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from a living body to output ultrasound data correspond-
ing to a plurality of frames while applying compression
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to extract frames from a (n-1)th frame to a (n-i)!h frame

on a basis of a nt" frame, wherein n indicates an integer
larger than one and i indicates a positive integer, detect
an optimal frame for forming an elastic image among the
extracted frames by using first displacement between the
nth frame and each of the extracted frames based on the
ultrasound data, calculate second displacement between
the optimal frame and the nth frame based on the ultra-
sound data, and form the elastic image based on the
second displacement.

FIG. 1

100
1?0 ==
STORAGE
UNIT
ULTRASOUND
DATA ACQUISITION |« PROCESSING | DISPLAY
UNIT UNIT UNIT
110 120 140

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 394 581 A1 2

Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2010-0054143 filed on
June 9, 2010.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ul-
trasound systems, and more particularly to providing an
elastic image in an ultrasound system.

BACKGROUND

[0003] Recently, an ultrasound system has been ex-
tensively used in the medical field due to its non-invasive
and non-destructive nature. Modem high-performance
ultrasound imaging systems and techniques are com-
monly used to produce two and three-dimensional ultra-
sound 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 acousticimpedance 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 of the target object
by using mechanical characteristics of the target object.
Such technology is very helpful for diagnosing lesions
such as cancers. The tumor or cancer is relatively stiffer
than the neighboring tissues. Thus, when pressure is uni-
formly applied, a variation of the tumor or cancer is typ-
ically smaller than those of the neighboring tissues.
[0005] The elasticity of a tissue is measured by using
ultrasound 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 vary 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 em-
bodiment, by way of non-limiting example, an ultrasound
system comprises: an ultrasound data acquisition unit
configured to transmit and receive ultrasound signals to
and from a living body to output ultrasound data corre-
sponding to a plurality of frames while applying compres-
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sion to the living body; and a processing unit in commu-
nication with the ultrasound data acquisition unit, the
processing unit being configured to extract frames from
a (n-1)th frame to a (n-i)th frame on a basis of a nth frame,
wherein n indicates an integer larger than one and i in-
dicates a positive integer, detect an optimal frame for
forming an elastic image among the extracted frames by
using first displacement between the nt" frame and each
of the extracted frames based on the ultrasound data,
calculate second displacement between the optimal
frame and the nth frame based on the ultrasound data,
and form the elasticimage based on the second displace-
ment.

[0007] In another embodiment, there is provided a
method of providing an elastic image, comprising: a)
transmitting and receiving ultrasound signals to and from
a living body to output ultrasound data corresponding to
a plurality of frames while applying compression to the
living body; b) extracting frames from a (n-1)th frame to
a (n-i)th frame on a basis of a nth frame, wherein n indi-
cates an integer larger than one and i indicates a positive
integer; c) detecting an optimal frame for forming an elas-
tic image among the extracted frames by using first dis-
placement between the nth frame and each of the ex-
tracted frames based on the ultrasound data; d) calcu-
lating second displacement between the optimal frame
and the nth frame based on the ultrasound data; and e)
forming the elastic image based on the second displace-
ment.

[0008] 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
[0009]

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.
FIG. 3 is a schematic diagram showing an example
of frames.

FIG. 4 is a flow chart showing a process of forming
an elastic image in accordance with a first embodi-
ment.

FIG. 5 is a schematic diagram showing an example
of calculating displacement.

FIG. 6 is a schematic diagram showing an example
of calculating the displacement in accordance with
the embodiment.

FIG. 7 is a schematic diagram showing an example
of a strain threshold range.

FIG. 8 is a flow chart showing a process of forming
the elasticimage in accordance with the second em-
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bodiment.

FIG. 9 is a flow chart showing a process of forming
an elastic image in accordance with a third embod-
iment.

FIG. 10 is a flow chart showing a process of forming
an elastic image in accordance with a fourth embod-
iment.

DETAILED DESCRIPTION

[0010] 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.

