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ULTRASOUND IMAGE PROCESSING BASED
ON MOTION DEGREE OF ULTRASOUND
PROBE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2009-0114280 filed on Nov. 25,
2009, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ultra-
sound signal processing, and more particularly to ultrasound
image processing based on a motion degree of an ultrasound
probe in an ultrasound system.

BACKGROUND

[0003] Recently, anultrasound system has been extensively
used in the medical field due to its non-invasive and non-
destructive nature. Modern high-performance ultrasound
imaging diagnostic systems and techniques are commonly
used to produce two- or three-dimensional ultrasound images
of internal features of patients. To provide the ultrasound
images, the ultrasound system operates in various image
modes such as a brightness mode, a Doppler mode, an elastic
image mode and the like to acquire ultrasound images for
diagnosis.

[0004] Generally, the ultrasound system transmits ultra-
sound signals to a target object and receives echo signals to
thereby form an ultrasound image. The transmission and
reception of the ultrasound signals may be repeatedly carried
out in a sequential manner so that a plurality of ultrasound
images may be formed.

[0005] The ultrasound system may operate in various
modes, e.g., a brightness mode, a Doppler mode, an elasticity
mode, a 3-dimensional mode and the like. When the Doppler
mode or the elasticity mode is selected, it is preferable that an
ultrasound probe for transmission and reception of ultrasound
signals is kept at an identical position on a target object to
obtain better images in such modes. However, since the sur-
face of a human body is curved and a user’s hand may be
moved, it may be difficult to keep the ultrasound probe at the
fixed position. Thus, image qualities in such modes may be
degraded due to the motion of the ultrasound image.

SUMMARY

[0006] Embodiments for processing an image based on a
motion degree of an ultrasound probe in an ultrasound system
are disclosed herein. In one embodiment, by way of non-
limiting example, an ultrasound system includes: an ultra-
sound acquisition unit including an ultrasound probe for
transmitting ultrasound signals to a target object and receiv-
ing echo signals, the ultrasound acquisition unit being con-
figured to form a plurality of ultrasound data based on the
echo signals; and a processing unit coupled to the ultrasound
acquisition unit and being configured to form first to N
ultrasound images by using the plurality of ultrasound data,
wherein N is a positive integer greater than 1, the processing
unit being further configured to estimate a motion degree of
an ultrasound probe and process the N* ultrasound image
based on the motion degree.
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[0007] In another embodiment, a method of estimating a
motion degree of an ultrasound probe to process an ultra-
sound image in an ultrasound system, comprises: a) transmit-
ting ultrasound signals to a target object and receiving echo
signals to form a plurality of ultrasound data based on the
echo signals; b) forming first to N ultrasound images by
using the plurality of ultrasound data, wherein N is a positive
integer greater than 1; ¢) estimating a motion degree of an
ultrasound probe by using the ultrasound images; and d)
processing the N ultrasound image based on the motion
degree.

[0008] In yet another embodiment, a method of estimating
a motion degree of an ultrasound probe to process an ultra-
sound image in an ultrasound system, comprises: a) transmit-
ting ultrasound signals to a target object and receiving echo
signals to form a plurality of ultrasound data based on the
echo signals; b) forming first to N* ultrasound images by
using the plurality of ultrasound data, wherein N is a positive
integer greater than 1; ¢) sensing a position of the ultrasound
probe to form a sensing signal; d) estimating a motion degree
of an ultrasound probe based on the sensing signal; and e)
processing the N ultrasound image based on the motion
degree.

[0009] 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 itintended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0011] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0012] FIG. 3 is a block diagram showing an illustrative
embodiment of a processing unit.

[0013] FIG. 4is a schematic diagram showing an example
of processing an ultrasound image according to a motion
degree of an ultrasound probe.

DETAILED DESCRIPTION

[0014] 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.

