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(57) ABSTRACT

Embodiments for spatially compounding ultrasound images
for removing seam artifact in an ultrasound system are dis-
closed. In one embodiment, the ultrasound system includes:
an ultrasound data acquisition unit configured to transmit
ultrasound beams to a target object, receive ultrasound echoes
reflected from the target object and provide a plurality of
ultrasound frame data sets for a plurality of frames, said
plurality of ultrasound frame data being acquired at different
steering angles of scan lines; and a processing unit configured
to form a plurality of ultrasound images and form a plurality
of mask images corresponding to the respective ultrasound
images based on the plurality of ultrasound frame data sets for
removing seam artifact and spatially compound the plurality
of ultrasound image based on the plurality of mask images to
form an ultrasound spatial compound image.
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ULTRASOUND IMAGE ENHANCEMENT IN
AN ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2010-0006412 filed on Jan. 25,
2010, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ultra-
sound image processing, and more particularly to enhancing
ultrasound images without lowering a frame rate in an ultra-
sound system.

BACKGROUND

[0003] An ultrasound system has been extensively used in
the medical field due to its non-invasive and non-destructive
nature. Modern high-performance ultrasound imaging diag-
nostic systems and techniques are commonly used to produce
two-dimensional or three-dimensional ultrasound images of
internal features of patients.

[0004] Recently, spatial compounding has been adopted in
the ultrasound system to provide enhanced ultrasound
images. The spatial compounding is implemented by com-
pounding a plurality of ultrasound images (e.g., three ultra-
sound images), which have been successively formed at dif-
ferent steering angles of scan lines, to form a compound
image. In such a case, when the ultrasound images are
acquired under the condition that a surface of an ultrasound
probe is not properly contacted with a surface of a target
object, border lines of the ultrasound images may appear in a
compound image formed by spatial compounding of the
ultrasound images, i.e., seam artifact occurs in the compound
image, which may degrade the compound image.

SUMMARY

[0005] Embodiments for spatially compounding ultra-
sound images for removing seam artifact in an ultrasound
system are disclosed herein. In one embodiment, by way of
non-limiting example, an ultrasound system comprises: an
ultrasound data acquisition unit configured to transmit ultra-
sound beams to a target object, receive ultrasound echoes
reflected from the target object and provide a plurality of
ultrasound frame data sets for a plurality of frames, said
plurality of ultrasound frame data being acquired at different
steering angles of scan lines; and a processing unit configured
to form a plurality of ultrasound images and form a plurality
of mask images corresponding to the respective ultrasound
images based on the plurality of ultrasound frame data sets for
removing seam artifact and spatially compound the plurality
ofultrasound image based on the plurality of mask images to
form an ultrasound spatial compound image.

[0006] In another embodiment, a method of forming an
ultrasound spatial compound image in an ultrasound system,
comprises: a) transmitting ultrasound beams to a target
object, receiving ultrasound echoes reflected from the target
object and providing a plurality of ultrasound frame data sets
for a plurality of frames, said plurality of ultrasound frame
data being acquired at different steering angles of scan lines;
b) setting a plurality of masks corresponding to the respective
frames based on the plurality of ultrasound frame date sets for
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removing seam artifact to form a plurality of mask images
corresponding to the respective frames; ¢) forming a plurality
ofultrasound images corresponding to the plurality of frames
based on the plurality of frame data sets; and d) spatially
compounding the plurality of ultrasound image based on the
plurality of mask images to form an ultrasound spatial com-
pound image.

[0007] In yet another embodiment, a computer-readable
storage medium storing instructions that, when executed by a
computer, cause the computer to provide a method of spa-
tially compounding ultrasound images based on a plurality of
ultrasound frame data sets acquired from a target object and at
different steering angles of scan lines in an ultrasound system,
the method comprises: setting a plurality of masks corre-
sponding to the respective frames based on the plurality of
ultrasound frame date sets for removing seam artifact to form
a plurality of mask images corresponding to the respective
frames; forming a plurality of ultrasound images correspond-
ing to the plurality of frames based on the plurality of frame
data sets; and spatially compounding the plurality of ultra-
sound image based on the plurality of mask images to form an
ultrasound spatial compound image.