[0011] Referring to FIG. 1, an ultrasound system 100
in accordance with an illustrative embodiment is shown.
As depicted therein, the ultrasound system 100 includes
an ultrasound data acquisition unit 110. The ultrasound
data acquisition unit 110 is configured to transmit and
receive ultrasound signals to and from a living body while
applying compression to the target object, and output
ultrasound data. The living body includes a plurality of
target objects (e.g., blood vessels, a heart, a lesion etc.).
[0012] FIG.2isablock diagram showing anillustrative
embodiment of the ultrasound data acquisition unit 110.
Referring to FIG. 2, the ultrasound data acquisition unit
110 includes an ultrasound probe 210, a transmit (Tx)
signal generating section 220, a beam former 230 and
an ultrasound data forming section 240.

[0013] The ultrasound probe 210 applies the compres-
sion provided from an external to the living body. The
ultrasound probe 210 includes a plurality of elements (not
shown) for reciprocally converting between ultrasound
signals and electrical signals. The ultrasound probe 210
is configured to transmit ultrasound signals to the living
body. The ultrasound probe 210 is further configured to
receive ultrasound signals (i.e., ultrasound echo signals)
from the living body and output electrical signals ("re-
ceived signals"). Thereceived signals are analog signals.
The ultrasound probe 210 includes a convex probe, a
linear probe and the like.

[0014] The Tx signal generating section 220 is config-
ured to control the transmission of the ultrasound signals.
The Tx signal generating section 220 is further configured
to generate electrical signals ("Tx signals") in consider-
ation of the elements and focal points. In one embodi-
ment, the Tx signal generating section 220 generates Tx
signals for obtaining a plurality of frames F; (1< i< N) while
applying compression to the living body, as shownin FIG.
3. Thus, the ultrasound probe 210 converts the Tx signals
provided from the Tx signal generating section 220 into
the ultrasound signals, transmit the ultrasound signals to
the living body and receive the ultrasound echo signals
from the living body to thereby output the received sig-
nals. The frame includes a brightness mode image. How-
ever, it should be noted herein that the frame may not be
limited thereto.

[0015] The beam former 230 is configured to convert
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the received signals provided from the ultrasound probe
210 into digital signals. The beam former 230 is further
configured to apply delays to the digital signals in con-
sideration of the elements and the focal points to output
digital receive-focused signals.

[0016] The ultrasound data forming section 240 is con-
figured to form ultrasound data based on the digital re-
ceive-focused signals provided from the beam former
230. The ultrasound data includes radio frequency data.
However, it should be noted herein that the ultrasound
data may not be limited thereto. The ultrasound data
forming section 240 is further configured to perform var-
ious signal processing (e.g., gain adjustment) upon the
digital receive-focused signals. In one embodiment, the
ultrasound data forming section 240 forms the ultrasound
data corresponding to each of the frames F; (1< i< N)
based on the digital receive-focused signals provided
from the beam former 230.

[0017] Referring back to FIG. 1, the ultrasound system
100 further includes a processing unit 120 in communi-
cation with the ultrasound data acquisition unit 110. The
processing unit 120 includes a central processing unit, a
microprocessor or a graphic processing unit. However,
it should be noted herein that the processing unit 120
may not be limited thereto.

[0018] FIG. 4 isaflowchartshowing a process of form-
ing an elastic image in accordance with a first embodi-
ment. The processing unit 120 is configured to calculate
displacement ("first displacement") based on the ultra-
sound data corresponding to a current frame and the
ultrasound data corresponding to a predetermined
number of previous frames, at step S402 in FIG. 4. The
first displacement is roughly calculated.

[0019] Generally, the displacement D;-4, whereiniis a
positive integer, corresponding to an elastic image Ej-4
between a current frame F; and a previous frame Fj-4
was calculated based on the ultrasound data provided
from the ultrasound data acquisition unit 110, as shown
in FIG. 5.

[0020] In the embodiment, the processing unit 120 is
configured to extract the predetermined number of the
previous frames based on the current frame. The
processing unit 120 is further configured to calculate the
first displacement corresponding to the elastic images
between the current frame and each of the previous
frames based on the ultrasound data.

