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PROVIDING AN ULTRASOUND SPATIAL
COMPOUND IMAGE IN AN ULTRASOUND
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Korean Patent
Application No. 10-2009-0111747 filed onNov. 19, 2009, the
entire subject matter of which is incorporated herein by ref-
erence.

TECHNICAL FIELD

The present disclosure generally relates to ultrasound sys-
tems, and more particularly to providing an ultrasound spatial
compound image in an ultrasound system.

BACKGROUND

An ultrasound system has become an important and popu-
lar diagnostic tool since it has a wide range of applications.
Specifically, due to its non-invasive and non-destructive
nature, the ultrasound system has been extensively used in the
medical profession. Modern high-performance ultrasound
systems and techniques are commonly used to produce two or
three-dimensional diagnostic images of internal features of
an object (e.g., human organs).

The ultrasound system transmits and receives ultrasound
signals to and from a target object to thereby form a 2D
(two-dimensional) ultrasound image or a 3D (three-dimen-
sional) ultrasound image. Various techniques have been ana-
lyzed to enhance resolution of the ultrasound image. Spatial
compounding is one of such techniques.

Spatial compounding is an imaging technique for forming
a single compounding image by combining ultrasound
images obtained from multiple points and angles. That is, the
ultrasound system electronically steers scan-lines at different
steering angles to thereby form a plurality of ultrasound
images. The ultrasound system may then compound the ultra-
sound image to form an ultrasound spatial compound image.

Border lines of the ultrasound images are represented on
the ultrasound spatial compound image. That is, a seam arti-
fact occurs when the ultrasound spatial compound image is
formed by compounding the ultrasound images. Thus, there
is a problem in that the quality of the ultrasound spatial
compound image becomes poor.

SUMMARY

Embodiments for providing a plurality of slice images in an
ultrasound system are disclosed herein. In one embodiment,
by way of non-limiting example, an ultrasound system com-
prises: an ultrasound data acquisition unit configured to trans-
mit and receive ultrasound signals to and from a target object
based on a plurality of steering angles to thereby output a
plurality of ultrasound data for obtaining a plurality of ultra-
sound images corresponding to the plurality of steering
angles; and a processing unit in communication with the
ultrasound data acquisition unit, the processing unit being
configured to form the plurality of ultrasound images based
on the plurality of ultrasound data, decompose each of the
ultrasound images into a low pass image having a low fre-
quency component and a high pass image having a high
frequency component, perform a blending process for remov-
ing a seam artifact upon the low pass image and the high pass
image for each of the ultrasound images, form a plurality of
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restoration images by composing the blended low pass image
and the high pass image, and form an ultrasound spatial
compound image based on the plurality of restoration images.

In another embodiment, there is provided a method of
providing an ultrasound spatial compound image comprising:
a) forming a plurality of ultrasound images based on a plu-
rality of ultrasound data, wherein the plurality of ultrasound
images correspond to a plurality of steering angles; b) decom-
posing each of the ultrasound images into a low pass image
having a low frequency component and a high pass image
having a high frequency component; ¢) performing a blend-
ing process of removing a seam artifact upon the low pass
image and the high pass image for each of the ultrasound
images; d) forming a plurality of restoration images by com-
posing the blended low pass image and the high pass image;
and e) forming an ultrasound spatial compound image based
on the plurality of restoration images.

In yet another embodiment, there is provided a computer
readable medium comprising computer executable instruc-
tions configured to perform the following acts: a) forming a
plurality of ultrasound images based on a plurality of ultra-
sound data, wherein the plurality of ultrasound images cor-
respond to a plurality of steering angles; b) decomposing each
of the ultrasound images into a low pass image having a low
frequency component and a high pass image having a high
frequency component; ¢) performing a blending process of
removing a seam artifact upon the low pass image and the
high pass image for each ofthe ultrasound images; d) forming
a plurality of restoration images by composing the blended
low pass image and the high pass image; and e) forming an
ultrasound spatial compound image based on the plurality of
restoration images.

The Summary is provided to introduce a selection of con-
cepts 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 itintended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an illustrative embodi-
ment of an ultrasound system.

FIG. 2 is a block diagram showing an illustrative embodi-
ment of an ultrasound data acquisition unit.

FIG. 3 is a schematic diagram showing an example of a
plurality of steering angles and a plurality of ultrasound
images corresponding to the plurality of steering angles.