[0008] TheSummary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0010] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit of FIG. 1.
[0011] FIG. 3 is a schematic diagram showing examples of
frames consisting of a scan line group with its scan lines not
being steered and scan line groups with their scan lines being
steered at predetermined steering angles 6, and 6,.

[0012] FIG. 4 is a block diagram showing an illustrative
embodiment of a processing unit of FIG. 1.

[0013] FIG. 5 is a schematic diagram showing examples of
masks.
[0014] FIG. 6 is a schematic diagram showing examples of

mask images, ultrasound image and a compound image.

DETAILED DESCRIPTION

[0015] A detailed description may be provided with refer-
ence to the accompanying drawings. One of ordinary skill in
the art may realize that the following description is illustrative
only and is not in any way limiting. Other embodiments of the
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0016] Referring to FIG. 1, an ultrasound system con-
structed in accordance with one embodiment is shown. The
ultrasound system 100 may include an ultrasound data acqui-
sition unit 110, a processing unit 120, a storage unit 130 and
a display unit 140.

[0017] The ultrasound data acquisition unit 110 may be
configured to transmit ultrasound beams to a target object and
receive ultrasound echoes reflected from the target object to
thereby form ultrasound data representative of the target
object. An operation of the ultrasound acquisition unit will be
described in detail by referring to FIG. 2.
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[0018] FIG. 2 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 120.
Referring to FIG. 2, the ultrasound data acquisition unit 110
may include a transmit (Tx) signal forming section 111. The
Tx signal forming section 121 may generate a plurality of Tx
signals and apply delays to the Tx signals. The delays of the
Tx signals may be controlled according to a steering angle of
scan lines. For example, the Tx signals may include first Tx
signals for obtaining a first frame P, in which scan lines S, -S
are not steered, second Tx signals for obtaining a second
frame P, in which scan lines S-S are steered at a first steer-
ing angle of 6, and third Tx signals for obtaining a third frame
P; in which scan lines S,-S are steered at a second steering
angle of 0,, as shown in FIG. 3.

[0019] The ultrasound data acquisition unit 110 may fur-
ther include an ultrasound probe 112, which is coupled to the
Tx signal forming section 111. The ultrasound probe 112 may
include an array transducer containing a plurality of trans-
ducer elements for reciprocal conversion between electric
signals and ultrasound signals. The ultrasound probe 112 may
be configured to transmit ultrasound signals in response to the
Tx signals. The ultrasound probe 112 may be further config-
ured to receive ultrasound echoes reflected from the target
object to thereby output receive signals. In one embodiment,
the receive signals may include first receive signals obtained
in response to the first Tx signals, second receive signals
obtained in response to the second Tx signals and third
receive signals obtained in response to the third Tx signals.

[0020] The ultrasound data acquisition unit 110 may fur-
ther include a beam forming section 113, which is coupled to
the ultrasound probe 112. The beam forming section 113 may
be configured to digitize the electrical receive signals to
obtain digital signals. The beam forming section 113 may
also apply delays to the digital signals in consideration of
distances between the elements of the ultrasound probe 112
and focal points. The beam forming section 113 may further
sum the delayed digital signals to form receive-focused
beams. In one embodiment, the beam forming section 113
may form a first receive-focused beam based on the first
receive signals, a second receive-focused beam based on the
second receive signals and a third receive-focused beam
based on the third receive signals.

