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FIG. 6
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FIG. 10
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FIG. 11A
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FIG. 13
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FIG. 19
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METHOD AND ULTRASOUND APPARATUS
FOR MARKING TUMOR ON ULTRASOUND
ELASTOGRAPHY IMAGE

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0146446, filed on Nov. 28, 2013,
and Korean Patent Application No. 10-2014-0158059, filed
on Nov. 13, 2014, in the Korean Intellectual Property Office,
the disclosures of which are incorporated herein in their
entireties by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments relate to a method and an
ultrasound apparatus for marking tumors on an elastography
image which is acquired by using a shear wave.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnostic apparatuses transfer an ultra-
sound signal from a surface of an object to a certain part of a
human body, and obtain a tomography image of a soft tissue
or an image of blood flow by using information of an ultra-
sound signal reflected from an internal tissue of the human
body.

[0006] Ultrasound diagnostic apparatuses are small and
inexpensive, and display an acquired image in real time. Also,
ultrasound diagnostic apparatuses have high stability because
an object is not exposed to X-rays or the like, and thus are
being widely used along with other image diagnostic appa-
ratuses, such as X-ray diagnostic apparatuses, computerized
tomography (CT) scanners, magnetic resonance imaging
(MRI) apparatuses, and nuclear medicine diagnostic appara-
tuses.

[0007] An elastography method displays the elasticity ofan
object as an image. The elasticity of an object is relevant to a
pathologic phenomenon of the object. Tumors are harder than
normal tissue. That is, the elasticity of a tumor is greater than
that of normal tissue, and thus, when the same pressure is
applied to the tumor and the normal tissue, a strain of the
normal tissue is greater than that of the tumor. Therefore, the
elastography method may be used to diagnose tumors or
cancer.

[0008] For example, an elasticity contrast index (ECI)
acquired by the elastography method may be used to diagnose
a nodule of a tissue. The ECI is obtained by quantifying a
hardness difference between a nodule of a tissue and normal
tissue near the nodule. As the ECI increases, the nodule is
determined to be hard, and a probability that the nodule is
malignant increases. Also, the elastography method may be
applied to various fields, such as monitoring of kidney trans-
plants, skin and tissue engineering, monitoring of cancer
treatment, etc., in addition to detection and classification of
cancer or tumors.

[0009] As the elastography method, a free-hand elastogra-
phy method is being most widely used. The free-hand elas-
tography method is a method in which a user directly applies
apressure by using a probe, and is simple to use. However, the
free-hand elastography method has a drawback in that a pres-
sure cannot equally be applied.

SUMMARY

[0010] One or more embodiments include a method and
ultrasound apparatus for marking a tumor, which automati-
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cally detect tumors from an elastography image by using
elasticity of interest (EOI) information input by a user, and
mark the detected tumor on the elastography, thereby
enabling the user to accurately find a tumor of interest (TOI).
[0011] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0012] According to one or more embodiments, a tumor
marking method includes: receiving elasticity of interest
(EOI) information from a user; acquiring an elastography
image of an object by using a shear wave; detecting a tumor of
interest (TOI), corresponding to the EOI information, from
the acquired elastography image; and marking the detected
TOI on the elastography image.

[0013] The receiving of elasticity of interest may include
receiving a range of a shear modulus.

[0014] The receiving of elasticity of interest may include
receiving a central shear modulus and an application range.
[0015] The receiving of elasticity of interest may include:
providing an elasticity range list including a plurality of elas-
ticity ranges; and receiving selection of an elasticity range of
interest from the elasticity range list.

[0016] The acquiring of an elastography image may
include: inducing the shear wave by transmitting a first ultra-
sound signal for pushing the object to the object; transmitting
a second ultrasound signal tracing the shear wave to the
object, and receiving a response signal to the second ultra-
sound signal from the object; and acquiring the elastography
image of the object, based on the response signal.

[0017] The detecting of a tumor of interest may include:
comparing elasticity information of the acquired elastogra-
phy image and the EOI information; and detecting the TOI,
based on the comparison result.

[0018] The detecting of a tumor of interest may include:
receiving information about a size of interest from the user;
and detecting the TOI in further consideration of the infor-
mation about the size of interest.

[0019] The marking ofthe detected TOI may include mark-
ing a boundary line on the detected TOL.

[0020] The tumor marking method may further include:
marking a boundary line on each of a plurality of TOIs cor-
responding to the EOI information; receiving a boundary
deletion request for at least one of the plurality of TOIs; and
deleting a boundary line of the at least one TOI, based on the
boundary deletion request.

