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(57) ABSTRACT

Embodiments for forming an elastic image in an ultrasound
system are disclosed. In one embodiment, an ultrasound data
acquisition unit is configured to transmit/receive first ultra-
sound signals to/from a target object to output first ultrasound
data and to transmit/receive second ultrasound signals for
applying an acoustic radiation force impulse (ARFI) to/from
the target object to output second ultrasound data. An image
forming unit is configured to form a reference image based on
the first ultrasound data and to form an ARFI image based on
the second ultrasound data. A processing unit is connected to
the ultrasound data acquisition unit and the image forming
unit. The processing unit is configured to detect first feature
points of the target object in the reference image, to detect
second feature points of the target object in the ARFI image
and to calculate stress data at each of the first feature points
based on the first and second feature points. The processing
unit is further configured to form an elastic image based on
the stress data.
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FORMATION OF AN ELASTIC IMAGE IN AN
ULTRASOUND SYSTEM

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2008-0082181 filed on Aug. 22,
2008, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to ultrasound sys-
tems, and more particularly to the formation of an elastic
image in an ultrasound systen.

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 systems and techniques are commonly used to pro-
duce two dimensional ultrasound images and three-dimen-
sional ultrasound images of internal features of patients.
[0004] Generally, the ultrasound image is displayed in a
Brightness mode (B-mode) by using reflectivity caused by an
acoustic impedance difference between the tissues of a target
object. However, if the reflectivity of the target object is
hardly different from those of the neighboring tissues such as
tumor, cancer or the like, then it is not easy to recognize the
target object in the B-mode image. Further, an ultrasound
elastic imaging technology has been developed to display an
image ofthe target object by using mechanical characteristics
of the target object. Such technology is very helpful for diag-
nosing lesions such as cancers. The tumor or cancer is rela-
tively stiffer than the neighboring tissues. Thus, when a pres-
sure is uniformly applied, a variation of the tumor or cancer is
typically smaller than those of the neighboring tissues.
[0005] The elasticity of a tissue is measured by using ultra-
sound data obtained before and after applying the pressure to
the tissue. A compression plate mounted on an ultrasound
probe may be used to apply the pressure to the tissue. A user
may press the compression plate on the target object, thereby
applying the pressure to the tissues of the target object. In
such a case, strain data in the tissues may be varied according
to the pressure applied by the user. Thus, the video quality of
an elastic image may be changed according to the pressure
applied to the tissue.

SUMMARY

[0006] Embodiments for forming an elastic image 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/receive first ultrasound signals to/from a target object to
output first ultrasound data and to transmit/receive second
ultrasound signals for applying an acoustic radiation force
impulse (ARFI) to/from the target object to output second
ultrasound data; an image forming unit configured to form a
reference image based on the first ultrasound data and to form
an ARFI image based on the second ultrasound data; and a
processing unit connected to the ultrasound data acquisition
unit and the image forming unit, the processing unit being
configured to detect first feature points of the target object in
the reference image, to detect second feature points of the
target object in the ARFI image and to calculate stress data at
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each of the first feature points based on the first and second
feature points, the processing unit being further configured to
form an elastic image based on the stress data.

[0007] In another embodiment, there is provided a method
of forming an elastic image in an ultrasound system, com-
prising: a) transmitting/receiving by using an ultrasound data
acquisition unit within the ultrasound system first ultrasound
signals to/from a target object to output first ultrasound data;
b) forming by using an image forming unit within the ultra-
sound system a reference image based on the first ultrasound
data; ¢) detecting by using a processing unit within the ultra-
sound system first feature points of the target object in the
reference image; d) transmitting/receiving by using the ultra-
sound data acquisition unit within the ultrasound system sec-
ond ultrasound signals for applying an acoustic radiation
force impulse (ARFI) to/from the target object to output
second ultrasound data; ) forming by using the image form-
ing unit within the ultrasound system an ARFI image based on
the second ultrasound data; f) detecting by using the process-
ing unit within the ultrasound system second feature points of
the target object in the ARFI image; g) calculating by using
the processing unit within the ultrasound system stress data at
each of the first feature points based on the first and second
feature points; and h) forming by using the processing unit
within the ultrasound system an elastic image based on the
stress data.