[0015] Referring to FIG. 1, an illustrative embodiment of
an ultrasound system 100 is shown. As depicted therein, the
ultrasound system 100 may include an ultrasound data acqui-
sition unit 110, a processing unit 120 and a display unit 130.
In one embodiment, the ultrasound system 100 may further
include a user input unit 140, a sensing unit 150 and a storage
unit 160.

[0016] The ultrasound data acquisition unit 110 may be
configured to transmit ultrasound signals to a target object
and receive echo signals reflected from the target object to
thereby acquire ultrasound data. As shown in FIG. 2, the
ultrasound data acquisition unit 110 may include a transmit
signal forming section 111. The transmit signal forming sec-
tion 111 may be configured to form transmit signals accord-
ing to image modes such as a brightness mode (B-mode), a
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Doppler mode (D-mode), a color Doppler mode (C-mode), an
elasticity mode, a 3-dimensional mode and the like. The
transmit signal forming section 111 may repeatedly form
transmit signals in a sequential manner to thereby form a
plurality of transmit signals.

[0017] The ultrasound data acquisition unit 110 may fur-
ther include an ultrasound probe 112, which is coupled to the
transmit signal forming section 111. The ultrasound probe
112 may include transducer elements that may be configured
to output ultrasound signals, which may be propagated into
the target object, in response to the transmit signals. The
ultrasound probe 112 may receive echo signals reflected from
the target object to thereby output receive signals. The ultra-
sound probe 112 may include a 3-dimensional mechanical
probe, a 2-dimensional probe and the like.

[0018] 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 receive signals to thereby output
digital signals. The beam forming section 113 may be further
configured to apply delays to the digital signals in consider-
ation of distances between the transducer elements and focal
points, thereby forming a plurality of receive-focused signals.
[0019] 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 a plurality of
ultrasound data based on the receive-focused signals.

[0020] The processing unit 120, which is coupled to the
ultrasound data acquisition unit 110, is configured to form a
plurality of ultrasound images based on the plurality of ultra-
sound data. The processing unit 120 may be further config-
ured to estimate a motion of the ultrasound probe 112 and
process the ultrasound images based on the estimated motion.
The operation of the processing unit 120 will be described in
detail with reference to FIG. 3.

[0021] FIG. 3 is a block diagram showing an illustrative
embodiment of the processing unit 120. The processing unit
120 may include an ultrasound image forming section 121, a
motion estimating section 122 and a correcting section 123.
[0022] The image forming section 121 may be configured
to form the ultrasound images based on the ultrasound data,
which may be provided from the ultrasound data acquisition
unit 110. The image forming section 121 may repeatedly
form the ultrasound images based on the plurality of ultra-
sound data, which may be provided from the ultrasound data
acquisition unit 110, in a sequential manner. The ultrasound
images may be sequentially stored in the storage unit 160.
[0023] The motion estimating section 122 may be config-
ured to estimate a motion degree of the ultrasound probe 112.
In one embodiment, the motion estimating section 122 may
be configured to compare an initially formed ultrasound
image (“first ultrasound image”) with an N* ultrasound
image to thereby estimate a motion degree of the ultrasound
probe 112, wherein N is a positive integer equal to or greater
than 2.

[0024] In one embodiment, the motion estimating section
122 may be configured to select a plurality of first feature
points 211-214 in a first ultrasound image 210, as shown in
FIG. 4, and define the first feature points 211-214 as reference
feature points. The feature points may be selected by using
pixel values of pixels consisting of the ultrasound images. For
example, the motion estimating section 122 may be config-
ured to segment the first ultrasound image into a plurality of
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blocks and select a pixel having a highest pixel value in each
of the blocks. The selected pixel may be determined as the
feature point in each of the blocks.