[0021] The ultrasound data acquisition unit 110 may fur-
ther include an ultrasound data forming section 114, which is
coupled to the beam forming section 113. The ultrasound data
forming section 114 may be configured to form ultrasound
data corresponding to a plurality of frames based on the
receive-focused beams. The ultrasound data may be stored in
the storage unit 130. In one embodiment, the ultrasound data
forming section 114 may be configured to form a first ultra-
sound frame data set corresponding to the respective scan
lines S-Sy of the first frame P, based on the first receive-
focused beams. The ultrasound data forming section 114 may
be configured to form a second ultrasound frame data set
corresponding to the respective scan lines S-S, of the second
frame P, based on the second receive-focused beams. Further,
the ultrasound data forming section 114 may be configured to
form a third ultrasound frame data set corresponding to the
respective scan lines S,-Sy of the third frame P, based on the
firstreceive-focused beams. The ultrasound data forming sec-
tion 114 may be configured to perform a variety of signal
processing (e.g., gain adjustment, etc.), which is necessary
for forming the ultrasound data, upon the receive-focused
beams.
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[0022] Referring back to FIG. 1, the processing unit 120,
which is coupled to the ultrasound data acquisition unit 110,
may be configured to form ultrasound images and mask
images corresponding to the frames of the plurality of steer-
ing angles based on the plurality of ultrasound frame data
sets. In this case, the mask images are formed to remove seam
artifacts appearing in a spatial compound image of the ultra-
sound images. Further, the processing unit 120 may be con-
figured to spatially compound a plurality ultrasound images
by using the mask images to from an ultrasound spatial com-
pound image. An operation of the processing unit 120 will be
described in detail by referring to FIG. 4.

[0023] FIG. 4 is a block diagram showing an illustrative
embodiment of the processing unit 120. In one embodiment,
the processing unit 120 may include a mask forming section
121, a mask setting section 122, an image forming section 123
and a spatial compounding section 124.

[0024] The mask forming section 121 may be configured to
a plurality of masks corresponding to a plurality of frames,
respectively, based on the plurality of ultrasound frame data
sets. Each of the masks has a size and a pixel number identical
to those of each of the frames. In one embodiment, the mask
forming section 121 may be configured to a first mask 211
corresponding to the first frame P, based on the first ultra-
sound frame data set as shown in FIG. 5. The mask forming
section 121 may be configured to a second mask 212 corre-
sponding to the first frame P, based on the second ultrasound
frame data set. Further, the mask forming section 121 may be
configured to a third mask 213 corresponding to the first
frame P, based on the third ultrasound frame data set.
[0025] The mask setting section 122, which is coupled to
the mask forming section 121, may be configured to deter-
mine a pixel value corresponding to each of pixels in each of
the masks by using the ultrasound frame data sets. More
particularly, the mask setting section 122 may be configured
to detect an intensity of the ultrasound frame data correspond-
ing to the scan line S, at each of the frame by using the
ultrasound frame data sets. The mask setting section 122 may
be further configured to compare the detected intensity with a
predetermined threshold. If the intensity is equal to or greater
than the predetermined threshold, then it is determined that
the ultrasound probe 122 is properly contacted with the sur-
face of the target object. This is so that the mask setting
section 122 may assign a value of 1 to pixels corresponding to
the scan line S;.

[0026] On the other hand, if the intensity is less than the
predetermined threshold, then it is determined that the ultra-
sound 122 is properly contracted with the surface of the target
object. This is so that the mask setting section 122 may assign
a value of 0 to pixels corresponding to the scan line S,. For
example, the mask setting section 122 may be configured to
detect intensities of the ultrasound frame data corresponding
to each of the scan lines S,-Sy of the first frame P, and
compare the intensities with the predetermined threshold to
thereby assign a value of 1 to pixels corresponding to the scan
line S, -S,, which have the intensities equal to or greater than
the predetermined threshold value, as shown in FIG. 5. The
mask setting section 122 may be configured to detect inten-
sities of the ultrasound frame data corresponding to each of
the scan lines S, -S, of the second frame P, and compare the
intensities with the predetermined threshold. The mask set-
ting section 122 may be configured to assign a value of 1 to
pixels of the second mask 212 corresponding to the scan line
S,-S,, which have the intensities equal to or greater than the
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predetermined threshold value, and a value of 0 to pixels of
the second mask 212 corresponding to the scan line Ss-Sg,
which have the intensities less than the predetermined thresh-
old value. The mask setting section 122 may be configured to
detect intensities of the ultrasound frame data corresponding
to each of the scan lines S,-S; of the third frame P; and
compare the intensities with the predetermined threshold.
The mask setting section 122 may be configured to assign a
value of 1 to pixels of the third mask 213 corresponding to the
scan line S,-S, which have the intensities equal to or greater
than the predetermined threshold value, and a value of 0 to
pixels of the third mask 213 corresponding to the scan line S, ,
which have the intensities less than the predetermined thresh-
old value.