[0021] The tumor marking method may further include
providing measurement information about the TOIL.

[0022] The measurement information about the TOI may
include at least one of identification information, category
information, shear modulus information, and size informa-
tion of the TOL

[0023] The tumor marking method may further include:
receiving an input that changes the EOI information; and
detecting a new TOI corresponding to the changed EOI infor-
mation.

[0024] According to one or more embodiments, an ultra-
sound apparatus includes: a user input unit that receives elas-
ticity of interest (EOI) information from a user; an ultrasound
image acquiring unit that acquires an elastography image of
an object by using a shear wave; and a control unit that detects
a tumor of interest (TOI), corresponding to the EOI informa-
tion, from the acquired elastography image. and marks the
detected TOI on the elastography image.
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[0025] The user input unit may receive a range of a shear
modulus as the EOI information.

[0026] The user input unit may receive a central shear
modulus and an application range as the EOI information.
[0027] The control unit may provide an elasticity range list
including a plurality of elasticity ranges, and receive selection
of an elasticity range of interest from the elasticity range list.
[0028] Theultrasound image acquiring unit may include: a
probe that transmits a first ultrasound signal for pushing the
object to the object to induce the shear wave, and transmits a
second ultrasound signal tracing the shear wave to the object,
and receiving a response signal to the second ultrasound
signal from the object; and an image generating unit that
acquires the elastography image of the object, based on the
response signal.

[0029] The control unit may compare elasticity informa-
tion of the acquired elastography image and the EOI infor-
mation, and detects the TOI, based on the comparison result.
[0030] Theuserinput unit may receive information about a
size of interest from the user, and detect the TOI in further
consideration of the information about the size of interest.

[0031] The control unit may mark a boundary line on the
detected TOL
[0032] The user input unit may mark a boundary line on

each of a plurality of TOIs corresponding to the EOI infor-
mation, and receives a boundary deletion request for at least
one of the plurality of TOIs, and the control unit may delete a
boundary line of the at least one TOI, based on the boundary
deletion request.

[0033] The ultrasound apparatus may further include a dis-
play unit that provides measurement information about the
TOL

[0034] The user input unit may receive an input that
changes the EOI information, and the control unit may detect
a new TOI corresponding to the changed EOI information.
[0035] According to one or more embodiments, a method
may include receiving elasticity information, detecting a
tumor, corresponding to the elasticity information, using a
shear wave, and marking the tumor on an image, where shear
modulus may be used in the detecting and where tumor size
may be used in the detecting.

[0036] According to one or more embodiments, an elastic-
ity information providing method performed by an ultra-
sound apparatus includes acquiring an elastography image of
an object; detecting a region corresponding to a predeter-
mined elastic modulus in the elastography image; and pro-
viding information about the detected region along with the
elastography image.

[0037] According to one or more embodiments, an ultra-
sound apparatus includes: an ultrasound image acquiring unit
that acquires an elastography image of an object; a control
unit that detects a region corresponding to a predetermined
elastic modulus in the elastography image; and a display unit
that provides information about the detected region along
with the elastography image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0039] FIG. 11is a diagram illustrating an ultrasound appa-
ratus according to an embodiment;
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[0040] FIG. 2 is a diagram for describing an operation of
manually detecting a tumor from an elastography image and
marking the detected tumor on the elastography image;
[0041] FIG. 3 is a flowchart for describing a method of
marking a tumor on an elastography image according to an
embodiment;

[0042] FIGS. 4A and 4B illustrate diagrams for describing
elasticity of interest (EOI) information according to an
embodiment;

[0043] FIG. 5isadiagram for describing an elasticity range
list according to an embodiment;

[0044] FIG. 6 is a diagram for describing a plurality of
pieces of EOI information according to an embodiment;
[0045] FIGS. 7A and 7B illustrate diagrams showing an
example in which the ultrasound apparatus according to an
embodiment marks a tumor of interest (TOI) corresponding
to EOI information;

[0046] FIG. 8 is a diagram for describing measurement
information about a TOI according to an embodiment;
[0047] FIG.9isadiagram for describinga TOI correspond-
ing to each ofa plurality of pieces of EOI information accord-
ing to an embodiment;

[0048] FIG. 10 is a flowchart for describing a method of
changing EOI information according to an embodiment;
[0049] FIGS. 11A and 11B illustrate diagrams showing a
graphical user interface (GUI) for changing EOI information
according to an embodiment;

