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(54) Formation of an elastic image using an ultrasound apparatus

(57) 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 ultrasound signals to/from a target object to
thereby output first ultrasound data. The ultrasound data
acquisition unit is configured to transmit/receive ultra-
sound signals to/from the target object while applying
pressure to the target object to thereby output second
ultrasound data. A frame image data forming unit is con-
figured to form a first frame image data based on the first

ultrasound data. The frame image data forming unit is
configured to form a second frame image data based on
the second ultrasound data. A processing unit is config-
ured to calculate strain data based on the firstand second
frame image data. The processing unit is configured to
set a reference value based on the strain data. The
processing unit is configured to form an elastic image
based on the reference value. A control unit is coupled
to the ultrasound data acquisition unit, the frame image
data forming unit and the processing unit.
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Description

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2008-0068909 filed on
July 16, 2008, the entire subject matter of which is incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ul-
trasound systems, and more particularly to the formation
of 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 dimensional ultrasound im-
ages and three-dimensional ultrasound images of inter-
nal 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 application of
the pressure to the tissue. A compression plate mounted
on an ultrasound probe may be used to apply the pres-
sure 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 pres-
sure 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/receive ultrasound signals to/from
a target object to thereby output first ultrasound data and
to transmit/receive ultrasound signals to/from the target
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object while applying pressure to the target object to
thereby output second ultrasound data; a frame image
data forming unit configured to form a first frame image
data based on the first ultrasound data, the frame image
data forming unit being further configured to form a sec-
ond frame image data based on the second ultrasound
data; a processing unit configured to calculate strain data
based on the first and second frame image data and to
set a reference value based on the strain data, the
processing unit being further configured to form an elastic
image based on the reference value; and a control unit
coupled to the ultrasound data acquisition unit, the frame
image data forming unit and the processing unit, the con-
trol unit being configured to control transmission/recep-
tion of the ultrasound signals and formation of the first
and second frame image data.

[0007] In another embodiment, there is provided a
method of forming an elastic image in an ultrasound sys-
tem, comprising: a) transmitting/receiving by using an
ultrasound data acquisition unit within the ultrasound sys-
tem ultrasound signals to/from a target object to thereby
output first ultrasound data; b) forming by using a
processing unit within the ultrasound system a first frame
image data based on the first ultrasound data; c) trans-
mitting/receiving by using the ultrasound data acquisition
unit within the ultrasound system ultrasound signals to/
from the target object while applying pressure to the tar-
get object to thereby output second ultrasound data; d)
forming by using the processing unit within the ultrasound
system a second frame image data based on the second
ultrasound data; and e) calculating by using the process-
ing unit within the ultrasound system strain data based
on the first and second frame data, setting a reference
value based on the strain data, and forming an elastic
image based on the reference value.

[0008] In yet another embodiment, there is provided a
computer readable medium comprising computer exe-
cutable instructions configured to perform the following
acts: a) transmitting/receiving ultrasound signals to/from
a target object to thereby output first ultrasound data; b)
forming a first frame image data based on the first ultra-
sound data; c) transmitting/receiving ultrasound signals
to/from the target object while applying pressure to the
target object to thereby output second ultrasound data;
d) forming a second frame image data based on the sec-
ond ultrasound data; and e) calculating strain data based
on the first and second frame data, setting a reference
value based on the strain data, and forming an elastic
image based on the reference value.

[0009] 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

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 block diagram showing an illustrative em-
bodiment of a processing unit.

FIG.4 is a schematic diagram showing an example

of a histogram.

DETAILED DESCRIPTION

[0011] 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-
efit of this disclosure.

[0012] Referring to FIG. 1, an ultrasound system 100
in accordance with an illustrative embodiment is shown.
As depicted therein, the ultrasound system 100 may in-
clude an ultrasound data acquisition unit 110. The ultra-
sound data acquisition unit 110 may be operable to trans-
mit/receive ultrasound signals to/from a target object to
thereby output ultrasound data. The ultrasound data ac-
quisition unit 110 may include a transmit (Tx) signal gen-
erating section 111, as shown in FIG. 2.

[0013] Referring to FIG. 2, the Tx signal generating
section 111 may be operable to generate first Tx signals
before applying pressure to the target object. The Tx sig-
nal generating section 111 may be further operable to
generate second Tx signals while applying the pressure
to the target object.

[0014] The ultrasound data acquisition unit 110 may
further include an ultrasound probe 112 containing a plu-
rality of elements for reciprocally converting between ul-
trasound signals and electrical signals. The ultrasound
probe 112 may be operable to transmit ultrasound signals
into the target object in response 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 received sig-
nals may be analog signals. The ultrasound probe 112
may be further operable to transmit ultrasound signals
into the target object in response to the second Tx sig-
nals. The ultrasound probe 112 may be further operable
to receive echo signals reflected from the target object
to thereby output second received signals.