FIG. 4 is a flow chart showing a process of forming an
ultrasound spatial compound image.

FIG. 5 is a schematic diagram showing an example of
decomposing an ultrasound image into an N-level low pass
image and an N-level high pass image.

FIG. 6 is a schematic diagram showing an example of a
plurality of low pass images corresponding to the plurality of
ultrasound images, boundary areas and blending areas.

DETAILED DESCRIPTION

A detailed description may be provided with reference 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.

Referring to FIG. 1, an ultrasound system 100 in accor-
dance with an illustrative embodiment is shown. As depicted
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therein, the ultrasound system 100 may include an ultrasound
data acquisition unit 110. The ultrasound data acquisition unit
110 may be configured to transmit and receive ultrasound
signals to and from a target object to thereby output ultra-
sound data.

FIG. 2 is a block diagram showing an illustrative embodi-
ment of the ultrasound data acquisition unit 110. Referring to
FIG. 2, the ultrasound data acquisition unit 110 may include
a transmit (Tx) signal generating section 210, an ultrasound
probe 220, a beam former 230 and an ultrasound data forming
section 240.

The Tx signal generating section 210 may be configured to
generate Tx signals. In one embodiment, the Tx signal gen-
erating section 210 may generate a plurality of Tx signals
with different Tx patterns such that scan-lines are steered at
different steering angles. Thus, a plurality of ultrasound
images corresponding to the respective steering angles may
be obtained. The ultrasound image may include a brightness
mode (B mode) image. However, it should be noted herein
that the ultrasound image may not be limited thereto.

FIG. 3 is a schematic diagram showing an example of a
plurality of steering angles and the plurality of ultrasound
images corresponding to the plurality of steering angles.
Referring to FIG. 3, the Tx signal generating section 210, as
shown in FIG. 2, may generate first Tx signals for obtaining a
firstultrasound image F |, where the scan-lines S, to S,,are not
steered, second Tx signals for obtaining a second ultrasound
image F,, where the scan-lines S, to S, are electronically
steered at a steering angle 6,, and third Tx signals for obtain-
ing a third ultrasound image F,, where the scan-lines S, to S,
are electronically steered at a steering angle 6,.

Referring back to FIG. 2, the ultrasound probe 220 may
include a plurality of elements (not shown) for reciprocally
converting between ultrasound signals and electrical signals.
The ultrasound probe 220 may be configured to transmit
ultrasound signals into the target object in response to the Tx
signals provided from the Tx signal generating section 210.
The ultrasound probe 220 may further receive ultrasound
echo signals reflected from the target object to thereby form
received signals. The received signals may be analog signals.

In one embodiment, the ultrasound probe 220 may transmit
ultrasound signals to the target object in response to the first
Tx signals provided from the Tx signal generation section
210. The ultrasound probe 220 may further receive ultrasound
echo signals reflected from the target object to thereby form
first received signals. The ultrasound probe 220 may further
transmit ultrasound signals to the target object in response to
the second Tx signals provided from the Tx signal generation
section 210. The ultrasound probe 220 may receive ultra-
sound echo signals reflected from the target object to thereby
form second received signals. The ultrasound probe 220 may
further transmit ultrasound signals to the target object in
response to the third Tx signals provided from the Tx signal
generation section 210. The ultrasound probe 220 may further
receive ultrasound echo signals reflected from the target
object to thereby form third received signals.

The beam former 230 may be configured to convert the
received signals into digital signals. The beam former 230
may further apply delays to the digital signals in consider-
ation of focal points and distance between the elements to
thereby form digital receive-focused signals.

In one embodiment, the beam former 230 may convert the
first received signals provided from the ultrasound probe 220
into first digital signals. The beam former 230 may further
apply delays to the first digital signals in consideration of
focal points and distance between the elements to thereby
form first digital receive-focused signals. The beam former

20

25

40

45

60

65

4

230 may further convert the second received signals provided
from the ultrasound probe 220 into second digital signals. The
beam former 230 may further apply delays to the second
digital signals in consideration of focal points and distance
between the elements to thereby form second digital receive-
focused signals. The beam former 230 may further convert
the third received signals provided from the ultrasound probe
220 into third digital signals. The beam former 230 may
further apply delays to the third digital signals in consider-
ation of focal points and distance between the elements to
thereby form third digital receive-focused signals.