[0050] FIGS. 12A and 12B illustrate diagrams showing an
example of marking a new TOI corresponding to changed
EOI information;

[0051] FIG. 13 is a flowchart for describing a method of
deleting a boundary line of at least one TOI on the basis of a
user input, according to an embodiment;

[0052] FIGS. 14A and 14B illustrate diagrams showing a
GUI in which a boundary line of at least one TOl is deleted,
according to an embodiment;

[0053] FIG. 15A illustrates diagrams showing an example
of a GUI including a brightness (B) mode image, an elastog-
raphy image, measurement information abouta TOI, and EOI
information for an object;

[0054] FIG. 15B is a diagram showing an example in which
measurement information about a TOI is marked as an indi-
cator on an elastography image;

[0055] FIG. 16 is a diagram showing an example in which
a slide bar for adjusting an elastic modulus included in EQOI
information is marked;

[0056] FIGS.17Aand 17B are diagrams showing examples
of providing measurement information about a lesion of inter-
est (LOI) selected by a user;

[0057] FIG. 18 is a flowchart for describing an elasticity
information providing method of an ultrasound apparatus
according to an exemplary embodiment of the present inven-
tive concept;

[0058] FIG. 19 is a diagram for describing a strain ratio of
interest;
[0059] FIG. 20 is a diagram showing an example of select-

ing a reference region for determining a strain ratio;

[0060] FIG. 21 is a diagram showing an example of provid-
ing measurement information about a detected region; and
[0061] FIGS. 22 and 23 are block diagrams for describing a
configuration of the ultrasound apparatus according to an
exemplary embodiment.
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DETAILED DESCRIPTION

[0062] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. Expressions such as “at least one of,” when preceding a
list of elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0063] Hereinafter, the terms used in the specification will
be briefly described, and then will be described in detail.
[0064] The terms used in this specification are those gen-
eral terms currently widely used in the art, but the terms may
vary according to the intention of those of ordinary skill in the
art, precedents, or new technology in the art. Also, specified
terms may be selected by the applicant, and in this case, the
detailed meaning thereof will be described in the detailed
description. Thus, the terms used in the specification should
be understood not as simple names but based on the meaning
of the terms and the overall description.

[0065] Throughout the specification, it will also be under-
stood that when a component “includes” an element, unless
there is another opposite description thereto, it should be
understood that the component does not exclude another ele-
ment but may further include another element. In addition,
terms such as ““ . . . unit”, “. . . module™, or the like refer to
units that perform at least one function or operation, and the
units may be implemented as hardware or software or as a
combination of hardware and software.

[0066] Throughout the specification, an “ultrasonic image”
refers to an image of an object obtained using an ultrasonic
wave. Furthermore, in the present specification, “object” may
include a person or an animal, or a part of a person or an
animal. For example, the object may include the liver, the
heart, the womb, the brain, a breast, the abdomen, or a blood
vessel. Furthermore, the “object” may include a phantom.
The phantom means a material having a volume that is
approximately the intensity and effective atomic number of a
living thing, and may include a spherical phantom having a
property similar to a human body.

[0067] Furthermore, in the present specification, “user”
refers to a medical professional, such as a doctor, a nurse, a
medical laboratory technologist, and an engineer who repairs
a medical apparatus, but the user is not limited thereto.
[0068] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings. In this regard, the present embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein. In the following descrip-
tion, well-known functions or constructions are not described
in detail since they would obscure the embodiments with
unnecessary detail.

[0069] FIG. 11is a diagram illustrating an ultrasound appa-
ratus 1000 according to an embodiment.

[0070] As illustrated in FIG. 1, the ultrasound apparatus
1000 may transmit an ultrasound signal to an object 10
through a probe 1010. The ultrasound apparatus 1000 may
receive an ultrasound echo signal reflected from the object 10
to generate an ultrasound image.

[0071] In the present specification, an ultrasound image
may be implemented in various ways. For example, the ultra-
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sonic image may include at least one of a brightness (B) mode
image in which a level of an ultrasonic echo signal reflected
from an object is expressed as brightness, a color Doppler
image in which a speed of a moving object is expressed as a
color by using the Doppler effect. a spectral Doppler image in
which an image of a moving object is expressed as a spectrum
type by using the Doppler effect, and a motion (M) mode
image that shows a motion of an object over time at a certain
place, but is not limited thereto. According to an embodiment,
the ultrasound may be a two-dimensional (2D) image, a three-
dimensional (3D) image, or a four-dimensional (4D) image.
[0072] According to an embodiment, the ultrasound appa-
ratus 1000 may provide an elastography image that shows an
elasticity contrast of the object by using an acoustic radiation
force. This will be described in detail with reference to FIG.
2.