[0008] Inyetanotherembodiment, there is provided a com-
puter readable medium comprising computer executable
instructions configured to perform following acts: a) trans-
mitting/receiving first ultrasound signals to/from a target
object to output first ultrasound data; b) forming a reference
image based on the first ultrasound data; ¢) detecting first
feature points of the target object in the reference image; d)
transmitting/receiving second ultrasound signals for applying
an acoustic radiation force impulse (ARFI) to/from the target
object to output second ultrasound data; e) forming an ARFI
image based on the second ultrasound data; f) detecting sec-
ond feature points of the target object in the ARFI image; g)
calculating stress data at each of the first feature points based
on the first and second feature points; and h) forming an
elastic image based on the stress data.

[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 it intended 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 within the
ultrasound system as shown in FIG. 1.

[0012] FIG. 3 is a block diagram showing an illustrative
embodiment of a processing unit within the ultrasound sys-
tem as shown in FIG. 1.

[0013] FIG. 4is a schematic diagram showing an example
of feature points.

DETAILED DESCRIPTION

[0014] A detailed description may be provided with refer-
ence to the accompanying drawings. One of ordinary skill in
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the art may realize that the following description is illustrative
only and is not in any way limiting. Other embodiments ofthe
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0015] Referring to FIG. 1, an ultrasound system 100 in
accordance with an illustrative embodiment is shown. As
depicted therein, the ultrasound system 100 may include an
ultrasound data acquisition unit 110 configured to transmit/
receive ultrasound signals to/from a target object to thereby
acquire ultrasound data. The ultrasound data acquisition unit
110 may include a transmit (Tx) signal generating section
111, as shown in FIG. 2.

[0016] Referringto FIG. 2, the Tx signal generating section
111 may be operable to generate first Tx signals. The Tx
signal generating section 111 may be further operable to
generate second Tx signals in consideration of first feature
points of the target object in a reference image. The first
feature points and the reference image may be defined as
below.

[0017] The ultrasound data acquisition unit 110 may fur-
ther include an ultrasound probe 112 containing a plurality of
elements for reciprocally converting between ultrasound sig-
nals and electrical signals. The ultrasound probe 112 may be
operable to transmit first ultrasound signals to the target
objectinresponse to the first Tx signals. The ultrasound probe
112 may be further operable to receive echo signals reflected
from the target object to thereby output first received signals.
The ultrasound probe 112 may be further operable to transmit
second ultrasound signals for applying an acoustic radiation
force impulse (ARFI) to the target object in response to the
second Tx signals so that the compression to the target object
can be performed. The second ultrasound signals may be
focused on each of the first feature points. The ultrasound
probe 112 may be also operable to receive echo signals
reflected from the target object to thereby output second
received signals.

[0018] The ultrasound data acquisition unit 110 may fur-
ther include a beam former 113. The beam former 113 may be
operable to convert the first received signals into first digital
signals. The beam former 113 may be further operable to
apply delays to the first digital signals in consideration of a
distance between the elements and focal points to thereby
output first digital receive-focused signals. The beam former
113 may be operable to convert the second received signals
into second digital signals. The beam former 113 may be
further operable to apply delays to the second digital signals
in consideration of a distance between the elements and focal
points (i.e., first feature points) to thereby output second
digital receive-focused signals.

[0019] The ultrasound data acquisition unit 110 may fur-
ther include an ultrasound data forming section 114. The
ultrasound data forming section 114 may be operable to form
first ultrasound data based on the first digital receive-focused
signals. The ultrasound data forming section 114 may be
further operable to form second ultrasound data based on the
second digital receive-focused signals.

[0020] Referring back to FI1G. 1, the ultrasound system 100
may further include an image forming unit 120. The image
forming unit 120 may be operable to form the reference image
based on the first ultrasound data. The reference image may
include one of a brightness mode (B mode) image and a
three-dimensional image. The image forming unit 120 may
be further operable to an ARFI image based on the second
ultrasound data.
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[0021] The ultrasound system 100 may further include a
processing unit 130 that may be connected to the ultrasound
data acquisition unit 110 and the image forming unit 120. The
processing unit 130 may include a feature point detecting
section 131, as shown in FIG. 3.