The ultrasound data forming section 240 may be config-
ured to form ultrasound data based on the digital receive-
focused signals provided from the beam former 230. The
ultrasound data forming section 240 may further perform
signal processing (e.g., gain control, etc) upon the digital
receive-focused signals.

In one embodiment, the ultrasound data forming section
240 may form first ultrasound data corresponding to the first
ultrasound image F, as shown in FIG. 3 based on the first
digital receive-focused signals provided from the beam
former 230. The ultrasound data forming section 240 may
further form second ultrasound data corresponding to the
second ultrasound image F, as shown in FIG. 3 based on the
second digital receive-focused signals provided from the
beam former 230. The ultrasound data forming section 240
may further form third ultrasound data corresponding to the
third ultrasound image F; as shown in FIG. 3 based on the
third digital receive-focused signals provided from the beam
former 230.

Referring back to FIG. 1, the ultrasound system 100 may
further include a processing unit 120 in communication with
the ultrasound data acquisition unit 110.

FIG. 4 is a flow chart showing a process of forming an
ultrasound spatial compound image. The processing unit 120,
as shown in FIG. 1, may be configured to form the plurality of
ultrasound images based on the plurality of ultrasound data
provided from the ultrasound data acquisition unit 110, at step
S402.

In one embodiment, the processing unit 120 may form the
first ultrasound image F, as shown in FIG. 3 based on the first
ultrasound data provided from the ultrasound data acquisition
unit 110. The processing unit 120 may further form the sec-
ond ultrasound image F, as shown in FIG. 3 based on the
second ultrasound data provided from the ultrasound data
acquisition unit 110. The processing unit 120 may further
form a third ultrasound image F; as shown in FIG. 3 based on
the third ultrasound data provided from the ultrasound data
acquisition unit 110.

The processing unit 120 may be configured to decompose
each of the ultrasound images into a low pass image having a
low frequency component and a high pass image having a
high frequency component, at step S404.

The processing unit 120 may decompose each of the ultra-
sound images into the low pass image and the high pass image
by using a low pass filter as following equation.

1,=I*G, I=I-I, (1)

I represents the ultrasound image, [, represents the low pass
image, I,; represents the high pass image, * represents con-
volution, and G represents the low pass filter. The low pass
filter may include two-dimensional Gaussian filter. However,
it should be noted herein that the low pass filter may be not
limited thereto.

FIG. 5 is a schematic diagram showing an example of
decomposing an ultrasound image into an N (N=z2)-level low
pass image and an N-level high pass image. In another
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embodiment, the processing unit 120 may decompose each of
the ultrasound images [ into a first-level low pass image I and
a first-level high pass image I, by using a first low pass filter.
The processing unit 120 may further decompose the first-
level low pass image I, into a second-level low pass image I,
and a second-level high pass image [, ,, by using a second low
pass filter. A cutoff frequency of the second low pass filter is
lower than that of the first low pass filter. The processing unit
120 may further decompose the second-level low pass image
1, into a third-level low pass image |, ; ; and a third-level high
pass image I, , .- by using a third low pass filter. The cutoff
frequency of the third low pass filter is lower than that of the
second low pass filter.

Referring back to FIG. 4, the processing unit 120 may be
configured to perform a blending process upon the decom-
posed low pass image and high pass image for each of the
ultrasound, at step S406. The blending process may include
an alpha-blending process. However, it should be noted
herein that the blending process may be not limited thereto.

More particularly, the processing unit 120 may detect
boundary lines of the low pass images corresponding to the
plurality of ultrasound images. The processing unit 120 may
detect boundary lines of the high pass images corresponding
to the plurality of ultrasound images. The processing unit 120
may further set blending areas having a predetermined size on
the low pass images and the high pass images based on the
detected boundary lines. The processing unit 120 may further
perform the blending process upon the low pass images and
the high pass images based on the blending areas.