[0073] FIG. 2 is a diagram for describing an operation of
manually detecting a tumor from an elastography image and
marking the detected tumor on the elastography image;
[0074] As illustrated in FIG. 2, the ultrasound apparatus
1000 may display an elastography image of the object 10.
[0075] Generally, the shear-wave speed and a degree of
elasticity may have a proportional relationship. That is, the
shear-wave speed may be faster in a tumor 210 in which the
degree of elasticity is greater than that of normal tissue. The
ultrasound apparatus 1000 may map the shear-wave speed to
a color, or map a shear modulus to a color, thereby displaying
an elastography image 200.

[0076] According to an embodiment, the ultrasound appa-
ratus 1000 may display a B mode image to overlap on the
elastography image 200. In this case, the ultrasound appara-
tus 1000 may display the elastography image on the B mode
image in a semi-transmissive or transparent state.

[0077] In a normal case, the ultrasound apparatus 1000
does not automatically display a boundary line that distin-
guishes between the tumor 210 and the normal tissue, or does
not automatically provide information about the tumor 210.
Therefore, a user may check an elastography image, and may
directly move aFIG. 220 (for example, acircle, an oval, or the
like) on the elastography image to determine a size and a
position of the tumor 210.

[0078] However, in the case of the elastography image 200
using a shear wave, objective elasticity information (for
example, a shear modulus) may be provided, and thus, the
ultrasound apparatus 1000 may automatically detect a tumor
from the elastography image 200 by using the elasticity infor-
mation (for example, the shear modulus), and displays the
detected tumor. Such a method will be described in detail with
reference to FIG. 3.

[0079] FIG. 3 is a flowchart for describing a method of
marking a tumor on an elastography image according to an
embodiment.

[0080] In operation S310, the ultrasound apparatus 1000
may receive elasticity of interest (EOI) information from a
user. The FOI information may be information about a tumor
which the user desires to check by using an elastography
image. The EOI information may include at least one of an
elasticity range (for example, a range of a shear modulus), a
central shear modulus, an application range, the kind of
tumor, the size of the tumor, and color information, but is not
limited thereto.

[0081] For example, the ultrasound apparatus 1000 may
receive a range (for example, about 27 kPa to about 35 kPa
(kilopascals)) of the shear modulus as the EOI information.
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Also, the ultrasound apparatus 1000 may receive the central
shear modulus (for example, about 31 kPa) and the applica-
tion range (for example, about +5 kPa) as the EOI informa-
tion.

[0082] According to an embodiment, the ultrasound appa-
ratus 1000 may provide an elasticity range list including a
plurality of elasticity ranges. The ultrasound apparatus 1000
may receive a selection of an EQI range, included in the
elasticity range list, from the user.

[0083] According to an embodiment, the ultrasound appa-
ratus 1000 may receive information about a size of interest
(SQOI). that s the size of tumor to detect. For example, the user
may set the size of tumor to detect to be about 20 mm* or
more.

[0084] In operation S320, the ultrasound apparatus 1000
may acquire or produce an elastography image of an object by
using a shear wave.

[0085] According to an embodiment, the ultrasound appa-
ratus 1000 may transmit an ultrasound signal (hereinafter
referred to as a push ultrasound signal), used to push a partial
region of the object, into the object. For example, the ultra-
sound apparatus 1000 may transmit a push ultrasound signal
having a long wavelength into the object by using thirty to
forty channels of the probe 1010. According to an embodi-
ment, the ultrasound apparatus 1000 may transmit a focused
push ultrasound signal to a partial region of the object.
[0086] Inthiscase,a shear wave may be generated from the
push ultrasound signal inside the object. For example, the
shear wave may be generated with respect to a region pushed
by the push ultrasound signal. The shear wave may have a
speed of about 1 m/s to about 10 m/s.