[0027] Theimage forming section 123, which is coupled to
the mask setting unit 122, may be configured to form a plu-
rality of mask images based on the plurality of masks pro-
vided from the mask setting unit 122. Also, the image forming
section 123 may be further configured to form a plurality of
ultrasound images corresponding to the plurality of mask
images by using the ultrasound frame data sets provided from
the ultrasound data acquisition unit 110. In one embodiment,
the image forming section 123 may be configured to form a
first mask image 311, a second mask image 312 and a third
mask image 313 by using the first mask 211, the second mask
212 and the third mask 213, as shown in FIG. 6. Further, the
image forming section 123 may be configured to form first to
third ultrasound images 321 to 323 corresponding to the first
to third frames P,-P; by using the first to third ultrasound
frame data sets.

[0028] The spatial compounding section 124 may be con-
figured to form an ultrasound spatial compound image by
compounding the plurality of ultrasound images by using the
plurality of mask images. The spatial compounding section
124 may be configured to sum values of pixels identically
positioned in the plurality of ultrasound images to obtain first
summation values, and sum values of pixels identically posi-
tioned in the plurality of mask images to obtain second sum-
mation values. The spatial compound section 124 may be
configured to determine pixel values of the ultrasound spatial
compound image.

[0029] In one embodiment, the spatial compound image
124 may be configured to sum a pixel value of a pixel P, , of
the first ultrasound image 321, a pixel value of a pixel S, ; of
the second ultrasound image 322 and a pixel value of a pixel
U, , of the third ultrasound image 323, with respect to a pixel
C,, of a ultrasound spatial compound image 330, thereby
obtaining a first summation value. The spatial compound
image 124 may be further configured to sum a pixel value of
1 of the first mask image 311, which corresponds to the pixel
P, , of the first ultrasound image 321, a pixel value of 1 of the
second mask image 312, which corresponds to the pixel S, ;|
of the second ultrasound image, and a pixel value of 0 of the
third mask image 313, which corresponds to the pixel U, , of
the third ultrasound image, thereby obtaining a second sum-
mation value of 2. The spatial compounding section 124 is
further configured to divide the first summation value by the
second summation value (i.e., first summation value/second
summation value) to thereby determine a pixel value of a
pixel C, , of the ultrasound spatial compound image 330. In
the same manner, the spatial compounding section 124 may
be configured to determine pixel values of pixels C1,2 and
C, 5 of the ultrasound spatial compound image 330.
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[0030] With respectto a pixel C, , of the ultrasound spatial
compound image 330, the spatial compounding section 124
may be configured to sum a pixel value of a pixel P, , of the
first ultrasound image 321 and a pixel value of a pixel S, , of
the second ultrasound image 322, thereby obtaining a first
summation value. The spatial compound image 124 may be
further configured to sum a pixel value of 1 of the first mask
image 311, which corresponds to the pixel P, , of the first
ultrasound image 321, and a pixel value of 1 of the second
mask image 312, which corresponds to the pixel S, , of the
second ultrasound image, thereby obtaining a second sum-
mation value of 2. The spatial compounding section 124 is
further configured to divide the first summation value by the
second summation value (i.e., first summation value/second
summation value) to thereby determine a pixel value of a
pixel C, , of the ultrasound spatial compound image 330. In
the same manner, the spatial compounding section 124 may
be configured to determine pixel values of pixels C, sand C, 4
of the ultrasound spatial compound image 330.