[0022] Referring to FIG. 3, the feature point detecting sec-
tion 131 may be operable to detect the first feature points of
the target object in the reference image. The feature point
detecting section 131 may be further operable to detect sec-
ond feature points of the target object in the ARFI image. The
first and second feature points may include boundary points
of the target object. However, the feature points may not be
limited thereto. Also, the first and second feature points may
be detected based on a variation of brightness determined by
using a differential operator. In one embodiment, the feature
point detecting section 131 may be configured to detect the
feature points by using an edge mask such as Sobel, Prewitt,
Robert, Canny and the like. In another embodiment, the fea-
ture point detecting section 131 may be configured to detect
the feature points based on a difference of eigenvalues using
a structure tensor.

[0023] The processing unit 130 may further include a
motion data estimating section 132. The motion data estimat-
ing section 132 may be operable to identify matching points
between the first feature points and the second feature points
to estimate motion data based on the identified matching
points. In one embodiment, the estimation of the motion data
may be performed by using various image processing tech-
niques such as an optical flow, a block matching, etc. How-
ever, the estimation of the motion data may not be limited
thereto.

[0024] The processing unit 130 may further include a stress
data calculating section 133. The stress data calculating sec-
tion 133 may be operable to calculate stress data (hereinafter
referred to as “first stress data”) of the respective first feature
points by using the estimated motion data and an amplitude
(or power) of the second ultrasound signals. For example,
under the assumption that the target object of a flat shape
absorbs ultrasound signals, the stress calculating section 133
may be operable to calculate the stress data (F) of the respec-
tive first feature points as in the following equation:

F= Wabxorbed _ % (1)
B c B 4

wherein, W, ..., tepresents power absorbed by the target
object at a predetermined spatial position, ¢ represents a
sound velocity in the target object, o represents an absorption
coefficient of the target object, and I represents a temporal
average intensity at a predetermined point.

[0025] The processing unit 130 may further include an
interpolating section 134. The interpolating section 134 may
be operable to interpolate the first stress data to thereby cal-
culate stress data (hereinafter referred to as “second stress
data”) corresponding to pixels of an elastic image. In one
embodiment, the interpolating section 134 may be operable to
detect two adjacent first feature points at each of the first
feature points EP, as shown in FIG. 4. The interpolating
section 134 may be further operable to interpolate the first
stress data at each of the first feature points and the first stress
data of the detected two adjacent first feature points to thereby
calculate the second stress data corresponding to pixels of the
elastic image.
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[0026] The processing unit 130 may further include an
elastic image forming section 135. The elastic image forming
section 135 may be operable to form the elastic image based
on the second stress data provided from the interpolating
section 134.

[0027] Referring back to FIG. 1, the ultrasound system 100
may further include a display unit 140 configured to display
the elastic image provided from the image processing unit
130. The display unit 140 may be one of a liquid crystal
display, a cathode ray tube, a plate display and the like
capable of displaying the elastic image. However, the display
unit 140 may not be limited thereto. Also, the reference image
and the ARFTimage may be displayed on the display unit 140.
[0028] 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/
receive first ultrasound signals to/from a target object to
output first ultrasound data and to transmit/receive sec-
ond ultrasound signals for applying an acoustic radiation
force impulse (ARFI) to/from the target object to output
second ultrasound data;

an image forming unit configured to form a reference
image based on the first ultrasound data and to form an
ARFT image based on the second ultrasound data; and

a processing unit connected to the ultrasound data acqui-
sition unit and the image forming unit, the processing
unit being configured to detect first feature points of the
target object in the reference image, to detect second
feature points of the target object inthe ARFI image and
to calculate stress data at each of the first feature points
based on the first and second feature points, the process-
ing unit being further configured to form an elastic
image based on the stress data.

2. The ultrasound system of claim 1, wherein the ultra-
sound data acquisition unit is configured to focus the second
ultrasound signals on each of the first feature points.

