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ultrasound system are disclosed. In one embodiment, a
processing unit sets windows on a pre-compression
frame and a post-compression frame, and performs a
correlation operation between the first and second
frames within the windows to compute displacements for
a third frame, wherein the processing unit selects at least

one of previously set windows at an (N-i)th row by refer-
ring to current windows positioned at a Nt row in an axial
direction, computes an initial displacement based on dis-
placements corresponding to the selected at least one
of windows, and determines a range for moving the cur-
rent window on the second frame in the axial direction
based on the computed initial displacement.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2010-0081432 filed on
August 23, 2010.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ul-
trasound systems, and more particularly to an ultrasound
system configured to provide a strain image.

BACKGROUND

[0003] Anultrasound system hasbecome animportant
and popular 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 im-
ages of internal features of an object (e.g., human or-
gans).

[0004] Generally, the ultrasound image is displayed in
a Brightness-mode (B-mode) by using reflectivity caused
by an acousticimpedance difference between the tissues
of the target object. However, if the reflectivity of the tar-
getobjectis 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.
[0005] To cope with the problem of recognizing the tu-
mor, cancer and the like in the B-mode, an ultrasound
elasticity imaging has been developed to visualize the
mechanical characteristics of the tissues based on dif-
ferences responsive to pre-compression and post-com-
pression. Such imaging proved very helpful for diagnos-
ing lesions such as tumor and cancer, which otherwise
are hardly recognized in the B-mode image. The ultra-
sound elasticity imaging may utilize the scientific property
that the elasticity of the tissues is related to a pathological
phenomenon. For example, the tumor or cancer is rela-
tively stiffer than the surrounding normal tissues. Thus,
when stress is uniformly applied, a strain of the tumor or
cancer may be typically smaller than those of the sur-
rounding tissues. Strain is deformation of a target object
due to stress applied per area and Young’s modulus may
be defined as a ratio of stress over strain. The strain is
a differential value of a displacement. The displacement
may indicate how much tissues in the target object are
moved between pre-compression and post-compres-
sion.

[0006] The ultrasound system may set a window on
each of the pre-compression frame data and post-com-
pression frame data, and move the window in an axial
direction for a correlation operation therebetween, there-
by obtaining displacements. In such a case, when a po-
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sition gap between the windows set on the pre-compres-
sion frame data and the post-compression frame data is
beyond a range of a phase, a decorrelation error may
occur.

[0007] Conventionally, the ultrasound system is con-
figured to determine aninitial displacementfrom a current
position of the window (i.e., displacement that has al-
ready been computed in an axial direction at a current
position of the window) and move the window by the initial
displacement to compute a displacement in order to re-
move the decorrelation error. In such a case, however,
if an error in the initial displacement occurs, then an error
is maintained in an axial direction. Thus, a dropout, i.e.,
a horizontal line in a strain image, may be generated.

SUMMARY

[0008] Embodiments for forming correcting a dropout
in strain imaging in an ultrasound system are disclosed
herein. In one embodiment, by way of non-limiting exam-
ple, an ultrasound system comprises: an ultrasound data
acquisition unit configured to acquire first ultrasound data
for a first frame wherein compression is not applied to a
target object and second ultrasound data for a second
frame wherein compression is applied to the target ob-
ject; and a processing unit configured to set windows on
the respective first and second frames, move the win-
dows in axial and lateral directions and perform a corre-
lation operation between the first and second frames
within the windows to compute displacements to deter-
mine pixel values of a third frame, the processing unit
being further configured to form a strain image based on
the computed displacements, wherein the processing
unit is configured to select at least one of previously set
windows at an (N-i)th row by referring to current windows
positioned at a Nt row in an axial direction on the re-
spective first and second frames, compute an initial dis-
placement based on displacements corresponding to the
selected at least one of windows, and determine a range
for moving the current window on the second frame in
the axial direction based on the computed initial displace-
ment, wherein N is an integer greater than 1 and i is an
integer greater than 0 but less than N.

[0009] In another embodiment, a method of providing
a strain image, comprises: a) acquiring first ultrasound
data for a first frame wherein compression is not applied
to a target object; b) acquiring second ultrasound data
for a second frame wherein compression is applied to
the target object; c) setting windows on the respective
first and second frames; d) moving the windows in axial
and lateral directions and performing a correlation oper-
ation between the first and second frames within the win-
dows to compute displacements to determine pixel val-
ues of a third frame, wherein the step d) includes select-
ing at least one of previously set windows at an (N-i)th
row by referring to current windows positioned at a Nth
row in an axial direction on the respective firstand second
frames, computing an initial displacement based on dis-
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placements corresponding to the selected at least one
of windows, and determining a range for moving the cur-
rent window on the second frame in the axial direction
based on the computed initial displacement, wherein N
is an integer greater than 1 and i is an integer greater
than 0 but less than N; and e) forming a strain image
based on the computed displacements.