Referring to FIG. 6, the processing unit 120 may detect a
boundary line L; of the low pass image I, corresponding to
the first ultrasound image F, as shown in FIG. 3 and the low
pass image I , corresponding to the second ultrasound image
F, as shownin FIG. 3. The processing unit 120 may further set
ablending area D, having the predetermined size on the low
pass image I;, and the low pass image I;, based on the
boundary line L,. The processing unit 120 may further per-
form the blending process upon the low pass image I, and the
low pass image I;, for applying a first weight value al to
pixels of the blending area D, adjacent to an area NA,, and
applying a second weight value (a2=1-al) to pixels of the
blending area D, adjacent to an area CA ,. The area NA,
may be a non-overlapped area of the low pass image I, and
the low pass image I, ,. In addition, the area CA |, may be an
overlapped area of the low pass image I, and the low pass
image I ,. That is, the weight value, which may be applied to
the blending area D, may vary from al to a2, as going from
a boundary of the area NA |, and the blending area D, and a
boundary of the area CA,, and the blending area D,. As
shown in FIG. 6, the processing unit 120 may further detect a
boundary line I, of the low pass image [, | corresponding to
the first ultrasound image F, as shown in FIG. 3 and the low
pass image [, ; corresponding to the third ultrasound image F,
as shown in FIG. 3. The processing unit 120 may further seta
blending area D, having the predetermined size on the low
pass image I, and the low pass image I,; based on the
boundary line L,. The processing unit 120 may further the
blending process upon the low pass image I, ;, and the low pass
image I ; for applying the first weight value al to pixels of the
blending area D, adjacent to an area NA, ; and applying the
second weight value (a2=1-al) to pixels of the blending area
D, adjacent to an area CA 5. The area NA, ; may be a non-
overlapped area of the low pass image I;, and the low pass
image I, 5. Further, the area CA, ; may be an overlapped area
of the low pass image I;, and the low pass image ;5. The
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processing unit 120 may perform the blending process upon
the high pass images corresponding to the ultrasound images
F, to F, as mentioned above.

The processing unit 120 may be configured to compose the
blended low pass images and high pass images to thereby
form a plurality of restoration images corresponding to the
plurality of ultrasound images at step S408 in FIG. 4.

In one embodiment, the processing unit 120 may compose
the blended low pass image and high pass image correspond-
ing to the first ultrasound image F, as shown in FIG. 3 to
thereby form a first restoration image corresponding to the
first ultrasound image F,. The processing unit 120 may fur-
ther compose the blended low pass image and high pass
image corresponding to the second ultrasound image F, as
shown in FIG. 3 to thereby form a second restoration image
corresponding to the second ultrasound image F,. The pro-
cessing unit 120 may further compose the blended low pass
image and high pass image corresponding to the third ultra-
sound image F, as shown in FIG. 3 to thereby form a third
restoration image corresponding to the third ultrasound
image F.

The processing unit 120 may be configured to perform
spatial compound imaging upon the plurality of restoration
images to thereby form an ultrasound spatial compound
image at step S410. The methods of performing the spatial
compound imaging are well known in the art. Thus, they have
not been described in detail so as not to unnecessarily obscure
the presentinvention. In one embodiment, the processing unit
120 may perform the spatial compound imaging upon the first
restoration image, the second restoration image and the third
restoration image to thereby form the ultrasound spatial com-
pound image.

Referring back to FIG. 1, the ultrasound system may fur-
therinclude a storage unit 130. The storage unit 130 may store
the ultrasound data acquired by the ultrasound data acquisi-
tion unit 110. The storage unit 130 may further store the
plurality of ultrasound images formed by the processing unit
120.

The ultrasound system may further include a display unit
140. The display unit 140 may display the ultrasound spatial
compound image formed by the processing unit 120. The
display unit 140 may further display the plurality of ultra-
sound images formed by the processing unit 120.

In another embodiment, the present invention may provide
a computer readable medium comprising computer execut-
able instructions configured to perform following acts: a)
acquiring a plurality of ultrasound data for obtaining a plu-
rality of ultrasound images corresponding to a plurality of
steering angles; b) forming the plurality of ultrasound image
based on the plurality of ultrasound data; ¢) decomposing
each of the plurality of ultrasound images into a low pass
image having a low frequency component and a high pass
image having a high frequency component; d) performing a
blending process for removing a seam artifact upon the low
pass image and the high pass image for each of the plurality of
ultrasound images; and e) form an ultrasound spatial com-
pound image based on the blended low pass image and high
pass image. The computer readable medium may comprise a
floppy disk, a hard disk, a memory, a compact disk, a digital
video disk, etc.

