by the wavelet transformation.

[0106] When the wavelet transformation is performed once
for the reference ultrasound image, the reference ultrasound
image is divided into images of the 4 bands LI, HL., LH, and
HH in the level 1. When the wavelet transformation is per-
formed again for the image of the band L in the level 1, the
image of the band LL in the level 1 is divided into 4 images of
the 4 bands LL, HL, LH, and HH in the level 2. At this time,
a median per band per level may be calculated. A shrinkage
gain function may be generated per band per level by using
the calculated median. The shrinkage gain function may be
used for wavelet coefficient shrinkage together with an edge
weight function obtained using the aggregated tissue edge
image and is used to remove noise. However, because the
wavelet coefficient shrinkage may be performed using only
the edge weight function, the use of the shrinkage gain func-
tion is optional. The shrinkage gain function is calculated
using the following Equation 9:
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[0107] InEquation9, W, denotes a mean value of an NxN-
sized window including a current pixel, M,” denotes a median
of pixel values, i.e., wavelet coefficients, in a band b in a level
1, and € denotes the minimum value of pixel values. The
shrinkage gain function of Equation 9 may be expressed by
the following Equation 10 to make the shrinkage gain func-
tion value smaller or larger.
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[0108] FIG. 12 is a graph illustrating an example of the
shrinkage gain function for removing noise. G_1, G_2,
G_3, and G_4 denote the shrinkage gain function with
respect to the 4 bands LL, LH, HL, and HH in the level 1,
respectively. The shrinkage gain function is obtained when
pixel values, i.e., wavelet coefficients, of images of the 4
bands LL, LH, HL, and HH after the wavelet transformation
of the reference ultrasound image are processed by a gray
scale, wherein the horizontal axis indicates a gray scale from
0to 1 and the vertical axis indicates a shrinkage gain function
value.

[0109] In greater detail, the left side of the horizontal axis,
i.e., the side close to 0, corresponds to a noise component, and
the right side of the horizontal axis, i.e., the side close to 1,
corresponds to an edge of a tissue component. The vertical
axis indicates a shrinkage gain function value by which a
wavelet coefficient is to be multiplied, wherein 1 is the largest
value and 0 is the smallest value. As an extreme case, multi-
plying a wavelet coefficient by a shrinkage gain function
value of 1 indicates that the wavelet coefficient is preserved,
and multiplying a wavelet coefficient by a shrinkage gain
function value close to 0 indicates that the wavelet coefficient
is very small, i.e., that characteristics of a pixel corresponding
to the wavelet coefficient are removed. That is, because a
pixel having a value close to 0 in the gray scale corresponds to
a noise component, a shrinkage gain function value of the
pixel is set to a value close to 0, thereby shrinking a wavelet
coefficient of the pixel by multiplying the wavelet coefficient
of the pixel by the value close to 0. As a result, the wavelet
coefficient is shrunk, and the noise component is removed.
[0110] In FIG. 12, G_1, which is leftmost in FIG. 12,
almost always has 1 as a shrinkage gain function value
because G__1 represents an image of the LL band having a
minimal noise component, and accordingly G__1 is close to
an original image and rarely has wavelet coefficients to be
shrunk. On the contrary, in G_ 4, which is rightmost in FIG.
12, a shrinkage gain function value rapidly decreases when a
value of the horizontal axis is less than 0.11. This is because
G_ 4 represents an image of the HH band having a high noise
component and pixels including the noise component are
close to 0 in the gray scale. In this case, it is determined that
pixels corresponding to a value less than 0.11 in the gray scale
include the noise component, and wavelet coefficients of the
pixels are shrunk to remove noise. By adjusting a value of o
(o is a constant) in Equation 10, a curve of the shrinkage gain
function in FIG. 12 is adjusted.

[0111] In operation 1105, the image manipulator 213 per-
forms the edge enhancement process. This process is irrel-
evant to the noise removing process and is optional because
this process is to improve image quality of an ultrasound
image by sharpening an outline of a part corresponding to the
edge of the tissue component. Although the edge enhance-
ment process is performed before the noise removing process
in this example, the edge enhancement process may be pet-
formed after the noise removing process.