[0010] In yet another embodiment, there is provided a
computer-readable storage medium storing instructions
that, when executed by a computer, cause the computer
to perform a method of providing a strainimage, the meth-
od comprising: a) acquiring first ultrasound data for a first
frame where compression is notapplied to a target object;
b) acquiring second ultrasound data for a second frame
where compression is applied to the target object; c¢) set-
ting windows on the respective first and second frames;
d) moving the windows in axial and lateral directions and
performing a correlation operation between the first and
second frames within the windows to compute displace-
ments to determine pixel values of a third frame, wherein
the step d) includes selecting at least one of previously
set windows at an (N-i)th row by referring to current win-
dows positioned at a Nt" row in an axial direction on the
respective first and second frames, computing an initial
displacement based on displacements corresponding to
the selected at least one of windows, and determining a
range for moving the current window on the second frame
in the axial direction based on the computed initial dis-
placement, wherein N is an integer greater than 1 and i
is aninteger greater than 0 but less than N; and e) forming
a strain image based on the computed displacements.
[0011] The Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used in
determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG 1 is a block diagram showing an illustrative em-
bodiment of an ultrasound system.

FIG 2 is a block diagram showing an illustrative em-
bodiment of an ultrasound data acquisition unit of
FIG 1.

FIGS. 3 to 5 are diagrams showing examples of de-
termining an initial displacement.

DETAILED DESCRIPTION

[0013] A detailed description may be provided with ref-
erence 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 sug-
gest themselves to such skilled persons having the ben-
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efit of this disclosure.

[0014] Referring to FIG 1, an ultrasound system con-
structed in accordance with one embodiment is shown.
The ultrasound system 100 includes an ultrasound data
acquisition unit 110, a processing unit 120, a storage unit
130 and a display unit 140.

[0015] The ultrasound data acquisition unit 110 is con-
figured 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 obj ect. An operation of the ultrasound acqui-
sition unit will be described in detail by referring to FIG 2.
[0016] FIG 2is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 110.
Referring to FIG 2, the ultrasound data acquisition unit
110 includes a transmit signal forming section 210. The
transmit signal forming section 210 generates a plurality
of transmit signals and apply delays to the transmit sig-
nals.

[0017] The ultrasound data acquisition unit 110 further
includes an ultrasound probe 220, which is coupled to
the transmit signal forming section 210. The ultrasound
probe 220 includes an array transducer containing a plu-
rality of transducer elements for reciprocal conversion
between electric signals and ultrasound signals. The ul-
trasound probe 220 is configured to transmit ultrasound
signals in response to the transmit signals. The ultra-
sound probe 220 is further configured to receive ultra-
sound echoes reflected from the target object to thereby
output receive signals. In one embodiment, the receive
signals include first receive signals obtained without ap-
plying compression to the target object and second re-
ceive signals obtained with applying compression to the
target object. The compression is applied by using the
ultrasound probe 220. In such a case, a compression
plate may be mounted around a front side of the ultra-
sound probe 220. In another embodiment, an additional
device for compressing the target object may be em-
ployed.

[0018] The ultrasound data acquisition unit 110 further
includes a beam forming section 230, which is coupled
to the ultrasound probe 220. The beam forming section
230 is configured to digitize the electrical receive signals
into digital signals. The beam forming section 230 also
applies delays to the digital signals in consideration of
distances between the elements of the ultrasound probe
220 and focal points. The beam forming section 230 fur-
ther sums the delayed digital signals to form receive-
focused signals. In one embodiment, the beam forming
section 230 forms first receive-focused signals based on
the first receive signals and second receive-focused sig-
nals based on the second receive signals.

[0019] The ultrasound data acquisition unit 110 further
includes an ultrasound data forming section 240, which
is coupled to the beam forming section 230. The ultra-
sound data forming section 240 is configured to form ul-
trasound frame data sets corresponding to a plurality of
frames based on the receive-focused signals. The ultra-
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sound frame data sets include RF data sets or in-phase/
quadrature (IQ) data sets. However, the ultrasound data
may not be limited thereto. The ultrasound data forming
section 240 is further configured to perform a variety of
signal processing (e.g., gain adjustment, filtering, etc.)
upon the receive-focused signals. In one embodiment,
the ultrasound data include a first ultrasound frame data
set formed based on the first receive-focused signals and
a second ultrasound frame data set formed based on the
second receive-focused signals.