[0015] The ultrasound data acquisition unit 110 may
further 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 con-
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sideration of distance between the elements and focal
points to thereby output first digital receive-focused sig-
nals. The beam former 113 may be further 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
distance between the elements and focal points to there-
by output second digital receive-focused signals.
[0016] The ultrasound data acquisition unit 110 may
further include an ultrasound data forming section 114.
The ultrasound data forming section 114 may be opera-
ble 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 ul-
trasound data based on the second digital receive-fo-
cused signals.

[0017] Referring back to FIG. 1, the ultrasound system
100 may further include a frame image data forming unit
120 that may be operable to form frame image data. The
frame image may include a brightness mode (B-mode)
image represented with gray scales based on reflectivity
of the ultrasound signals in the target object. The frame
image data forming unit 120 may be operable to form
first frame image data of a first frame image based on
the first ultrasound data. The frame image data forming
unit 120 may be further operable to form second frame
image data of a second frame image based on the second
ultrasound data.

[0018] The ultrasound system 100 may further include
a processing unit 130 that may be operable to form an
elastic image. The processing unit 130 may include a
displacement calculating section 131, as shownin FIG. 3.
[0019] Referring to FIG. 3, the displacement calculat-
ing section 131 may be operable to calculate displace-
ments between the first and second frame image data.
The displacement may be calculated on pixel-by-pixel or
block-by-block basis between the first and second frame
images by using the first and second frame image data.
Also, the displacement may be calculated by using a
cross-correlation or an auto-correlation.

[0020] The processing unit 130 may further include a
strain data calculating section 132. The strain data cal-
culating section 132 may be operable to calculate strain
data based on the displacements.

[0021] The processing unit 130 may further include a
reference value setting section 133 that may be operable
to setareference value. The reference value may include
one of a maximum value of frequency numbers of nu-
merical values of the strain data and a mean value of the
numerical values of the strain data. In one embodiment,
the reference value setting section 133 may be operable
to normalize the strain data to thereby form a histogram
by using the strain data, as shown in FIG. 4. The refer-
ence value setting section 133 may be further operable
to analyze the histogram to thereby detect a maximum
value of frequency numbers of the numerical values of
the strain data. The reference value setting section 133
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may be operable to set the detected maximum value as
the reference value. In one embodiment, the reference
value setting section 133 may be operable to calculate
a mean value of the numerical values of the strain data.
The reference value setting section 133 may be further
operable to set the mean value as the reference value.
[0022] The processing unit 130 may further include an
elastic image forming section 134.

The elastic image forming section 134 may be operable
to form an elastic image based on the reference value.
In one embodiment, the elastic image forming section
134 may be operable to detect strain data that are less
than the reference value. The elastic image forming sec-
tion 134 may be further operable to form the elasticimage
based on the detected strain data. The elasticimage may
be an elastic image of a stiff tissue (e.g., lesion). In one
embodiment, the elastic image forming section 134 may
be operable to detect strain data that are greater than
the reference value. The elastic image forming section
134 may be further operable to form the elastic image
based on the detected strain data. The elasticimage may
be an elastic image of a soft tissue. In one embodiment,
the elastic image forming section 134 may be operable
to detect strain data that are less and greater than the
reference value. The elastic image forming section 134
may be further operable to form the elastic image based
on the detected strain data.

[0023] Referring backto FIG. 1, the ultrasound system
100 may further include a display unit 140. The display
unit 140 may be operable to display the elastic image
formed in the processing unit 130.

[0024] The ultrasound system 100 may further include
a control unit 150. The control unit 150 may be operable
to control the transmission/reception of the ultrasound
signals and formation of the ultrasound data in the ultra-
sound data acquisition unit 110. The control unit 150 may
be further operable to control the formation of first and
second frameimage datain the frame image data forming
unit 120. The control unit 150 may be further operable to
control the formation of the elastic image in the process-
ing unit 130. The control unit 150 may be further operable
to control the display of the elastic image.

[0025] 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, 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.
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Claims
1. Anultrasound system, comprising:

an ultrasound data acquisition unit configured
to transmit/receive ultrasound signals to/from a
target object to thereby output first ultrasound
data and to transmit/receive ultrasound signals
to/from the target object while applying a pres-
sure to the target object to thereby output sec-
ond ultrasound data;

a frame image data forming unit configured to
form a first frame image data based on the first
ultrasound data and to form a second frame im-
age data based on the second ultrasound data;
a processing unit configured to calculate strain
data based on the first and second frame image
data and to set a reference value based on the
strain data, the processing unit being further
configured to form an elastic image based on
the reference value; and

a control unit coupled to the ultrasound data ac-
quisition unit, the frame image data forming unit
and the processing unit, the control unit being
configured to control transmission/reception of
the ultrasound signals and formation of the first
and second frame image data.