[0025] The motion estimating section 122 may be further
configured to extract a plurality of second feature points
221-224 from a second ultrasound image 220, as shown in
FIG. 4. A region indicated by chain lines in FIG. 4 may
represent a non-overlapped region with the first ultrasound
image. The motion estimating section 122 may be further
configured to perform motion tracking between the first fea-
ture points 211-214 and the second feature points 221-224 to
thereby estimate the motion degree of the ultrasound probe
112 (“first motion degree™). In one embodiment, the motion
tracking may be performed by using an evalvation matrix
including mean squared error (MME), sum of absolute dif-
ferences (SAD), mean absolute difference (MAD), sum of
square errors (SSE) and sum of absolute transformed differ-
ence (SATD), or direct methods including block matching
algorithm, phase correlation and frequency domain methods,
pixel recursive algorithm and optical flow. The motion esti-
mating section 122 may be further configured to extract a
plurality of third feature points 231-234 from a third ultra-
sound image 230, as shown in FIG. 4. The motion estimating
section 122 may perform motion tracking between the first
feature points 211-214 and the third feature points 231-234 to
thereby estimate a motion degree (“second motion degree”).

[0026] In another embodiment, the motion estimating sec-
tion 122 may be configured to detect a plurality of contour
points from a first ultrasound image and define a first contour
of the target object in the first ultrasound image based on the
detected contour points. The motion estimating section 122
may define the first contour as a reference contour. The con-
tour points may be detected by using well-known methods.
The motion estimating section 122 may be further configured
to detect a plurality of contour points from an N* ultrasound
image and define an N contour of the target object in the N**
ultrasound image based on the detected contour points. The
motion estimating section 122 may perform the motion track-
ing between the first contour and the N* contour to thereby
estimate a motion degree of the ultrasound probe 112.

[0027] In yet another embodiment, the motion estimating
section 122 may be configured to define a first contour of the
target object on the first ultrasound image based on input
information provided from the user input unit 140. The input
information may include information for defining a contour
of the target object on the ultrasound image. In one embodi-
ment, the user input unit 140 may include a control panel, a
mouse, a keyboard and the like. The motion estimating sec-
tion 122 may be further configured to define an N* contour of
the target object on the N” ultrasound image based on input
information. The motion estimating section 122 may be con-
figured to perform motion tracking between the first contour
and the N contour to thereby estimate a motion degree of the
ultrasound probe 112.

[0028] Instill yet another embodiment, the motion estimat-
ing section 122 may receive a sensing signal from the sensing
unit 150 to estimate a motion degree of the ultrasound probe
112 between the first ultrasound image and an N* ultrasound
image. The motion estimating section 122 may define a sens-
ing signal, which may be initially provided from the sensing
unit 150, as a reference sensing signal. The motion estimating
section 122 may be configured to compare the reference
sensing signal with a sensing signal, which may be newly
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provided from the sensing unit 150, to thereby estimate a
motion degree of the ultrasound probe 112.

[0029] Theimage processing section 123, which is coupled
to the motion estimating section 122, may be configured to
perform image processing upon the plurality of ultrasound
images based on the estimated motion degree. The image-
processed ultrasound images may be stored in the storage unit
160.

[0030] In one embodiment, the image processing section
123 may be configured to analyze the first motion degree
between the first ultrasound image 210 and the second ultra-
sound image 220, which are shown in FIG. 4, to determine
whether or not the first motion degree is 0. If the motion
degree is not 0, 1.e., it is determined that the ultrasound probe
112 is moved from an initial position, then the image process-
ing section 123 may be configured to determine similarity
between the first ultrasound image 210 and the second ultra-
sound image 220. The image processing section 123 may be
configured to extract a portion 220' of the second ultrasound
image 220, which is similar to the first ultrasound image 210,
based on the determined similarity. The image processing
section 123 analyze the second motion degree between the
first ultrasound image 210 and the third ultrasound image
230, which are shown in FIG. 4, to determine whether or not
the second motion degree is 0. If the motion degree is 0, i.e.,
it is determined that the ultrasound probe 112 is not moved
from an initial position, then the image processing section
123 may not perform the image processing upon the third
ultrasound image 230.