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

a feature point detecting section configured to detect the
first feature points of the target object in the reference
image and to detect the second feature points of the
target object in the ARFI image;

a motion data estimating section configured to identify
matching points between the first feature points and the
second feature points and to estimate motion data based
on the identified matching points;

astress data calculating section configured to calculate first
stress data at each of first feature points based on the
estimated motion data;

an interpolating section configured to interpolate the first
stress data to calculate second stress data corresponding
to pixels of the elastic image; and
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an elastic image forming section configured to form the
elastic image based on the second stress data.

4. The ultrasound system of claim 3, wherein the interpo-
lating section is configured to detect two adjacent first feature
points at each of the first feature points and to interpolate the
first stress data at each of the feature points and the first stress
data at the detected two adjacent first feature points.

5. The ultrasound system of claim 1, wherein the reference
image comprises one of a brightness mode image and a three-
dimensional image.

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

a) transmitting/receiving by using an ultrasound data
acquisition unit within the ultrasound system first ultra-
sound signals to/from a target object to output first ultra-
sound data;

b) forming by using an image forming unit within the
ultrasound system a reference image based on the first
ultrasound data;

¢) detecting by using a processing unit within the ultra-
sound system first feature points of the target object in
the reference image;

d) transmitting/receiving by using the ultrasound data
acquisition unit within the ultrasound system second
ultrasound signals for applying an acoustic radiation
force impulse (ARFI) to/from the target object to output
second ultrasound data;

e) forming by using the image forming unit within the
ultrasound system an ARFI image based on the second
ultrasound data;

f) detecting by using the processing unit within the ultra-
sound system second feature points of the target object
in the ARFI image;

) calculating by using the processing unit within the ultra-
sound system stress data at each of the first feature points
based on the first and second feature points; and

h) forming by using the processing unit within the ultra-
sound system an elastic image based on the stress data.

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

focusing the second ultrasound signals on each of the first
feature points.

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

g1) identifying matching points between the first feature
points and the second feature points;

22) estimating motion data based on the identified match-
ing points;

23) calculating first stress data at each of first feature points
based on the estimated motion data; and

g4) interpolating the first stress data to calculate second
stress data corresponding to pixels of the elastic image.

9. The method of claim 8, wherein the step g4) comprises:

detecting two adjacent first feature points at each of the first
feature points; and

interpolating the first stress data at each of the feature
points and the first stress data at the detected two adja-
cent first feature points to calculate the second stress
data.

10. The method of claim 6, wherein the reference image
comprises one of a brightness mode image and a three-di-
mensional image.

11. A computer readable medium comprising computer
executable instructions configured to perform following acts:

a) transmitting/receiving first ultrasound signals to/from a
target object to output first ultrasound data;
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b) forming a reference image based on the first ultrasound
data;

¢) detecting first feature points of the target object in the
reference image;

d) transmitting/receiving second ultrasound signals for
applying an acoustic radiation force impulse (ARFI)
to/from the target object to output second ultrasound
data;

e) forming an ARFI image based on the second ultrasound
data;

1) detecting second feature points of the target object in the
ARFT image;

2) calculating stress data at each of the first feature points
based on the first and second feature points; and

h) forming an elastic image based on the stress data.

12. The computer readable medium of claim 11, wherein

the act d) comprises:

focusing the second ultrasound signals on each of the first
feature points.

13. The computer readable medium of claim 11, wherein

the act g) comprises:
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g1) identifying matching points between the first feature
points and the second feature points;
£2) estimating motion data based on the identified match-
ing points;
23) calculating first stress data at each of first feature points
based on the estimated motion data; and
g4) interpolating the first stress data to calculate second
stress data corresponding to pixels of the elastic image.
14. The computer readable medium of claim 11, wherein
the act g4) comprises:
detecting two adjacent first feature points at each of the first
feature points; and
interpolating the first stress data at each of the feature
points and the first stress data at the detected two adja-
cent first feature points to calculate the second stress
data.
15. The computer readable medium of claim 11, wherein
the reference image comprises one of a brightness mode
image and a three-dimensional image.
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