[0112] The edge enhancement process is only performed
on components in the low frequency band. That is, when the
wavelet transformation is performed, the edge enhancement
process is performed on images of the LL band in each level.
An example of a spatial filter used in the edge enhancement
process is a finite impulse response (FIR) filter for calculating
a center pixel value of a window having a predetermined size
by performing a predetermined calculation by weighting each
pixel value of neighboring pixels with respect to the center
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pixel in the window. In this example, a weight of an edge
enhancement filter used for the edge enhancement process
may be set differently based on whether the edge of the tissue
component is included by using the aggregated tissue edge
image. That is, while a general spatial filter is considered as
the edge enhancement filter, a weight of the edge enhance-
ment filter may vary according to whether the edge of the
tissue component is included by using the aggregated tissue
edge image.

[0113] FIG. 13 illustrates an example of a spatial filter used
for the edge enhancement process. As a simple example, a
3x3 spatial filter is shown in FIG. 13. A value a of the center
of the 3x3 spatial filter may be set to a large value for parts
corresponding to an edge of a tissue component or to a small
value for parts not corresponding to the edge of the tissue
component, by using the aggregated tissue edge image. When
weights in the 3x3 spatial filter are applied to respective pixels
ina3x3 block of pixels, the parts corresponding to the edge of
the tissue component have a large pixel value due to the large
weight, and the parts not corresponding to the edge of the
tissue component have a small pixel value due to the small
weight. That is, by applying an edge enhancement filter in
which a weight of an edge of a tissue component is signifi-
cantly different from a weight of a non-edge of the tissue
component, a pixel value difference between parts corre-
sponding to the edge of the tissue component and parts not
corresponding to the edge of the tissue component is large,
resulting in sharpening of the parts corresponding to the edge
of the tissue component.

[0114] In operation 1107, the image manipulator 213 per-
forms a wavelet coefficient shrinkage process. A wavelet
coefficient corresponding to each pixel in an image of a pre-
determined band is determined according to the wavelet
transformation, wherein noise may be removed by shrinking
the wavelet coefficients of pixels corresponding to the noise
component.

[0115] Edge weights by which the wavelet coefficients are
to be multiplied for the wavelet coefficient shrinkage process
are calculated. An edge weight function may be obtained
using the following Equation 11:

EM(x, y)\# 1n
EW(x, y) = (T)
[0116] In Equation 11, EW(x,y) denotes an edge weight,

and EM(x,y) denotes a pixel value at a position of the aggre-
gated tissue edge image. Since a part corresponding to the
edge of the tissue component has a bright color in the aggre-
gated tissue edge image, the part corresponding to the edge of
the tissue component has a value close to 255 as a pixel value,
and since a part corresponding to noise has a dark color in the
aggregated tissue edge image, the part corresponding to noise
has a value close to 0. As a result, because the part corre-
sponding to the edge of the tissue component has an edge
weight set to a value close to 1, even a corresponding wavelet
coefficient is multiplied by the edge weight, the correspond-
ing wavelet coefficient is not largely affected. However,
because the part corresponding to noise has an edge weight
set to a value close to 0, when a corresponding wavelet coef-
ficient is multiplied by the edge weight, the corresponding
wavelet coefficient is significantly shrunk, resulting in
removing the noise component.
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[0117] Although the wavelet coefficient shrinkage process
may be performed using only the edge weight function, the
wavelet coefficient shrinkage process may be performed
using a value obtained by multiplying the shrinkage gain
function described above by the edge weight function.
[0118] FIG. 14 is a graph illustrating an example of the
edge weight function used for the wavelet coefficient shrink-
age process. The horizontal axis indicates a gray scale umt
from 0 to 1, and the vertical axis indicates an edge weight
from 0 to 1 as a value by which a wavelet coefficient is to be
multiplied.

[0119] Ingreater detail, the horizontal axis indicates a pixel
value from O to 255 with the gray scale from 0 to 1, wherein
the left side of the horizontal axis that is close to O corre-
sponds to a dark area, i.e., a homogeneous area, in the aggre-
gated tissue edge image, and the right side of the horizontal
axis thatis close to 1 corresponds to a bright area, i.e., the edge
of the tissue component, in the aggregated tissue edge image.
Fora vertical axis value corresponding to each horizontal axis
value, because the side close to 0 in the horizontal axis, i.e.,
the homogeneous area in the aggregated tissue edge image, is
an area from which noise is going to be removed, a value close
to 01s set as an edge weight with respect to the homogeneous
area in the aggregated tissue edge image. On the contrary, a
value closeto 1 is set as an edge weight with respect to the side
close to 1 in the horizontal axis, i.e., the edge of the tissue
component in the aggregated tissue edge image. By adjusting
avalue f (f is aconstant) in Equation 11, the curve of the edge
weight function in FIG. 14 is adjusted.