[0087] The speed (for example, about 1 m/s to about 10
m/s) of the shear wave is far lower than a mean speed (i.e.,
about 1540 m/s) of an ultrasound signal in the object, and
thus, the ultrasound apparatus 1000 may use a general ultra-
sound signal for tracing the shear wave. For example, the
ultrasound apparatus 1000 may transmit a second ultrasound
signal (hereinafter referred to as a trace ultrasound signal) for
tracing the shear wave in a traveling direction of the shear
wave. Here, a wavelength of the trace ultrasound signal may
be shorter than that of the push ultrasound signal. According
to an embodiment, the trace ultrasound signal may be trans-
mitted into the object through all channels of the probe 1010.
[0088] The ultrasound apparatus 1000 may receive a
response signal to the second ultrasound signal from the
object. The response signal may be a signal reflected from the
object. The ultrasound apparatus 1000 may acquire an elas-
tography image of the object on the basis of the response
signal. For example, the ultrasound apparatus 1000 may
determine a shear-wave speed in each region of the object by
using the response signal. The ultrasound apparatus 1000
may generate an elastography image by using the shear-wave
speed. The ultrasound apparatus 1000 may map the shear-
wave speed to a color, or map a shear modulus to a color,
thereby generating the elastography image.

[0089] In operation S330, the ultrasound apparatus 1000
may detect a tumor of interest (TOT) corresponding to the EOQT
information from the acquired elastography image.

[0090] According to an embodiment, the ultrasound appa-
ratus 1000 may compare elasticity information and EOI
information of the acquired elastography. The ultrasound
apparatus 1000 may detect the TOI on the basis of a result of
the comparing. For example, when the EOI information is the
shear modulus of about 25 kPa to about 35 kPa, the ultrasound
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apparatus 1000 may detect aregion (the TOI) having the shear
modulus of about 25 kPa to about 35 kPa from the elastogra-
phy.

[0091] According to an embodiment, the ultrasound appa-
ratus 1000 may detect one TOI corresponding to the EOI
information, and detect a plurality of TOIs.

[0092] According to an embodiment, the ultrasound appa-
ratus 1000 may detect the TOT in further consideration of the
information about the 501 (Size Of Interest). For example,
when a predetermined SOI is about 20 mm? or more, the
ultrasound apparatus 1000 may detect a TOL, having a size of
about 20 mm? or more, from among at least one detected
tumor on the basis of the EOI information.

[0093] In operation S340, the ultrasound apparatus 1000
may mark the detected TOI on the elastography.

[0094] For example, the ultrasound apparatus 1000 may
mark a boundary line on the detected TOI. Here, the boundary
line may denote a reference line that distinguishes a TOI and
normal tissue. The boundary line may be displayed as various
types. For example, the boundary line may be of various
colors, thicknesses, and kinds.

[0095] According to an embodiment, the ultrasound appa-
ratus 1000 may provide measurement information about the
detected TOIL. The measurement information about the
detected TOI may include at least one of identification infor-
mation, category information, shear modulus information,
and size information, but is not limited thereto.

[0096] According to an embodiment, the ultrasound appa-
ratus 1000 may mark the measurement information about the
TOI near the elastography. When a plurality of TOIs are
detected, measurement information corresponding to each of
the plurality of TOIs may be marked.

[0097] FIGS. 4A and 4B illustrate diagrams for describing
EOI information according to an embodiment.

[0098] As illustrated in FIG. 4A, the ultrasound apparatus
1000 may provide an input window 410 that enables EOI
information 400 to be input. A user may input the EOI infor-
mation 400 to the ultrasound apparatus 1000 by using at least
one of a key input, a touch input, a motion input, and a voice
input. For example, the ultrasound apparatus 1000 may
receive, as the EOI information 400, a central shear modulus
411 of about 31 kPa and an application range of about +5 kPa
through the input window 410.

[0099] As illustrated in FIG. 4B, the ultrasound apparatus
1000 may receive, as the EOI information 400, the minintum
shear modulus 421 of about 26 kPa and the maximum shear
modulus 420 of about 31 kPa through the input window 420.
[0100] FIG.5isadiagram for describing an elasticity range
list according to an embodiment.

[0101] As illustrated in FIG. 5, the ultrasound apparatus
1000 may provide an elasticity range list 500 including at
least one elasticity range. The elasticity range list 500 may be
previously stored in the ultrasound apparatus 1000. Each item
of the elasticity range list 500 may be updated by a user.
[0102] The ultrasound apparatus 1000 may provide the
elasticity range list 500 including a central shear modulus (for
example, 3.5,6.2,11.0, 18.6, and 31.0) corresponding to the
kind of tumor. In this case, the ultrasound apparatus 1000 may
receive, as an EOI range, selection of an item 510 having the
central shear modulus of about 31 kPa from among the elas-
ticity range list 500.