[0031] Withrespectto a pixel C, ; of the ultrasound spatial
compound image 330, the spatial compound image 124 may
be configured to sum a pixel value of a pixel P, , of the first
ultrasound image 321, a pixel value of a pixel S2,1 of the
second ultrasound image 322 and a pixel value of a pixel U, ,
of the third ultrasound image 323, thereby obtaining a first
summation value. The spatial compound image 124 may be
further configured to sum a pixel value of 1 of the first mask
image 311, which corresponds to the pixel P, , of the first
ultrasound image 321, a pixel value of 1 of the second mask
image 312, which corresponds to the pixel S, ; of the second
ultrasound image, and a pixel value of 1 of the third mask
image 313, which corresponds to the pixel U, of the third
ultrasound image, thereby obtaining a second summation
value of 3. The spatial compounding section 124 is further
configured to divide the first summation value by the second
summation value (i.e., first summation value/second summa-
tion value) to thereby determine a pixel value of a pixel C,
of the ultrasound spatial compound image 330. In the same
manner, the spatial compounding section 124 may be config-
ured to determine pixel values of pixels C, ,, C, 5, C, 4, C, s,
Coo Ca15 C32: Ci3, Caay G5, Cag, Cuy Cun, Cuny Cags
4,50 Ca60Cs,15Cs.2: C5.3:C5 4. Cs 5, Cs 65, C 15 G pand Ce 5
of the ultrasound spatial compound image 330.
[0032] With respectto a pixel Cg , of the ultrasound spatial
compound image 330, the spatial compounding section 124
may be configured to sum a pixel value of a pixel P4 , of the
first ultrasound image 321 and a pixel value of a pixel U , of
the second ultrasound image 323, thereby obtaining a first
summation value. The spatial compound image 124 may be
further configured to sum a pixel value of 1 of the first mask
image 311, which corresponds to the pixel P4, of the first
ultrasound image 321, and a pixel value of 1 of the third mask
image 313, which corresponds to the pixel Us , of the third
ultrasound image, thereby obtaining a second summation
value of 2. The spatial compounding section 124 is further
configured to divide the first summation value by the second
summation value (i.e., first summation value/second summa-
tion value) to thereby determine a pixel value of a pixel C
of the ultrasound spatial compound image 330. In the same
manner, the spatial compounding section 124 may be config-
ured to determine pixel values of pixels Cg 5 and Cg 4 of the
ultrasound spatial compound image 330.

[0033] Referringback to FIG. 1, the storage unit 130, which
is coupled to the processing unit 120, may be configured to
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store the ultrasound data sets, which have been acquired in the
ultrasound data acquisition unit 110. The storage unit 130
may further store the plurality of ultrasound images, which
have been formed in the processing unit 120. The display unit
140 may display the ultrasound spatial compound image.
[0034] In another embodiment, there is provided a com-
puter-readable storage medium storing instructions that,
when executed by a computer, cause the computer to provide
a method of spatially compounding ultrasound images based
on a plurality of ultrasound frame data sets acquired from a
target object and at different steering angles of scan lines in an
ultrasound system, the method comprising: setting a plurality
of' masks corresponding to the respective frames based on the
plurality of ultrasound frame date sets for removing seam
artifact to form a plurality of mask images corresponding to
the respective frames; forming a plurality of ultrasound
images corresponding to the plurality of frames based on the
plurality of frame data sets; and spatially compounding the
plurality of ultrasound image based on the plurality of mask
images to form an ultrasound spatial compound image.
[0035] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured to transmit
ultrasound beams to a target object, receive ultrasound
echoes reflected from the target object and provide a
plurality of ultrasound frame data sets for a plurality of
frames, said plurality of ultrasound frame data being
acquired at different steering angles of scan lines; and

a processing unit configured to form a plurality of ultra-
sound images and form a plurality of mask images cor-
responding to the respective ultrasound images based on
the plurality of ultrasound frame data sets for removing
seam artifact and spatially compound the plurality of
ultrasound image based on the plurality of mask images
to form an ultrasound spatial compound image.

2. The ultrasound system of claim 1, wherein the mask
images have identical sizes and pixel numbers to those of the
corresponding ultrasound images.