[0021] Asoneexample,the processing unit 120 is con-
figured to extract the predetermined number of the pre-
vious frames F-; to F;-g based on the current frame F;,
as shown in FIG. 6. The processing unit 120 is further
configured to calculate the first displacement D;-4 to D
corresponding to the elastic images E;-; to E;-g between
the current frame F; and each of the previous frames F;-4
to F;-g based on the ultrasound data, as shown in FIG. 6.
[0022] As another example, the processing unit 120 is
configured to extract the predetermined number of the
previous frames F;-4 to F;-g based on the current frame
F;. The processing unit 120 is further configured to set a
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region of interest ("ROI") on the current frame F; and the
extracted previous frames F;- to F-5. The processing unit
120 is further configured to calculate the first displace-
ments between the ROI of the current frame F; and the
ROI of each of the extracted previous frames F;-4 to Fi-g.
[0023] As yet another example, the processing unit
120 is configured to extract the predetermined number
of the previous frames F;-4 to Fi-g based on the current
frame F;. The processing unit 120 is further configured
to calculate axial motions corresponding to the elastic
images E;-4 to E;-g between the current frame F;and each
of the previous frames Fi- to F;-5. The methods of cal-
culating the axial motion (e.g., blocking matching) are
wellknown inthe art. Thus, they have not been described
in detail so as not to unnecessarily obscure the present
invention. The processing unit 120 is further configured
to calculate the first displacement D;_4 to D;- correspond-
ing to the elastic images E;_; to E;-g based on the calcu-
lated axial motions.

[0024] As yet another example, the processing unit
120 is configured to extract the predetermined number
of the previous frames F;-; to F;-g based on the current
frame F;. The processing unit 120 is further configured
to set the ROI on the current frame F; and the previous
frames Fj-; to F;-g. The processing unit 120 is also con-
figured to calculate the axial motions corresponding to
the elastic images E;_; to E;_ g between the current frame
F; and each of the previous frames F; 4 to F;-5. The
processing unit 120 is further configured to calculate the
first displacement D;-; to D;-g corresponding to the elastic
images E- to E;-g based on the calculated axial motions.
[0025] The processing unit 120 is configured to calcu-
late strain corresponding to each of the elastic images
based on the first displacement, at step S404 in FIG. 4.
The methods of calculating the strain are well known in
the art. For example, the processing unit 120 calculates
a differential value of the first displacement as the strain.
[0026] The processing unit 120 is configured to calcu-
late a strain mean value corresponding to each of the
elastic images based on the calculated strain, at step
S406 in FIG. 4.

[0027] The processing unit 120 is configured to com-
pare the calculated strain mean values with a predeter-
mined strain threshold range to detect at least one strain
mean value corresponding to the strain threshold range,
at step S408 in FIG. 4. For example, the processing unit
120 compares each of the strain mean values S;_; to Sj-¢
with the strain threshold range S, to S« to detect
strain mean values S,,, S;3 and Si-g, which are com-
prised in the strain threshold range S, to S as
shown in FIG. 7.

[0028] The processing unit 120 is configured to detect
an optimal previous frame for forming an optimal elastic
image from at least one previous frame corresponding
to the at least one strain mean value, at step 5410 in FIG.
4. For example, the processing unit 120 calculates stand-
ard deviation of the strain for the previous frames F;-,,
F;-3 and F;-g corresponding to the detected strain mean
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values S-5, Si-3 and S;-g. The processing unit 120 further
extracts a previous frame (e.g., F;.3) corresponding to
minimum standard deviation as the optimal.

[0029] Althoughitis described above that the process-
ing unit 120 detects the previous frame corresponding to
the minimum standard deviation as the optimal previous
frame for forming the elastic image, the processing unit
120 further detects the previous frame corresponding to
a strain mean value, which is closest to a predetermined
threshold in the strain threshold range, as the optimal
previous frame. Alternatively, the processing unit 120 de-
tects the previous frame corresponding to a strain mean
value, which is smaller than or larger than the predeter-
mined threshold in the strain threshold range, as the op-
tima previous frame.

[0030] The processing unit 120 is configured to calcu-
late displacement ("second displacement") between the
optimal previous frame and the current frame based on
the ultrasound data provided from the ultrasound data
acquisition unit 110, at step 5412 in FIG. 4. For example,
the processing unit 120 calculates the second displace-
ment between the optimal previous frame F;-3 and the
current frame F; based on the ultrasound data provided
from the ultrasound data acquisition unit 110.