[0103] FIG. 6 is a diagram for describing a plurality of
pieces of EOI information according to an embodiment.
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[0104] As illustrated in FIG. 6, the ultrasound apparatus
1000 may receive a plurality of pieces of EOI information. In
this case, the ultrasound apparatus 1000 may receive identi-
fication information used to distinguish the plurality of pieces
of EOI information. Also, the ultrasound apparatus 1000 may
receive information about an SOIL

[0105] For example, the ultrasound apparatus 1000 may
receive, as first EOI information 610, identification informa-
tion 611 (category A), a central shear modulus 612 of about 31
kPa, an application range 613 of about +5 kPa, and the mini-
mum area 614 of about 20 mm?.

[0106] Moreover, the ultrasound apparatus 1000 may
receive, as second EOI information 620, identification infor-
mation 621 (category B), a central shear modulus 622 of
about 18.6 kPa, an application range 623 of about +4 kPa, and
a minimum area 624 of about 20 mm?.

[0107] FIGS. 7A and 7B illustrate diagrams showing an
example in which the ultrasound apparatus according to an
embodiment marks a TOI corresponding to EOI information.
[0108] As illustrated in FIG. 7A, the ultrasound apparatus
1000 may display a result, which is obtained by mapping the
shear modulus (for example, about 0 to about 35) to a color
value, as the elastography image 700. When the shear modu-
lus 1s equal to or more than 25, a corresponding region may be
displayed in red, and when the shear modulus is less than 10,
acorresponding region may be displayed in blue. In this case,
since the shear-wave speed of a region 710 having a tumor is
faster than that of a region having normal tissue, the region
710 may have a high shear modulus. That is, the region 710
having the tumor may be displayed in red.

[0109] Inthis case, as illustrated in FIG. 7B, the ultrasound
apparatus 1000 may automatically compare elasticity infor-
mation of the elastography image 700 and a previously input
EOI information (for example, about 25 kPato about 31 kPa)
to detect the region 710 having the tumor. The ultrasound
apparatus 1000 may display a boundary line 720 that distin-
guishes the region 710 having the tumor and the other region.
Therefore, according to an embodiment, a user may not
manually specify the region 710 having the tumor.

[0110] FIG. 8 is a diagram for describing measurement
information about a TOI according to an embodiment.
[0111] As illustrated in FIG. 8, the ultrasound apparatus
1000 may display, as an elastography image 800, a result that
is obtained by mapping a shear modulus (for example, about
0toabout 35)toacolor value, and display a boundary line that
distinguishes a region having a tumor 810 and the other
region.

[0112] Moreover, according to an embodiment, the ultra-
sound apparatus 1000 may provide measurement information
820 about the automatically detected tumor 810 beside the
elastography image 800. For example, the ultrasound appa-
ratus 1000 may provide, as the measurement information 820
about the tumor 810, a diameter (minimum-maximum) 821
of about 9 mm to about 11 mm, an area 822 of about 78.5
mm?, a mean shear modulus 823 of about 27.69 kPa, a stan-
dard deviation 824 of about 2.74 kPa, and a category 8§25 “A”,
but is not limited thereto.

[0113] FIG. 9is a diagram for describing a TOI (Tumor of
Interest) corresponding to each of a plurality of pieces of EOI
(Elasticity of Interest) information according to an embodi-
ment.

[0114] As illustrated in FIG. 9, the ultrasound apparatus
1000 may receive a plurality of pieces of EOI information.
For example, the ultrasound apparatus 1000 may receive, as
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first EOI information (category A), information indicating
that a central shear modulus is about 31 kPa, an application
range is about +5 kPa, and the minimum area is about 20 mm?.
Also, the ultrasound apparatus 1000 may receive, as second
EOI information (category B), information indicating that a
central shear modulus is about 18.6 kPa, an application range
is about +5 kPa, and a minimum area is about 20 mm?.

[0115] In this case, the ultrasound apparatus 1000 may
detect TOIs respectively corresponding to the previously
input first BEOI information (category A) and second EOI
information (category B). For example, the ultrasound appa-
ratus 1000 may detect a first tumor 910 corresponding to the
first EOI information (category A), and detect a second tumor
920 corresponding to the second EOI information (category
B).