[0031] In one embodiment, the image processing section
123 may be further configured to perform filtering (e.g., aver-
age filtering, etc.) upon the ultrasound images, which have
been sequentially stored in the storage unit 160, i.e., the
ultrasound images with the motion corrected. Thus, enhanced
ultrasound images may be provided.

[0032] In one embodiment, it has been described that the
ultrasound image similar to the first ultrasound image is only
extracted by using the estimated motion degree. In another
embodiment, when the motion of the ultrasound probe
occurs, data corresponding to non-overlapped regions
between a first ultrasound image and an N ultrasound image
may be obtained through interpolation further to the ultra-
sound image similar to the first ultrasound image.

[0033] The display unit 130 may display the ultrasound
images and the image-processed ultrasound images, which
may be formed in the processing unit 120. The display unit
140 may include at least one of a cathode ray tube (CRT)
display, a liquid crystal display (LCD), an organic light emit-
ting diode (OLED) display and the like.

[0034] The sensing unit 150 may be mounted on a prede-
termined location of the ultrasound probe 112. The sensing
unit 150 may be configured to sense a position of the ultra-
sound probe 112, e.g., 3-dimensional position to thereby out-
put a sensing signal. Any type of devices capable of sensing
the position of the ultrasound probe 112 may be used as the
sensing unit 150. For example, the sensing unit 150 may
include a photo interrupter, a hole sensor, a magnetic sensor,
an encoder and the like.

[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 scope of the principles of this disclosure.
More particularly, numerous variations and modifications are
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possible in the component parts and/or arrangements 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 acquisition unit including an ultrasound

probe for transmitting ultrasound signals to a target
object and receiving echo signals, the ultrasound acqui-
sition unit being configured to form a plurality of ultra-
sound data based on the echo signals; and

aprocessing unit coupled to the ultrasound acquisition unit

and configured to form first to N* ultrasound images by
using the plurality of ultrasound data, wherein N is a
positive integer greater than 1, the processing unit being
further configured to estimate a motion degree of an
ultrasound probe and process the N* ultrasound image
based on the motion degree.

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

an ultrasound image forming section configured to form

the first to N* ultrasound images based on the plurality
of ultrasound data;

amotion estimating section configured to compare the first

ultrasound image with the N ultrasound image to esti-
mate a motion degree of the ultrasound probe; and

an image processing section configured to process the N

ultrasound image based on the estimated motion degree.

3. The ultrasound system of claim 2, wherein the motion
estimating section is configured to extract a plurality of first
feature points from the first ultrasound image and a plurality
of second feature points from the N” ultrasound image, and
perform motion tracking by using the first and second feature
points to estimate the motion degree.

4. The ultrasound system of claim 2, wherein the motion
estimating section is configured to detect a plurality of con-
tour points from the first ultrasound image and define a first
contour of the target object in the first ultrasound image based
on the detected contour points, detect a plurality of contour
points from the N* ultrasound image and define an N con-
tour of the target object in the N* ultrasound image based on
the detected contour points, and perform the motion tracking
between the first contour and the N” contour to estimate the
motion degree.

5. The ultrasound system of claim 2, wherein the motion
estimating section is configured to define a first contour of the
target object on the first ultrasound image based on user input
information, define an N contour of the target object on the
N ultrasound image based on user input information, and
perform motion tracking between the first contour and the N**
contour to estimate the motion degree.

6. The ultrasound system of claim 2, wherein the image
processing unit is configured to analyze the motion degree to
determine whether or not the motion degree is 0, and deter-
mine, when the motion degree is not 0, similarity between the
first ultrasound image and the N™ ultrasound image, the
image processing unit being further configured to extract a
portion similar to the first ultrasound image from the N
ultrasound image.

7. The ultrasound system of claim 1, further comprising a
sensing unit mounted on a predetermined position of an ultra-
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sound probe and configured to sense a position of the ultra-
sound probe to thereby output a sensing signal.