Although embodiments have been described with refer-
ence 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-
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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

and receive ultrasound signals to and from a target object
based on a plurality of steering angles to thereby output
a plurality of ultrasound data for obtaining a plurality of
ultrasound images corresponding to the steering angles;
and

a processing unit in communication with the ultrasound

data acquisition unit, the processing unit being config-
ured to form the ultrasound images based on the ultra-
sound data, decompose each of the ultrasound images
into a low pass image having a low frequency compo-
nent and a high pass image having a high frequency
component, perform a blending process for removing a
seam artifact upon the low pass image and the high pass
image corresponding to each of the ultrasound images,
form a plurality of restoration images by composing the
blending-processed low and high pass images corre-
sponding to each of the ultrasound images, and form an
ultrasound spatial compound image based on the resto-
ration images,

wherein the processing unit is configured to perform the

blending process upon the low pass image or the high
pass image of one of the plurality of ultrasound images
with the low pass image or the high pass image, respec-
tively, of another one of the plurality of ultrasound
images.

2. The ultrasound system of claim 1, wherein the process-
ing unit is configured to decompose each of the ultrasound
images into the low pass image and the high pass image by
using a low pass filter.

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

detect first boundary lines of the low pass images and

second boundary lines of the high pass images;

set first blending area having a predetermined size on the

low pass images based on the first boundary lines and
second blending areas having the predetermined size on
the high pass images based on the second boundary
lines; and

perform the blending process upon the low pass images and

the high pass images based on the first blending areas
and the second blending areas.

4. The ultrasound system of claim 3, wherein the process-
ing unit is configured to perform the blending process by
applying a first weight value to pixels of the first blending
areas adjacent to a non-overlapped area of the low pass
images, applving a second weight value to pixels of the first
blending areas adjacent to an overlapped area of the low pass
images, applying the first weight value to pixels of the second
blending areas adjacent to a non-overlapped area of the high
pass images, and applying the second weight value to pixels
ofthe second blending areas adjacent to an overlapped area of
the high pass images.

5. The ultrasound system of claim 1, wherein the blending
process comprises an alpha blending process.

6. A method of providing an ultrasound spatial compound
image, comprising:

a) forming a plurality of ultrasound images based on a

plurality of ultrasound data, wherein the ultrasound
images correspond to a plurality of steering angles;
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b) decomposing each of the ultrasound images into a low
pass image having a low frequency component and a
high pass image having a high frequency component;

¢) performing a blending process for removing a seam
artifact upon the low pass image and the high pass image
corresponding to each of the ultrasound images;

d) forming a plurality of restoration images by composing
the blending-processed low and high pass images corre-
sponding to each of the ultrasound images; and

¢) forming an ultrasound spatial compound image based on
the restoration images,

wherein the blending process is performed upon the low
pass image or the high pass image of one of the plurality
of ultrasound images with the low pass image or the high
pass image, respectively, of another one of the plurality
of ultrasound images.

7. The method of claim 6, wherein the step b) comprises:

decomposing each of the ultrasound images by using a low
pass filter.

8. The method of claim 6, wherein the step ¢) comprises:

cl) detecting first boundary lines of the low pass images
and second boundary lines of the high pass images;

c2) setting first blending areas on the low pass images
based on the first boundary lines and second blending
areas on the high pass images based on the second
boundary lines; and

¢3) performing the blending process upon the low pass
images and the high pass images based on the first blend-
ing areas and the second blending areas.

9. The method of claim 8, wherein the step ¢3) comprises:

applying a first weight value to pixels of the first blending
areas adjacent to a non-overlapped area of the low pass
images;

applying a second weight value to pixels of the first blend-
ing areas adjacent to an overlapped area of the low pass
images;

applying the first weight value to pixels of the second
blending areas adjacent to a non-overlapped area of the
high pass images; and

applying the second weight value to pixels of the second
blending areas adjacent to an overlapped area of the high
pass images.

10. The method of claim 6, wherein the blending process

comprises an alpha blending process.

11. A non-transitory computer readable medium compris-
ing computer executable instructions for performing follow-
ing steps of:

a) forming a plurality of ultrasound images based on a
plurality of ultrasound data, wherein the ultrasound
images corresponding to a plurality of steering angles;

b) decomposing each of the ultrasound images into a low
pass image having a low frequency component and a
high pass image having a high frequency component;

¢) performing a blending process for removing a seam
artifact upon the low pass image and the high pass image
corresponding to each of the ultrasound images;

d) forming a plurality of restoration images by composing
the blending-processed low and high pass images; and

e) forming an ultrasound spatial compound image based on
the restoration images,

wherein the blending process is performed upon the low
pass image or the high pass image of one of the plurality
of ultrasound images with the low pass image or the high
pass image, respectively, of another one of the plurality
of ultrasound images.
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