[0116] The ultrasound apparatus 1000 may mark the
detected first and second TOIs 910 and 920 on an elastogra-
phy image 900. Also, the ultrasound apparatus 1000 may
provide measurement information 911 and 921 respectively
corresponding to the detected first and second TOIs 910 and
920. For example, the ultrasound apparatus 1000 may pro-
vide, as the measurement information 911 corresponding to
the first TOI 910, a diameter (minimum-maximum) of about
9 mm to about 11 mm, an area of about 78.5 mm?, a mean
shear modulus of about 27.69 kPa, a standard deviation of
about 2.74 kPa, and a category A. Also, the ultrasound appa-
ratus 1000 may provide, as the measurement information 921
corresponding to the second TOI 920, a diameter (minimum-
maximum) of about 5 mm to about 6 mm, an area of about
21.5 mm?, a mean shear modulus of about 22.1 kPa, a stan-
dard deviation of about 1.23 kPa, and a category B.

[0117] FIG. 10 is a flowchart for describing a method of
changing EOI information according to an embodiment.

[0118] In operation S1010, the ultrasound apparatus 1000
may mark a TOI, corresponding to EOI information, on an
elastography image. Operation S1010 corresponds to opera-
tion S340 of FIG. 3, and thus, its detailed description will not
be provided here.

[0119] In operation S1020, the ultrasound apparatus 1000
may receive an input that changes the EOI information.

[0120] For example, the ultrasound apparatus 1000 may
receive a user input, which changes the EOI information,
while providing the elastography image in real time. Also, the
ultrasound apparatus 1000 may switch a current mode to a
freeze mode, and in the freeze mode, the ultrasound apparatus
1000 may receive the user input that changes the EOI infor-
mation.

[0121] A user may change at least one of a central shear
modulus, an application range, a range of a shear modulus,
and an SOI. Here, the user input that changes the EOI infor-
mation may vary.

[0122] 1In operation S1030, the ultrasound apparatus 1000
may detect a new TOI (Tumor of Interest) corresponding to
the changed EOI information. For example, the ultrasound
apparatus 1000 may compare elasticity information of the
elastography and the changed EOI information. The ultra-
sound apparatus 1000 may detect the new TQOI on the basis of
a result of the comparing.

[0123] In operation S1040, the ultrasound apparatus 1000
may mark the new TOI on the elastography. For example, the
ultrasound apparatus 1000 may display a boundary line that
distinguishes the new TOI and another tissue.
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[0124] According to an embodiment, the ultrasound appa-
ratus 1000 may provide new measurement information about
the new TOL.

[0125] FIGS. 11A and 11B illustrate diagrams showing a
graphical user interface (GUI) for changing EOI information
according to an embodiment.

[0126] As illustrated in FIG. 11A, the ultrasound apparatus
1000 may receive, as first EOI information (category A), a
central shear modulus of about 31 kPa, an application range
of about +5 kPa, and a minimum area of about 20 mm?>.
[0127] Asillustrated in FIG. 11B, the ultrasound apparatus
1000 may receive an input that changes first EOI information
(category A). For example, the ultrasound apparatus 1000
may receive an input that changes the application range from
x5 kPa to =7 kPa.

[0128] In FIG. 11B, changing the application range is
described as an example, but a user may change the central
shear modulus or the minimum area.

[0129] FIGS. 12A and 12B illustrate diagrams showing an
example of marking a new TOI corresponding to changed
EOI information.

[0130] Asillustrated in FIG. 12A, the ultrasound apparatus
1000 may receive a first tumor 1210 corresponding to first
EOI information (category A) (for example, a central shear
modulus of about 31 kPa, an application range of about =5
kPa, and a minimum area of about 20 mm?). The ultrasound
apparatus 1000 may provide measurement information 1211
corresponding to the detected first tumor 1210. For example,
the ultrasound apparatus 1000 may provide, as the measure-
ment information 1211 corresponding to the first tumor 1210,
a diameter (minimum-maximum) of about 9 mm to about 11
mm, an area of about 78.5 mm?, a mean shear modulus of
about 27.69 kPa, a standard deviation of about 2,74 kPa, and
a category “A”, but is not limited thereto.

[0131] Asillustrated in FIG. 12B, when the first EOI infor-
mation (category A) is changed (for example, the application
range is changed from =5 kPa to £7 kPa), the ultrasound
apparatus 1000 may detect a new second tumor 1220 corre-
sponding to the changed first EOI information. The ultra-
sound apparatus 1000 may provide measurement information
1221 corresponding to the detected second tumor 1220. For
example, the ultrasound apparatus 1000 may provide, as the
measurement information 1221 corresponding to the second
tumor 1220, a diameter (minimum-maximum) of about 11
mm to about 12 mm, an area of about 93.2 mm?, a mean shear
modulus of about 25.6 kPa, a standard deviation of about 4.1
kPa, and a category “A”, but is not limited thereto.