2. The ultrasound system of Claim 1, wherein the
processing unit comprises:

a displacement calculating section configured
to calculate displacements between the first and
second frame image data;

a strain data calculating section configured to
calculate the strain data based on the displace-
ments;

a reference value setting section configured to
set the reference value based on the strain data;
and

an elastic image forming section configured to
form the elastic image based on the reference
value.

3. The ultrasound system of Claim 2, wherein the ref-
erence value setting section is configured to detect
amaximum value of frequency numbers of numerical
values of the strain data and to set the detected max-
imum value as the reference value.

4. The ultrasound system of Claim 2, wherein the ref-
erence value setting section is configured to calcu-
late a mean value of numerical values of the strain
data and to set the mean value as the reference val-
ue.

5. The ultrasound system of Claim 2, wherein the elas-
tic image forming section is configured to detect
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strain data that are less than the reference value and
toformthe elasticimage based on the detected strain
data.

The ultrasound system of Claim 2, wherein the elas-
tic image forming section is configured to detect
strain data than are greater than the reference value
and to form the elastic image based on the detected
strain data.

The ultrasound system of Claim 2, wherein the elas-
tic image forming section is configured to detect
strain data that are less and greater than the refer-
ence value and to form the elastic image based on
the detected strain data.

A method of forming an elastic image in an ultra-
sound system, comprising:

a) transmitting/receiving by using an ultrasound
data acquisition unit within the ultrasound sys-
tem ultrasound signals to/from a target object to
thereby output first ultrasound data;

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

¢) transmitting/receiving by using the ultrasound
data acquisition unit within the ultrasound sys-
tem ultrasound signals to/from the target object
while applying pressure to the target object to
thereby output second ultrasound data;

d) forming by using the processing unit within
the ultrasound system a second frame image
data based on the second ultrasound data; and
e) calculating by using the processing unit within
the ultrasound system strain data based on the
first and second frame data, setting a reference
value based on the strain data and forming an
elastic image based on the reference value.

9. The method of Claim 8, wherein the step e) compris-

es:

e1) calculating displacements between the first
and second frame image data;

e2) calculating the strain data based on the dis-
placements;

e3) setting the reference value based on the
strain data; and

e4) forming the elastic image based on the ref-
erence value.

10. The method of Claim 9, the step e3) comprises:

detecting a maximum value of frequency num-
bers of numerical values of the strain data; and
setting the detected maximum value as the ref-
erence value.
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11. The method of Claim 9, wherein the step e3) com-

prises:

calculating a mean value of numerical values of
the strain data; and
setting the mean value as the reference value.

12. The method of Claim 9, wherein the step e4) com-

prises:

detecting strain data that are less than the ref-
erence value; and

forming the elasticimage based on the detected
strain data.

13. The method of Claim 9, wherein the step e4) com-

prises:

detecting strain data that are greater than the
reference value; and

forming the elasticimage based on the detected
strain data.

14. The method of Claim 9, wherein the step e4) com-

prises:

detecting strain data that are less and greater
than the reference value; and

forming the elasticimage based on the detected
strain data.



EP 2 145 583 A1

FIG. 1

120 —

FRAME IMAGE
DATA FORMING
UNIT

110

2

'

150

140

ULTRASOUND DATA
ACQUISITION UNIT

CONTROL UNIT

<

DISPLAY UNIT

t

130 —

PROCESSING
UNIT




EP 2 145 583 A1

FIG. 2

111

2

Tx SIGNAL
GENEREATING
SECTION

l

ULTRASOUND
| P Teone D |—»{ BEAM FORMER [—»{ DATA FORMING
SECTION
112 113 114
FIG. 3
130
1?1 1?2 1?3 1?4
DISPLACEMENT| | STRANDATA | | REFERENCE | |ELASTICIMAGE
CALCULATING | CALCULATING |—{VALUE SETTING|—>{ FORMING
SECTION SECTION SECTION SECTION




EP 2 145 583 A1

FIG. 4

FREQUENCY
NUMBER
|

REFERENCE STRAIN DATA
VALUE



EP 2 145 583 A1

Patentamt
o E;‘IZL’? aO"ﬂi:e Application Number
Office européen EUROPEAN SEARCH REPORT