[0120] The shrinkage gain function of FIG. 12 is obtained
by obtaining gain values by which wavelet coefficients are to
be multiplied based on wavelet-transformed band images,
and the edge weight function is obtained by obtaining edge
weights by which wavelet coefficients are to be multiplied
based on the aggregated tissue edge image. In these two
functions, the horizontal axis indicates the gray scale,
wherein the left side in the horizontal axis corresponds to the
homogeneous area including the noise component to be
removed and the right side corresponds to the edge of the
tissue component. As a result, the shape of the graph of the
edge weight function is similar to that of the gain shrinkage
function.

[0121] In operation 1109, the image manipulator 213 per-
forms an inverse wavelet transformation process. That is, an
image for which the wavelet coefficient shrinkage process has
been performed is restored by performing the inverse wavelet
transformation process. The inverse wavelet transformation
process may also be repeatedly performed, and in this case,
the inverse wavelet transformation process is repeatedly per-
formed until the original ultrasound image size before the
wavelet transformation was performed has been restored.
Accordingly, an ultrasound image whose image quality has
been enhanced is finally generated.

[0122] FIG. 15 illustrates an example of an original ultra-
sound image before the noise removing process. A lot of noise
in a bright speckle pattern exists around a predetermined
tissue (a blood vessel located in the horizontal direction in
FIG. 15) in an object to be diagnosed. Due to the noise, an
overall image quality of the ultrasound image is bad, and an
edge part of the object to be diagnosed is blurred.

[0123] FIG. 16 illustrates an example of a resulting ultra-
sound image after the noise removing process has been per-
formed by using the aggregated tissue edge image. FIG. 16
shows an ultrasound image corresponding to a result after
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noise existing in a non-edge area is removed by determining
an edge of the tissue component in the object to be diagnosed
in the original ultrasound image of FIG. 15 by using the
aggregated tissue edge image. Comparing the resulting ultra-
sound image of FIG. 16 with the original ultrasound image of
FIG. 15, the noise in the bright speckle pattern is remarkably
reduced, thereby enhancing the overall image quality of the
ultrasound image.

[0124] FIG. 17 illustrates an example of a resulting ultra-
sound image after the noise removing process and the edge
enhancement process have been performed by using the
aggregated tissue edge image. FIG. 17 shows an ultrasound
image corresponding to a result after the noise removing
process and the edge enhancement process are performed
with respect to the original ultrasound image of FIG. 15.
Comparing the resulting ultrasound image of FIG. 17 with the
resulting ultrasound image of FIG. 16, the edge of the tissue
component is sharper in FIG. 17 than it is in FIG. 16

[0125] As described above, an ultrasound image having an
enhanced image quality may be acquired by removing noise
without damaging a tissue component in the ultrasound
image.

[0126] The 3D ultrasound volume data detecting apparatus
110, the probe 112, the ultrasound image processing appara-
tus 120, the input unit 201, the image processor 203, the 2D
image generator 205, the tissue edge image generator 207, the
image quality enhancement processor 209, the aggregated
tissue edge image generator 211, the image manipulator 213,
the output unit 215, the storage unit 217, and the user interface
219 described above may be implemented using one or more
hardware components, one or more software components, or
a combination of one or more hardware components and one
or more software components.

[0127] A hardware component may be, for example, a
physical device that physically performs one or more opera-
tions, but is not limited thereto. Examples of hardware com-
ponents include piezoelectric transducers, amplifiers, low-
pass filters, high-pass filters, band-pass filters, analog-to-
digital converters, digital-to-analog converters, data storage
devices, and processing devices.

[0128] A software component may be implemented, for
example, by a processing device controlled by software or
instructions to perform one or more operations, but is not
limited thereto. A computer, controller, or other control
device may cause the processing device to run the software or
execute the instructions. One software component may be
implemented by one processing device, or two or more soft-
ware components may be implemented by one processing
device, or one software component may be implemented by
two or more processing devices, or two or more software
components may be implemented by two or more processing
devices.