3. The ultrasound system of claim 1, wherein the process-
ing unit includes:

a mask forming section configured to form masks corre-
sponding to the respective frames based on the ultra-
sound frame data sets;

amask setting section configured to determine pixel values
of pixels of each of the mask based on intensities of the
ultrasound frame data sets;

an image forming section configured to form the plurality
of mask images based on the masks and the plurality of
ultrasound images based on the ultrasound frame data
sets; and
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a spatial compounding section configured to spatially com-
pound the plurality of ultrasound image based on the
plurality of mask images.

4. The ultrasound system of claim 3, wherein the mask
setting section is configured to detect an intensity of each of
the frames corresponding to the respective scan lines by using
the ultrasound frame data sets, compare the detected intensity
with a predetermined threshold, assign, when the intensity is
equal to or greater than a predetermined threshold, a value of
1 to pixels corresponding to the scan line, and assign, when
the intensity is less than the predetermined threshold, a value
of 0 to pixels corresponding to the scan line.

5. The ultrasound system of claim 3, wherein the spatial
compounding section is configured to sum pixel values of
pixels overlapped at the ultrasound images to obtain a first
summation value, sum pixel values of pixel overlapped at the
mask images to obtain a second summation value and divide
the first summation value by the second summation value to
determine a pixel value at a corresponding pixel of the ultra-
sound spatial compound image.

6. A method of forming an ultrasound spatial compound
image in an ultrasound system, comprising:

a) transmitting ultrasound beams to a target object, receiv-
ing ultrasound echoes reflected from the target object
and providing a plurality of ultrasound frame data sets
for a plurality of frames, said plurality of ultrasound
frame data being acquired at different steering angles of
scan lines;

b) setting a plurality of masks corresponding to the respec-
tive frames based on the plurality of ultrasound frame
date sets for removing seam artifact to form a plurality of
mask images corresponding to the respective frames;

¢) forming a plurality of ultrasound images corresponding
to the plurality of frames based on the plurality of frame
data sets; and

d) spatially compounding the plurality of ultrasound image
based on the plurality of mask images to form an ultra-
sound spatial compound image.

7. The method of claim 6, wherein the masks have identical
sizes and pixel numbers to those of the corresponding ultra-
sound images.

8. The method of claim 6, wherein the step b) includes:

b1) forming masks corresponding to the respective frames
based on the ultrasound frame data sets; and

b2) determining pixel values of pixels of each of the mask
based on intensities of the ultrasound frame data sets.

9. The method of claim 8, wherein the b2) includes:

detecting an intensity of each of the frames corresponding
to the respective scan lines by using the ultrasound frame
data sets;

comparing the detected intensity with a predetermined
threshold,

assigning, when the intensity is equal to or greater than a
predetermined threshold, a value of 1 to pixels corre-
sponding to the scan line; and

assigning, when the intensity is less than the predetermined
threshold, a value of O to pixels corresponding to the
scan line.

10. The method of claim 6, wherein the d) includes:

summing pixel values of pixels overlapped at the ultra-
sound images to obtain a first summation value;

summing pixel values of pixel overlapped at the mask
images to obtain a second summation value; and
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dividing the first summation value by the second summa-
tion value to determine a pixel value at a corresponding
pixel of the ultrasound spatial compound image.

11. A computer-readable storage medium storing instruc-
tions that, when executed by a computer, cause the computer
to provide a method of spatially compounding ultrasound
images based on a plurality of ultrasound frame data sets
acquired from a target object and at different steering angles
of scan lines in an ultrasound system, the method comprising;:

setting a plurality of masks corresponding to the respective

frames based on the plurality of ultrasound frame date
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sets for removing seam artifact to form a plurality of
mask images corresponding to the respective frames;

forming a plurality of ultrasound images corresponding to
the plurality of frames based on the plurality of frame
data sets; and

spatially compounding the plurality of ultrasound image
based on the plurality of mask images to form an ultra-
sound spatial compound image.

* * * #* 3k
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