[0020] Referring back to FIG 1, the processing unit
120, which is coupled to the ultrasound data acquisition
unit 110, is configured to set windows having predeter-
mined sizes on a first frame corresponding to the first
ultrasound data and a second frame corresponding to
the second ultrasound data, respectively. The process-
ing unit 120 is further configured to move the windows
set on the respective first and second frames in lateral
and axial directions of the frames and perform a corre-
lation operation between the windows to compute dis-
placements in the corresponding windows for forming a
frame corresponding to a strain image (hereinafter, re-
ferred to as "third frame"). In one embodiment, when the
window is currently positioned at a location correspond-
ing to an Nt row in an axial direction in the third frame
F3, the processing unit 120 is configured to select pre-
determined numbers of windows, which were set ata (N-
i)th row, by referring to the currently positioned window,
wherein N is an integer greater than 1 and i is an integer
equal to or greater than 1. The processing unit 120 is
configured to determine an initial displacement for mov-
ing the window on the second frame based on the dis-
placements within the predetermined numbers of win-
dows. The initial displacement may be a displacement
for moving the window on the second frame without caus-
ing a decorrelation error.

[0021] In one embodiment, the processing unit 120 is
configured to select predetermined numbers (e.g., five)
of windows (hatched regions), which were previously set
to determine pixel values at a (N-1)t row Cy_4 of the third
frame F3 on the respective first and second frames, by
referring to a current window, which is set to determine
pixel values at an Nth row Cy in an axial direction, as
shown in FIG 3. The processing unit 120 is configured
to determine an initial displacement based on displace-
ments associated with the selected five windows. In such
a case, the initial displacement for a first row C; may be
determined according to the conventional method. In one
embodiment, the initial displacement may a median value
of displacements at the selected windows; however, it
may not be limited thereto.

[0022] Inanotherembodiment, the processingunit 120
is configured to select one window (hatched region),
which was set to determine pixel values at a (M-k)th row
Cy.k of the third frame F3 on the respective first and sec-
ond frames, by referring to a current window, which is
set to determine pixel values at an Nt row of the third
frame in an axial direction, as shown in FIG 4, wherein

10

15

20

25

30

35

40

45

50

55

k is an integer greater than 1. The processing unit 120
is further configured to determine a displacement corre-
sponding to the selected window as an initial displace-
ment.

[0023] Inanotherembodiment,the processingunit120
is configured to select predetermined numbers of win-
dows (hatched regions), which were set at a (M-k)th row
Cpx in the third frame F3, by referring to a current win-
dow, which is set at an Nt row in an axial direction, as
shown in FIG 5, wherein k is an integer greater than 1.
The processing unit 120 is further configured to deter-
mine an initial displacement based on displacements at
the selected windows. The initial displacement may a
median value of displacements at the selected windows.
[0024] ReferringbacktoFIG 1, the processing unit 120
is configured to determine a moving range of the window
on the second frame in an axial direction based on the
determined initial displacement and move the window on
the second frame based on the moving range. The
processing unit 120 is configured to compute a displace-
ment atthe moved window and form a strain image based
on the displacement. Since the formation of the strain
image based on the displacement is performed by using
various well-known methods, its detailed explanation will
be omitted herein.

[0025] The storage unit 130 is configured to store the
ultrasound data acquired in the ultrasound data acquisi-
tion unit 110. The storage unit 130 is configured to further
store the displacements, which are computed in the
processing unit 120. The display unit 140 is configured
to display the strain image, which is formed in the
processing unit 120. Also, the display unit 140 displays
the frames formed in the processing unit 120.