[0129] A processing device may be implemented using one
or more general-purpose or special-purpose computers, such
as, for example, a processor, a controller and an arithmetic
logic unit, a digital signal processor, a microcomputer, a
field-programmable array, a programmable logic unit, a
microprocessor, or any other device capable of running soft-
ware or executing instructions. The processing device may
run an operating system (OS), and may run one or more
software applications that operate under the OS. The process-
ing device may access, store, manipulate, process, and create
data when running the software or executing the instructions.
For simplicity, the singular term “processing device” may be
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used in the description, but one of ordinary skill in the art will
appreciate that a processing device may include multiple
processing elements and multiple types of processing ele-
ments. For example, a processing device may include one or
more processors, or one or more processors and one or more
controllers. In addition, different processing configurations
are possible, such as parallel processors or multi-core proces-
sors.

[0130] A processing device configured to implement a soft-
ware component to perform an operation A may include a
processor programmed to run software or execute instruc-
tions to control the processor to perform operation A. In
addition, a processing device configured to implement a soft-
ware component to perform an operation A, an operation B,
and an operation C may have various configurations, such as,
for example, a processor configured to implement a software
component to perform operations A, B, and C; a first proces-
sor configured to implement a software component to per-
form operation A, and a second processor configured to
implement a software component to perform operations B
and C; a first processor configured to implement a software
component to perform operations A and B, and a second
processor configured to implement a software component to
perform operation C; a first processor configured to imple-
ment a software component to perform operation A, a second
processor configured to implement a software component to
perform operation B, and a third processor configured to
implement a software component to perform operation C; a
first processor configured to implement a software compo-
nent to perform operations A, B, and C, and a second proces-
sor configured to implement a software component to per-
form operations A, B, and C, or any other configuration of one
or more processors each implementing one or more of opera-
tions A, B, and C. Although these examples refer to three
operations A, B, C, the number of operations that may imple-
mented is not limited to three, but may be any number of
operations required to achieve a desired result or perform a
desired task.

[0131] Software orinstructions for controlling a processing
device to implement a software component may include a
computer program, a piece of code, an instruction, or some
combination thereof, for independently or collectively
instructing or configuring the processing device to perform
one or more desired operations. The software or instructions
may include machine code that may be directly executed by
the processing device, such as machine code produced by a
compiler, and/or higher-level code that may be executed by
the processing device using an interpreter. The software or
instructions and any associated data, data files, and data struc-
tures may be embodied permanently or temporarily in any
type of machine, component, physical or virtual equipment,
computer storage medium or device, or a propagated signal
wave capable of providing instructions or data to or being
interpreted by the processing device. The software or instruc-
tions and any associated data, data files, and data structures
also may be distributed over network-coupled computer sys-
tems so that the software or instructions and any associated
data, data files, and data structures are stored and executed in
a distributed fashion.

[0132] For example, the software or instructions and any
associated data, data files, and data structures may be
recorded, stored, or fixed in one or more non-transitory com-
puter-readable storage media. A non-transitory computer-
readable storage medium may be any data storage device that
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is capable of storing the software or instructions and any
associated data, data files, and data structures so that they can
be read by a computer system or processing device. Examples
of a non-transitory computer-readable storage medium
include read-only memory (ROM), random-access memory
(RAM), flash memory, CD-ROMs, CD-Rs, CD+Rs,
CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs, DVD+Rs,
DVD-RWs, DVD+RWs, DVD-RAMs, BD-ROMs, BD-Rs,
BD-R LTHs, BD-REs, magnetic tapes, floppy disks, mag-
neto-optical data storage devices, optical data storage
devices, hard disks, solid-state disks, or any other non-tran-
sitory computer-readable storage medium known to one of
ordinary skill in the art.

[0133] Functional programs, codes, and code segments for
implementing the examples disclosed herein can be easily
constructed by a programmer skilled in the art to which the
examples pertain based on the drawings and their correspond-
ing descriptions as provided herein.

[0134] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes of
limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may be
achieved if the described techniques are performed in a dif-
ferent order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the disclo-
sure is defined not by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included in the disclosure.