[0031] The processing unit 120 is configured to calcu-
late the strain based on the second displacement, at step
S414 in FIG. 4. The processing unit 120 is configured to
form the optimal elastic image based on the strain, at
step 5416 in FIG. 4. The methods of forming the elastic
image based on the strain are well known in the art. Thus,
they have not been described in detail so as not to un-
necessarily obscure the present invention.

[0032] FIG.8is aflowchartshowing a process of form-
ing an elastic image in accordance with a second em-
bodiment. The processing unit 120 is configured to ex-
tract a predetermined number of previous frames based
on a current frame, at step S802 in FIG. 8.

[0033] The processing unit 120 is configured to per-
form motion tracking (e.g., block matching) between the
current frame and each of the extracted previous frames
to detect lateral motion between the current first frame
and each of the previous first frames, at step S804 in
FIG. 8.

[0034] The processing unit 120 is configured to detect
an optimal previous frame for forming an optimal elastic
image from the extracted previous frames, at step S806
in FIG. 8.

[0035] Forexample, the processing unit 120 compares
the detected lateral motion to detect a previous frame
corresponding to minimum lateral motion. The process-
ing unit 120 further sets the detected previous frame as
the optimal previous frame.

[0036] Althoughitis described above thatthe process-
ing unit 120 detects the lateral motion between the cur-
rent frame and the previous frame, the processing unit
120 further detects elevation motion between a current
three-dimensional frame and a previous three-dimen-
sional frame. The three-dimensional frame includes a
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three-dimensional image. However, it should be noted
herein that the three-dimensional frame may not be lim-
ited thereto.

[0037] The processing unit 120 is configured to calcu-
late strain between the current frame and the optimal
previous frame based on the ultrasound data provided
from the ultrasound data acquisition unit 110, at step
S808 in FIG. 8.

[0038] The processing unit 120 is configured to form
the optimal elastic image based on the calculated strain,
at step S810 in FIG. 8.

[0039] FIG.9is aflow chart showing a process of form-
ing an elastic image in accordance with a third embodi-
ment. The processing unit 120 is configured to calculate
the first displacement based on the ultrasound data cor-
responding to the current frame and the ultrasound data
corresponding to the predetermined number of previous
frames, at step S902 in FIG. 9. The step S902 in FIG. 9
is similar to the step S402 in FIG. 4. Thus, it has not been
described in detail.

[0040] The processing unit 120 is configured to calcu-
late the strain corresponding to each of the elasticimages
based on the first displacement, at step S904 in FIG. 9.
[0041] The processing unit 120 is configured to calcu-
late the strain mean value corresponding to each of the
elastic images based on the calculated strain, at step
S906 in FIG. 9.

[0042] The step S906 in FIG. 9 is similar to the step
S406 in FIG. 4. Thus, it has not been described in detail.
[0043] The processing unit 120 is configured to com-
pare the calculated strain mean values with the strain
threshold range to detect at least one strain mean value
corresponding to the strain threshold range, at step S908
in FIG. 9.

[0044] The processing unit 120 is configured to per-
form the motion tracking (e.g., block matching) between
the current frame and at least one previous frame corre-
sponding to the at least one strain mean value to detect
the lateral motion between the current frame and the at
least one previous frame, at step S910 in FIG. 9.
[0045] Althoughitis described above thatthe process-
ing unit 120 detects the lateral motion between the cur-
rent frame and the previous frame, the processing unit
120 further detects the elevation motion between a cur-
rent three-dimensional frame and a previous three-di-
mensional frame. The three-dimensional frame includes
a three-dimensional image. However, it should be noted
herein that the three-dimensional frame may not be lim-
ited thereto.

[0046] The processing unit 120 is configured to detect
the optimal previous frame for forming an optimal elastic
image, ate step S912in FIG. 9. Forexample, the process-
ing unit 120 compares the detected lateral motion to de-
tect a previous frame corresponding to minimum lateral
motion. The processing unit 120 further sets the detected
previous frame as the optimal previous frame.