8. The ultrasound system of claim 7, wherein the process-
ing unit includes:

an ultrasound image forming section configured to form
the first to N ultrasound images based on the plurality
of ultrasound data;

a motion estimating section configured to estimate a
motion degree of the ultrasound probe between the first
ultrasound image and the N” ultrasound image based on
the sensing signal; and

an image processing section configured to process the N
ultrasound image based on the estimated motion degree.

9. The ultrasound system of claim 8, wherein the image
processing unit is configured to analyze the motion degree to
determine whether or not the motion degree is 0, determine,
when the motion degree is not 0, similarity between the first
ultrasound image and the N ultrasound image, extract a
portion similar to the first ultrasound image from the N*
ultrasound image.

10. The ultrasound system of claim 1, further comprising a
storage unit configured to store the ultrasound images
sequentially.

11. The ultrasound system of claim 10, wherein the pro-
cessing unit is configured to perform filtering upon the ultra-
sound images stored in the storage unit.

12. A method of estimating a motion degree of an ultra-
sound probe to process an ultrasound image in an ultrasound
system, comprising:

a) transmitting ultrasound signals to a target object and
receiving echo signals to form a plurality of ultrasound
data based on the echo signals;

b) forming first to N* ultrasound images by using the
plurality of ultrasound data, wherein N is a positive
integer greater than 1;

¢) estimating a motion degree of an ultrasound probe by
using the ultrasound images; and

d) processing the N* ultrasound image based on the motion
degree.

13. The method of claim 12, wherein the step c) includes:

extracting a plurality of first feature points from the first
ultrasound image;

extracting a plurality of second feature points from the N*
ultrasound image; and

performing motion tracking by using the first and second
feature points to estimate the motion degree.

14. The method of claim 12, wherein the step c) includes:

detecting a plurality of contour points from the first ultra-
sound image;

defining a first contour of the target object in the first
ultrasound image based on the detected contour points,
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detecting a plurality of contour points from the N ultra-
sound image;

defining an N” contour of the target object in the N”*
ultrasound image based on the detected contour points;
and

performing the motion tracking between the first contour
and the N* contour to estimate the motion degree.

15. The method of claim 12, wherein the step ¢) includes:

defining a first contour of the target object on the first
ultrasound image based on user input information;

defining an N” contour of the target object on the N*
ultrasound image based on user input information;

performing motion tracking between the first contour and
the N* contour to estimate the motion degree.

16. The method of claim 12, wherein the step c) includes:

analyzing the motion degree to determine whether or not
the motion degree is 0;

determining, when the motion degree is not 0, similarity
between the first ultrasound image and the N”* ultra-
sound image; and

extracting a portion similar to the first ultrasound image
from the N” ultrasound image.

17. The method of claim 12, further comprising:

e) storing the image-processed ultrasound images; and

f) performing filtering upon the stored ultrasound images.

18. A method of estimating a motion degree of an ultra-

sound probe to process an ultrasound image in an ultrasound
system, comprising:

a) transmitting ultrasound signals to a target object and
receiving echo signals to form a plurality of ultrasound
data based on the echo signals;

b) forming first to N” ultrasound images by using the
plurality of ultrasound data, wherein N is a positive
integer greater than 1;

¢) sensing a position of the ultrasound probe to form a
sensing signal;

d) estimating a motion degree of an ultrasound probe based
on the sensing signal; and

&) processing the N* ultrasound image based on the motion
degree.

19. The method of claim 18, wherein the step e) includes:

analyzing the motion degree to determine whether or not
the motion degree is 0;

determining, when the motion degree is not 0, similarity
between the first ultrasound image and the N” ultra-
sound image; and

extracting a portion similar to the first ultrasound image
from the N” ultrasound image.

20. The method of claim 18, further comprising:

f) storing the image-processed ultrasound images; and

2) performing filtering upon the stored ultrasound images.
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