What is claimed is:

1. A method of processing an ultrasound image, the method
comprising:
generating a plurality of two-dimensional (2D) ultrasound
images from three-dimensional (3D) ultrasound volume
data of an object to be diagnosed,

generating a plurality of tissue edge images of an edge of at
least one tissue component in the object to be diagnosed
based on values of a plurality of pixels forming each of
the 2D ultrasound images generated from the 3D ultra-
sound volume data; and

generating a 2D ultrasound image from which a noise
component has been removed by discriminating the
edge of the at least one tissue component from a position
of the noise component based on a difference between a
similarity of the edge of the at least one tissue compo-
nent in the tissue edge images and a similarity of the
noise component in the tissue edge images.

2. The method of claim 1, wherein the generating of the 2D
ultrasound image from which the noise component has been
removed comprises:

identifying the edge of the at least one tissue component
based on the difference between the similarity of the
edge of the at least one tissue component in the tissue
edge images and the similarity of the noise component in
the tissue edge images;
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generating, from the tissue edge images. an aggregated
tissue edge image from which the noise component has
been removed; and

removing the noise component from one of the 2D ultra-

sound images generated from the 3D ultrasound volume
data based on the aggregated tissue edge image.

3. The method of claim 2, wherein the plurality of 2D
ultrasound images comprise a reference ultrasound image
from which the noise component is to be removed, and a first
ultrasound image and a second ultrasound image adjacent to
the reference ultrasound image; and

the plurality of tissue edge images comprise a reference

tissue edge image corresponding to the reference ultra-
sound image, and a first tissue edge image and a second
tissue edge image adjacent to the reference tissue edge
image.

4. The method of claim 3, wherein the generating of the
aggregated tissue edge image comprises:

dividing the tissue edge images into blocks each having a

predetermined size;

matching blocks in the reference tissue edge image with

corresponding blocks in the first tissue edge image, and
with corresponding blocks in the second tissue edge
image;
discriminating blocks of the reference tissue edge image
including the edge of the at least one tissue component
from blocks of the reference tissue edge image not
including the edge of the at least one tissue component
based on the difference between the similarity of the
edge of the at least one tissue component and the simi-
larity of the noise component in the matching blocks;

removing the noise component from the blocks of the
reference tissue edge image not including the edge of the
at least one tissue component; and

aggregating the blocks of the reference tissue edge image

including the edge of the at least one tissue component
and the blocks of the reference tissue edge image from
which the noise component has been removed to gener-
ate the aggregated tissue edge image.

5. The method of claim 4, wherein the matching of the
blocks comprises determining that a block in the reference
tissue edge image matches a corresponding block in the first
tissue edge image or the second tissue edge image if a nor-
malized cross-correlation (NCC) indicating a similarity
between the two blocks is greater than a threshold indicating
that the two blocks match each other.

6. The method of claim 4, wherein the discriminating ofthe
blocks comprises determining that a block in the reference
tissue edge image includes the edge of the at least one tissue
component if a normalized cross-correlation (NCC) indicat-
ing a similarity between the block in the reference tissue edge
image and a corresponding block in the first tissue edge image
or the second tissue edge image is greater than a threshold
indicating that the two blocks include the edge of the at least
one tissue component.

7. The method of claim 3, wherein the removing of the
noise component comprises:

performing a wavelet transformation on the reference

ultrasound image to obtain wavelet coefficients respec-
tively corresponding to the pixels of the reference ultra-
sound image;

removing the noise component from the reference ultra-

sound image by the shrinking the wavelet coefficients
respectively corresponding to pixels of the reference
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ultrasound image that correspond to pixels of the aggre-
gated tissue edge image from which the noise compo-
nent has been removed based on information about the
pixels of the aggregated tissue edge image from which
the noise component has been removed; and

performing an inverse wavelet transformation on the wave-
let coefficients respectively corresponding to the pixels
of the reference ultrasound image including the shrunk
wavelet coeflicients to restore the reference ultrasound
image without the noise component.

8. The method of claim 7, wherein the wavelet transforma-
tion divides the reference ultrasound image into a plurality of
band images in different frequency bands, and is repeatedly
performed with respect to a band image in a low frequency
band to divide the reference ultrasound image into a plurality
of band images having a plurality of resolution levels; and

the inverse wavelet transformation is performed a same

number of times as the wavelet transformation has been
repeatedly performed.