[0047] The processing unit 120 is configured to calcu-
late second displacement between the optimal previous
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frame and the current frame based on the ultrasound
data provided from the ultrasound data acquisition unit
110, at step S914 in FIG. 9.

[0048] The processing unit 120 is configured to calcu-
late the strain based on the second displacement, at step
S$914in FIG. 9. The processing unit 120 is configured to
form the optimal elastic image based on the strain, at
step S916 in FIG. 9.

[0049] FIG. 10 is a flow chart showing a process of
forming an elastic image in accordance with a fourth em-
bodiment. The processing unit 120 is configured to cal-
culate the first displacement based on the ultrasound da-
ta corresponding to the current frame and the ultrasound
data corresponding to the predetermined number of pre-
vious frames, at step S1002 in FIG. 10. The step S1002
in FIG. 10 is similar to the step S402 in FIG. 4. Thus, it
has not been described in detail.

[0050] The processing unit 120 is configured to calcu-
late a displacement mean value corresponding to each
of the elastic images based on the displacement, at step
S1004 in FIG. 10.

[0051] The processing unit 120 is configured to com-
pare the displacement mean values with a predetermined
displacement threshold range to detect at least one dis-
placement mean value corresponding to the displace-
ment threshold range, at step S1006 in FIG. 10. The step
S1006 in FIG. 10 is similar to the step S408 in FIG. 4.
Thus, it has not been described in detail.

[0052] The processing unit 120 is configured to detect
the optimal previous frame for forming an optimal elastic
image, at step S1008 in FIG. 10. For example, the
processing unit 120 calculates standard deviation of the
strain for at least one previous frames corresponding to
the at least one displacement mean value. The process-
ing unit 120 further compares the calculated standard
deviation to extract a previous frame corresponding to a
minimum standard deviation. The processing unit 120
further sets the extracted previous frame as the optimal
previous frame.

[0053] Althoughitis described above that the process-
ing unit 120 detects the previous frame corresponding to
the minimum standard deviation as the optimal previous
frame for forming the elastic image, the processing unit
120 further detects the previous frame corresponding to
a displacement mean value, which is closest to a prede-
termined threshold in the displacement threshold range,
as the optimal previous frame, or detect the previous
frame corresponding to a displacement mean value,
which is smaller than or larger than the threshold in the
displacement threshold range, as the optima previous
frame.

[0054] The processing unit 120 is configured to calcu-
late second displacement between the optimal previous
frame and the current frame based on the ultrasound
data provided from the ultrasound data acquisition unit
110, at step S1010 in FIG. 10.

[0055] The processing unit 120 is configured to calcu-
late the strain based on the second displacement, at step
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S 1012in FIG. 10. The processing unit 120 is configured
to form the optimal elastic image based on the strain, at
step S 1014 in FIG. 10.

[0056] Referring back to FIG. 1, the ultrasound system
100 further includes a storage unit 130. The storage unit
130 stores the ultrasound data acquired by the ultra-
sound data acquisition unit 110. The storage unit 130
further stores the displacement and the strain calculated
by the processing unit 120.

[0057] The ultrasound system 100 further includes a
display unit 140. The display unit 140 displays the elastic
image formed by the processing unit 120. The display
unit 140 further displays the frames formed by the
processing unit 120.

[0058] 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 prin-
ciples of this disclosure. More particularly, numerous var-
iations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications inthe component parts and/or arrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims
1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured
totransmit and receive ultrasound signals to and
from a living body to output ultrasound data cor-
responding to a plurality of frames while applying
compression to the living body; and

a processing unit in communication with the ul-
trasound data acquisition unit, the processing
unit being configured to extract frames from a
(n-Nth frame to a (n-i) th frame on a basis of a
nth frame, wherein n indicates an integer larger
than one andiindicates a positive integer, detect
an optimal frame for forming an elastic image
among the extracted frames by using first dis-
placement between the nth frame and each of
the extracted frames based on the ultrasound
data, calculate second displacement between
the optimal frame and the nth frame based on
the ultrasound data, and form the elastic image
based on the second displacement.