des brevets EP 09 16 4404
DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of gfo;:eulrenvean;tw‘ggl'slsir;giecsation, where appropriate, tl:;e(ileﬁ\l/i;nt gkﬁf%?_ﬁénoup%l; THE
X EP 1 938 754 Al (HITACHI MEDICAL CORP 1-14 INV.
[JP]) 2 July 2008 (2008-07-02) A61B8/08
* abstract *
* paragraph [0009] *
* paragraph [0023] - paragraph [0028] *
* paragraph [0067] *
* paragraph [0072] - paragraph [0074] *
* figures 1,10,13 *
X EP 1 591 068 Al (HITACHI MEDICAL CORP 1-2,4-6,
[JP]) 2 November 2005 (2005-11-02) 8-9,
11-13
* abstract *
* paragraph [0007] - paragraph [0008] *
* paragraph [0021] *
* paragraph [0024] *
* claim 9 *
X EP 1 554 982 Al (HITACHI MEDICAL CORP 1-2,5-9,
[JP]) 20 July 2005 (2005-07-20) 12-14
* abstract * TECHNICAL FIELDS
* claim 1 * SEARCHED  (IPC)
* paragraph [0033] - paragraph [0034] * A61B
* paragraph [0060] - paragraph [0064] *
- / -
1 The present search report has been drawn up for all claims
_ Place of search Date of completion of the search Examiner
§ The Hague 20 October 2009 Marteau, Frédéric
% CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
2 E : earlier patent document, but published on, or
S X : particularly relevant if taken alone after the filing date
] Y : particularly relevant if combined with another D : document cited in the application
; document of the same category L : document cited for other reasons
T A:technological background e e et s
Q O : non-written disclosure & : member of the same patent family, corresponding
E P : intermediate document document




EP 2 145 583 A1

9

Europiisches
Patentamt

European
Patent Office

Office européen
des brevets

[y

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 09 16 4404

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A TSUZUKI ET AL: "Optimal 1-4,8-11

Region-of-Interest Settings for Tissue
Characterization Based on Ultrasonic
Elasticity Imaging"

ULTRASOUND IN MEDICINE AND BIOLOGY, NEW
YORK, NY, US,

vol. 34, no. 4,

9 January 2008 (2008-01-09), pages
573-585, XP022547226

ISSN: 0301-5629

* abstract *

page 576, right-hand column, paragraph 1

page 576, right-hand column, paragraph 3
page 577, right-hand column, paragraph 1

* ¥ F F F F *

figures 9c,d *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

The Hague 20 October 2009

Examiner

Marteau, Frédéric

CATEGORY OF CITED DOCUMENTS

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

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

P : intermediate document document

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

& : member of the same patent family, corresponding

10




EP 2 145 583 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 09 16 4404

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 P0459

20-10-2009
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1938754 Al 02-07-2008 CN 101291629 A 22-10-2008
WO 2007046272 Al 26-04-2007
US 2009143676 Al 04-06-2009
EP 1591068 Al 02-11-2005 CN 1738576 A 22-02-2006
CN 101427932 A 13-05-2009
JP 4314035 B2 12-08-2009
JP 2004261198 A 24-09-2004
WO 2004062503 Al 29-07-2004
US 2009171211 Al 02-07-2009
US 2006173306 Al 03-08-2006
EP 1554982 Al 20-07-2005 CN 1705460 A 07-12-2005
CN 101427931 A 13-05-2009
WO 2004039262 Al 13-05-2004
JP 3932482 B2 20-06-2007
JP 2004135929 A 13-05-2004
US 2006052702 Al 09-03-2006

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

11




EP 2 145 583 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 1020080068909 [0001]

12



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

EHA

IPCH &=
CPCH¥=

RIEEHLHI(IF)

patsnap

ERABFERERREMEEG
EP2145583A1 NI (»&E)B 2010-01-20
EP2009164404 RiEH 2009-07-02

MEDISON CO. , LTD.

=EMEDISON CO. , LTD.

KIM JONG SIK
SHIN DONG KUK

KIM, JONG SIK
SHIN, DONG KUK

A61B8/08

A61B8/08 A61B8/485

SCHMID , WOLFGANG

1k 542 1020080068909 2008-07-16 KR

H AN FF Sk EP2145583B1

HERBEEE Espacenet

BE(X) FIG. 1
NFATRATEBRFRGSHERBEERGHNSES, £—SEsl+ | 8
EFRREXRELETHEENC/MNENRIREEBBBEES , NnmHE 19
—BEMIR. BRI ST B £ B R A RAE AGE
E/MERINREEZ/BUWBEES , N HEZBEEE. mEGEE 120 — DATAUFﬁ$MING

e T REEN BT E—BERELAE - MESHE. WEGKE o o
KRETHEBENETE - BERERRE - ME GRS, LB T !

EENETE -MEGHENE - MEGBEITENERE, LEET

ULTRASOUND DATA

BEENETNTHERESZE, LEATBRENETSEEEK ACQUISITION UNIT [* ™| CONTROL UNIT [=—= DISPLAY UNIT

HMHEG, REETRSIBEFRERRET , MBGRBELRETH

AT,

}

__| PrOCESSING
130 UNIT



https://share-analytics.zhihuiya.com/view/a3e3c7b2-af34-4c29-b9f3-e44452644b0d
https://worldwide.espacenet.com/patent/search/family/041151862/publication/EP2145583A1?q=EP2145583A1