9. The method of claim 7, wherein the shrinking of the
wavelet coeflicients comprises multiplying each of the wave-
let coefficients by a respective edge weight in a range from
about 0 to about 1 that is generated based on the aggregated
tissue edge image.

10. The method of claim 9, wherein the shrinking of the
wavelet coefficients further comprises multiplying each of
the wavelet coefficients multiplied by the respective edge
weight by a shrinkage gain function value in a range from
about 0 to about 1 that is generated based on the band images
generated by the wavelet transformation.

11. The method of claim 7, wherein the removing of the
noise component further comprises performing an edge
enhancement to sharpen an outline of the edge of the at least
one tissue component in the reference ultrasound image
based on information about pixels of the aggregated tissue
edge image corresponding to the edge ofthe at least onetissue
component.

12. The method of claim 11, wherein the performing of the
edge enhancement comprises applying an edge enhancement
filter to the pixels of the reference ultrasound image, where a
weight of the edge enhancement filter applied to pixels of the
reference ultrasound image corresponding to the edge of the
at least one tissue component is different from a weight of the
edge enhancement filter applied to pixels of the reference
ultrasound image not corresponding to the edge of the at least
one tissue component.

13. The method of claim 1, wherein the plurality of 2D
ultrasound images are adjacent to each other in 2D ultrasound
images extractable from the 3D ultrasound volume data.

14. The method of claim 1, wherein the noise component
comprises speckle noise generated by an interference phe-
nomenon occurring between ultrasonic wavelengths.

15. The method of claim 1, wherein the generating of the
plurality of tissue edge images comprises:

generating gradient images in vertical and horizontal direc-

tions for each pixel in each of the plurality of 2D ultra-
sound images;
generating a structure matrix for each pixel in each of the
plurality of 2D ultrasound images based on the gradient
images in the vertical and horizontal directions;

calculating eigenvectors having maximum and minimum
variations and eigenvalues corresponding to the eigen-
vectors from the structure matrix; and
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detecting the edge of the at least one tissue component
based on a difference between the eigenvalues.
16. The method of claim 15, wherein the detecting of the
edge of the at least one tissue component comprises detecting
the edge of the at least one tissue component when the dif-
ference between the eigenvalues is greater than a predeter-
mined value.
17. A non-transitory computer-readable storage medium
storing a program for controlling a computer to perform the
method of claim 1.
18. An apparatus for processing an ultrasound image, the
apparatus comprising:
an input unit configured to receive three-dimensional (3D)
ultrasound volume data of an object to be diagnosed;
an image processor configured to:
generate a plurality of two-dimensional (2D) ultrasound
images from the 3D ultrasound volume data;

generate a plurality of tissue edge images of an edge of
at least one tissue component in the object to be diag-
nosed based on values of a plurality of pixels forming
each of the 2D ultrasound images generated from the
3D ultrasound volume data; and

generate a 2D ultrasound image from which a noise
component has been removed by discriminating the
edge of the at least one tissue component from a
position of the noise component based on a difference
between a similarity of the edge of the at least one
tissue component in the tissue edge images and a
similarity of the noise component in the tissue edge
images; and

an output unit configured to output the 2D ultrasound
image from which the noise component has been
removed.

19. The apparatus of claim 18, wherein the image processor

comprises:
a 2D image generator configured to generate the plurality
of 2D ultrasound images from the 3D ultrasound volume
data;
a tissue edge image generator configured to generate the
plurality of tissue edge images of the edge of the at least
one tissue component in the object to be diagnosed
based on the values of the plurality of pixels forming
each of the 2D ultrasound images generated from the 3D
ultrasound volume data;
an aggregated tissue edge image generator configured to:
identify the edge of the at least one tissue component
based on the difference between the similarity of the
edge of the at least one tissue component in the tissue
edge images and the similarity of the noise compo-
nent in the tissue edge images; and

generate, from the tissue edge images, an aggregated
tissue edge image from which the noise component
has been removed; and

an image manipulator configured to remove the noise
component from one of the 2D ultrasound images
generated from the 3D ultrasound volume data based
on the aggregated tissue edge image.

20. The apparatus of claim 19, further comprising a storage
unit configured to store all kinds of images generated by the
image processor.
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