2. The ultrasound system of Claim 1, wherein the
processing unit is configured to:

calculate the first displacement between the nth
frame and each of the extracted frames based
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on the ultrasound data;

calculate first strain based on the first displace-
ment;

calculate strain mean values based on the first
strain;

compare the strain mean values with a prede-
termined strain threshold range to detect atleast
one strain mean value corresponding to the pre-
determined strain threshold range;

detect the optimal frame base on the at least
one strain mean value;

calculate the second displacement between the
nth frame and the optimal frame based on the
ultrasound data; and

form the elastic image based on the second dis-
placement.

3. The ultrasound system of Claim 2, wherein the
processing unit is configured to:

calculate standard deviation of the first strain for
at least one frame corresponding to the at least
one strain mean value; and

extract a frame corresponding to minimum
standard deviation as the optimal frame.

4. The ultrasound system of Claim 2, wherein the
processing unit is further configured to:

set a region of interest on each of the frames
from the nth frame to the (n-i) th frame; and
calculate the first displacement corresponding
to the region of interest.

5. The ultrasound system of Claim 2, wherein the
processing unit is further configured to:

perform motion tracking between the nth frame
and each of the extracted frames to calculate
axial motion; and

calculate the first displacement based on the ax-
ial motion.

6. The ultrasound system of Claim 2, wherein the
processing unit is further configured to:

set a region of interest on each of the frames
from the nth frame to the (n-i) th frame;

perform motion tracking between the region of
interest corresponding to the nth frame and the
region of interest corresponding to each of the
extracted frames to calculate axial motion; and
calculate the first displacement based on the ax-
ial motion.

7. The ultrasound system of Claim 1, the processing
unit is configured to;
perform motion tracking between the nth frame and
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each of the extracted frames based on the ultra-
sound data to calculate lateral motion or elevation
motion; and

detect the optimal frame corresponding to minimum
lateral or elevation motion among the extracted
frames based on the lateral motion or elevation mo-
tion.

8. The ultrasound system of Claim 1, the processing
unit is configured to:

calculate the first displacement between the nth
frame and each of the extracted frames based
on the ultrasound data;

calculate first strain based on each of the first
displacement;

calculate strain mean values based on the first
strain;

compare the strain mean values with a prede-
termined strain threshold range to detect atleast
one strain mean value corresponding to the
strain threshold range;

perform motion tracking between the nth frame
and at least one frame corresponding to the at
least one strain mean value to detect lateral mo-
tion or elevation motion;

detect the optimal frame corresponding to min-
imum lateral or elevation motion from the atleast
one frame corresponding to the at least one
strain mean value based on the lateral motion
or the elevation motion;

calculate the second displacement between the
optimal frame and the nt" frame based on the
ultrasound data;

calculate second strain based on the second dis-
placement; and

form the elastic image based on the second
strain.

9. The ultrasound system of Claim 1, the processing
unit is configured to:

calculate the first displacement between the nth
frame and each of the extracted frames based
on the ultrasound data;

calculate displacement mean values based on
each of the first displacement;

compare the displacement mean values with a
predetermined displacement threshold range to
detect at least one displacement mean value
corresponding to the displacement threshold
range;

detect the optimal frame corresponding to min-
imum standard deviation based on the at least
one displacement mean value corresponding to
the displacement threshold range;

calculate the second displacement between the
optimal frame and the nt" frame based on the
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12

ultrasound data;

calculate second strain based on the second dis-
placement; and

form the elastic image based on the second
strain.

10. A method of forming an elastic image, comprising:

a) transmitting and receiving ultrasound signals
to and from a living body to output ultrasound
data corresponding to a plurality of frames while
applying compression to the living body;

b) extracting frames from a (n-1)t" frame to a (n-
i)th frame on a basis of a nt" frame, wherein n
indicates an integer larger than one and i indi-
cates a positive integer;

c) detecting an optimal frame for forming an
elastic image among the extracted frames by
using first displacement between the nth frame
and each of the extracted frames based on the
ultrasound data;

d) calculating second displacement between the
optimal frame and the nth frame based on the
ultrasound data; and

e) forming the elastic image based on the sec-
ond displacement.