[0026] In another embodiment, there is provided a
computer-readable storage medium storing instructions
that, when executed by a computer, cause the computer
to perform a method of providing a strainimage, the meth-
od comprising: a) acquiring first ultrasound data for afirst
frame where compression is not applied to atarget object;
b) acquiring second ultrasound data for a second frame
where compression is applied to the target object; c) set-
ting windows on the respective first and second frames;
d) moving the windows in axial and lateral directions and
performing a correlation operation between the first and
second frames within the windows to compute displace-
ments to determine pixel values of a third frame, wherein
the step d) includes selecting at least one of previously
set windows at an (N-i)t" row by referring to current win-
dows positioned at a Nt" row in an axial direction on the
respective first and second frames, computing an initial
displacement based on displacements corresponding to
the selected at least one of windows, and determining a
range for moving the current window on the second frame
in the axial direction based on the computed initial dis-
placement, wherein N is an integer greater than 1 and i
is aninteger greater than 0 but less than N; and e) forming
a strain image based on the computed displacements.
[0027] Although embodiments have been described
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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, nu-
merous variations and modifications are possible in the
component parts and/or arrangements of the subject
combination arrangement within the scope of the disclo-
sure, the drawings and the appended claims. In addition
to variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims
1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured
to acquire first ultrasound data for a first frame
wherein compression is not applied to a target
object and

second ultrasound data for a second frame
wherein compression is applied to the target obj
ect; and

a processing unit configured to set windows on
the respective first and second frames, move
the windows in axial and lateral directions and
perform a correlation operation between the first
and second frames within the windows to com-
pute displacements to determine pixel values of
a third frame, the processing unit being further
configured to form a strain image based on the
computed displacements,

wherein the processing unit is configured to se-
lect at least one of previously set windows at an
(N-i)th row by referring to current windows posi-
tioned at a Nth row in an axial direction on the
respective first and second frames,

compute an initial displacement based on dis-
placements corresponding to the selected at
least one of windows, and determine a range for
moving the current window on the second frame
in the axial direction based on the computed in-
itial displacement, wherein N is an integer great-
er than 1 and i is an integer greater than 0 but
less than N.

2. The ultrasound system of Claim 1, wherein the
processing unit is configured to select previously set
windows adjacent to the current window at an (N-
1)th row.

3. The ultrasound system of Claim 1, wherein the
processing unitis configured to select one previously
set window positioned at an identical column to the
current window at an (N-k)th row.
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4. The ultrasound system of Claim 1, wherein the
processing unit is configured to select a plurality of
previously set windows positioned at an (N-k)th row.

5. The ultrasound system of Claim 1, wherein the initial
displacement includes a median value of displace-
ments.

6. A method of providing a strain image, comprising:

a) acquiring first ultrasound data for a first frame
wherein compression is not applied to a target
object;

b) acquiring second ultrasound data for a sec-
ond frame wherein compression is applied to
the target object;

c) setting windows on the respective first and
second frames;

d) moving the windows in axial and lateral direc-
tions and performing a correlation operation be-
tween the first and second frames within the win-
dows to compute displacements to determine
pixel values of a third frame, wherein the step
d) includes selecting at least one of previously
set windows at an (N-i)t" row by referring to cur-
rent windows positioned at a Nth row in an axial
direction on the respective first and second
frames, computing aninitial displacement based
on displacements corresponding to the selected
at least one of windows, and determining a
range for moving the current window on the sec-
ond frame in the axial direction based on the
computed initial displacement, wherein N is an
integer greater than 1 and i is an integer greater
than 0 but less than N; and

e) forming a strain image based on the comput-
ed displacements.

7. The method of Claim 6, wherein the step d) including
selecting previously set windows adj acentto the cur-
rent window at an (N-1)t row.

8. The method of Claim 6, wherein the step d) includes
selecting one previously set window positioned at an
identical column to the current window at an (N-k)th
row.

9. The method of Claim 6, wherein the step d) includes
selecting a plurality of previously set windows posi-
tioned at an (N-k)th row.

10. The method of Claim 6, wherein the initial displace-
ment includes a median value of displacements.

11. A computer-readable storage medium storing in-
structions that, when executed by a computer, cause
the computer to perform a method of providing a
strain image, the method comprising:
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a) acquiring first ultrasound data for a first frame
wherein compression is not applied to a target
object;

b) acquiring second ultrasound data for a sec-
ond frame wherein compression is applied to
the target object;

c) setting windows on the respective first and
second frames;

d) moving the windows in axial and lateral direc-
tions and performing a correlation operation be-
tween the first and second frames within the win-
dows to compute displacements to determine
pixel values of a third frame, wherein the step
d) includes selecting at least one of previously
set windows at an (N-i)th row by referring to cur-
rent windows positioned at a Nt" row in an axial
direction on the respective first and second
frames, computing an initial displacementbased
on displacements corresponding to the selected
at least one of windows, and determining a
range for moving the current window on the sec-
ond frame in the axial direction based on the
computed initial displacement, wherein N is an
integer greater than 1 and i is an integer greater
than 0 but less than N; and

e) forming a strain image based on the comput-
ed displacements.
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