11. The method of Claim 10, wherein the step c) com-
prises:

c1) calculating the first displacement between
the nth frame and each of the extracted frames
based on the ultrasound data;

c2) calculating first strain based on the first dis-
placement;

c3) calculate strain mean values based on the
first strain;

c4) comparing the strain mean values with a pre-
determined strain threshold range to detect at
least one strain mean value corresponding to
the predetermined strain threshold range; and
c5) detecting the optimal frame base on the at
least one strain mean value.

12. The method of Claim 11, wherein the step c5) com-
prises:

calculating standard deviation of the first strain
for at least one frame corresponding to the at
least one strain mean value; and

extracting a frame corresponding to minimum
standard deviation as the optimal frame.

13. The method of Claim 10, wherein the step c) com-
prises:

performing motion tracking between the nth
frame and each of the extracted frames based
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on the ultrasound data to calculate lateral motion

or elevation motion; and

detecting the optimal frame corresponding to
minimum lateral or elevation motion among the
extracted frames based on the lateral motionor 5
elevation motion.

14. The method of Claim 10, the step c) comprises:

calculating the first displacement between the 170
nth frame and each of the extracted frames
based on the ultrasound data;
calculating first strain based on each of the first
displacement;
calculating strain mean values based on the first 15
strain;
comparing the strain mean values with a prede-
termined strain threshold range to detect at least
one strain mean value corresponding to the
strain threshold range; 20
performing motion tracking between the nth
frame and at least one frame corresponding to
the at least one strain mean value to detect lat-
eral motion or elevation motion; and
detecting the optimal frame corresponding to 256
minimum lateral or elevation motion from the at
least one frame corresponding to the at least
one strain mean value based on the lateral mo-
tion or the elevation motion.

30

15. The method of Claim 10, the step c) comprises:

calculating the first displacement between the

nth frame and each of the extracted frames
based on the ultrasound data; 35
calculating displacement mean values based on
each of the first displacement;

comparing the displacement mean values with

a predetermined displacement threshold range

to detect at least one displacement mean value 40
corresponding to the displacement threshold
range; and

detecting the optimal frame corresponding to
minimum standard deviation based on the at
leastone displacementmean value correspond- 45
ing to the displacement threshold range.

50

55



EP 2 394 581 A1

FIG. 1
100
1:330 -
STORAGE
UNIT
DA%TE@S&%?ON . .| PROCESSING|, | DISPLAY
UNIT UNIT UNIT
110 120 140
FIG. 2
110
220 —
Tx SIGNAL
GENERATING
SECTION
ULTRASOUND BEAM yellaivivy
PROBE FORMER DATA FORMING
SECTION

) ) )

210 230 240



EP 2 394 581 A1

FIG. 3

10

n-1




EP 2 394 581 A1

FIG. 4

( START )

CALCULATING FIRST DISPLACEMENT —— 5402
CALCULATING STRAIN —— 5404
CALCULATING STRAIN MEAN VALUES — 35406

DETECTING AT LEAST ONE STRAIN MEAN VALUE ——5408

DETECTING OPTIMAL PREVIOUS FRAME —— 5410
CALCULATING SECOND DISPLACEMENT — 5412
CALCULATING STRAIN — 5414
FORMING ELASTIC IMAGE ——S416

\
( END )

11



EP 2 394 581 A1

FIG. 5

2 3 4 9

/NSNS

NSNS NN

1 2 3 4
FIG. 6
Fig Fis Fia Fis Fio Fia ‘ Fi
Eis Eis Eiy Eis Eio Ei4

12



EP 2 394 581 A1

FIG. 7
strain
Si4
Si5 ﬂ
Smax ________% ________________________________________
s — i
Smin —————————————————————————————————————
—_S
Sy lboooo T
3
e

13



EP 2 394 581 A1

FIG. 8

( START)

EXTRACT A PREDETERMINED NUMBER

OF PREVIOUS FRAMES 5802

PERFORMING MOTION TRACKING ~ ——S804

A

DETECTING OPTIMAL PREVIOUS FRAME [—~—S806

CALCULATING STRAIN ——35808

\

FORMING ELASTIC IMAGE ——S5810

\

END

14



EP 2 394 581 A1

FIG. 9

( START )

CALCULATING FIRST DISPLACEMENT

— 5902

A

CALCULATING STRAIN

— 5904

CALCULATING STRAIN MEAN VALUE

— 5906

DETECTING AT LEAST ONE STRAIN MEAN VALUE

~——5908

PERFORMING M

ATION TRACKING

— 5910

CALCULATING SECOND DISPLACEMENT

— 5912

CALCULAT!

NG STRAIN

— 3914

FORMING ELASTIC IMAGE

—— 5916

A
( END )

15



EP 2 394 581 A1

FIG. 10

( START )

CALCULATING FIRST DISPLACEMENT ——51002

\

CALCULATING DISPLACEMENT MEAN VALUE [——51004

DETECTING AT LEAST ONE STRAIN MEAN VALUE ——51006

DETECTING OPTIMAL PREVIOUS FRAME — 51008
CALCULATING SECOND DISPLACEMENT 51010
CALCULATING STRAIN — 51012
FORMING ELASTIC IMAGE —S51014

A
( END )

16



EP 2 394 581 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 11 16 8935

[JP]) 8 August 2007 (2007-08-08)
* figure 12 *

[

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A EP 1 665 987 Al (HITACHI MEDICAL CORP 1-15 INV.
[JP]) 7 June 2006 (2006-06-07) A61B8/08
* paragraphs [0010], [0060] *
* figures 1,13 *
A WO 2009/001077 A2 (ISIS INNOVATION [GB]; [1-15
KADOUR MICHAEL JOSEPH [GB] ISIS INNOVATION
[GB];) 31 December 2008 (2008-12-31)
* figure 2 *
A EP 1 815 796 Al (HITACHI MEDICAL CORP 1-15

TECHNICAL FIELDS
SEARCHED (IPC)

A61B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 20 September 2011 Willig, Hendrik

EPO FORM 1503 03.82 (P04C01)

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

17




EP 2 394 581 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 11 16 8935

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0458

20-09-2011
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1665987 Al 07-06-2006 WO 2005025425 Al 24-03-2005
JP 4685633 B2 18-05-2011
US 2007112267 Al 17-05-2007
WO 2009001077 A2 31-12-2008  EP 2160136 A2 10-03-2010
JP 2010531185 A 24-09-2010
US 2010179413 Al 15-07-2010
EP 1815796 Al 08-08-2007 CN 101060813 A 24-10-2007
WO 2006054635 Al 26-05-2006
US 2009124903 Al 14-05-2009

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

18




EP 2 394 581 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« KR 1020100054143 [0001]

19



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
RE(F)
£ AR

H At FF 3Tk
EINE 22

BEG®)

EBFERSHRAREEG

EP2394581A1 K (2E)R
EP2011168935 FiEH
ZERERKER a4t

=EMEDISON CO. , LTD.

= EMEDISON CO. , LTD.

PARK SANG SHIK

PARK, SANG SHIK
A61B8/08

A61B5/0053 A61B8/0833 A61B8/485 G01S57/52042 A61B5/0048

SCHMID , WOLFGANG

1020100054143 2010-06-09 KR

EP2394581B1

Espacenet

QFTRATRAERERGHXES. £ N6+ , BFERESHE

BEBIERIRET (110) , HEENOENELEBEESHNEDE
BYEBES , IEX A YA 0 0 i B A & S T 2Ry =

HIEAEET (120) , BTRESENMME (n-1) RIS (n) MERER
b, B, nRRATINERY , iRTEEYR , BIERAETEFHREN
SEntiAZMIER M2 B 5 — % | RN AT ERERAY bR R
BENREM , ETEFREITESREMMSEnMZ ANE LB  HE

THEoUBEREEE K,

2011-12-14

2011-06-07

FIG. 1

patsnap

STORAGE
UNIT

|

ULTRASOUND
DATA ACQUISITION
UNIT

PROCESSING

UNIT

DISPLAY
UNIT

|

110

)

120

S

140


https://share-analytics.zhihuiya.com/view/f0d28050-b026-4640-853c-20ed96767360
https://worldwide.espacenet.com/patent/search/family/044562724/publication/EP2394581A1?q=EP2394581A1