[0132] Since the application range of the first EOI informa-
tion is changed from =5 kPa to +7 kPa, an area in which the
second tumor 1220 is marked may be broader than an area in
which the first tumor 1210 is marked. Also, in comparison
with the first tumor 1210, the mean shear modulus of the
second tumor 1220 may be lowered, and the standard devia-
tion may increase.

[0133] FIG. 13 is a flowchart for describing a method of
deleting a boundary line of at least one TOI on the basis of a
user input, according to an embodiment.

[0134] In operation S1310, the ultrasound apparatus 1000
may mark a boundary line on each of a plurality of TOIs
corresponding to EOI information. Here, a user may check
the boundary line marked on each TOI.

[0135] In operation S1320, the ultrasound apparatus 1000
may receive a boundary deletion request for at least one of the
plurality of TOIs. For example, when an abnormally detected
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tumor is marked on an elastography image due to noise, the
user may request deletion of a boundary line of the abnor-
mally detected tumor.

[0136] In operation S1330, the ultrasound apparatus 1000
may delete the boundary line of the at least one TOI on the
basis of the boundary deletion request.

[0137] Therefore, according to an embodiment, the ultra-
sound apparatus 1000 may allow the user to manually remove
aboundary line of a tumor that is determined as being abnor-
mally detected. This will be described in detail with reference
to FIGS. 14 and 15.

[0138] FIGS. 14A and 14B illustrate diagrams showing a
GUI in which a boundary line of at least one TOI is deleted,
according to an embodiment.

[0139] Asillustrated in FIG. 14 A, the ultrasound apparatus
1000 may detect first to third tumors 1410, 1420 and 1430
corresponding to previously-input EOI information. The
ultrasound apparatus 1000 may display boundary lines that
distinguish the first to third tumors 1410, 1420 and 1430.
Also, the ultrasound apparatus 1000 may display first mea-
surement information 1411 about the first tumor 1410, second
measurement information 1421 about the second tumor 1420,
and third measurement information 1431 about the third
tumor 1430.

[0140] According to an embodiment, the second and third
tumors 1420 and 1430 may be abnormally detected or erro-
neously detected. In this case, the ultrasound apparatus 1000
may receive a boundary deletion request for the second and
third tumors 1420 and 1430 from the user.

[0141] Asillustrated in FIG. 14B, the ultrasound apparatus
1000 may delete a boundary line of the second and third
tumors 1420 and 1430 on the basis of the boundary deletion
request for the second and third tumors 1420 and 1430. Also,
the ultrasound apparatus 1000 may delete the second mea-
surement information 142 about the second tumor 1420 and
the third measurement information 1431 about the third
tumor 1430.

[0142] FIG. 15A illustrates diagrams showing an example
of a GUI including a brightness (B) mode image, an elastog-
raphy image, measurement information abouta TOI, and EOQI
information for an object.

[0143] Asillustrated in FIG. 15A, according to an embodi-
ment, when an elastography image of an object is acquired or
produced by using a characteristic of a shear wave, the ultra-
sound apparatus 1000 may display a B mode image 1510 and
an elastography image 1520.

[0144] According to an embodiment, the ultrasound appa-
ratus 1000 may display first EOI information (category A)
1530, second EOI information (category B) 1540, and third
EOI information (category C) 1550 which are previously
input. In this case, according to an embodiment, a user may
correct at least one of the first EOI information (category A)
1530, the second EOI information (category B) 1540, and the
third EQOI information (category C) 1550 in real time.

[0145] The ultrasound apparatus 1000 may automatically
detect first and second TOIs from the elastography image
1520 on the basis of the first EOI information (category A)
1530, the second EOI information (category B) 1540, and the
third EOI information (category C) 1550. At this point, the
ultrasound apparatus 1000 may display, on a screen, first
measurement information 1560 about the automatically
detected first TOI and second measurement information 1570
about the automatically detected second TOI.
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[0146] FIG.15B is a diagram showing an example in which
measurement information about a TOI (tumor of interest) is
marked as an indicator on an elastography image.

[0147] Referring to FIG. 15B, the ultrasound apparatus
1000 may mark, as an indicator, measurement information
about a first TOI and a second TOI. For example, the ultra-
sound apparatus 1000 may mark a first indicator 1580 (for
example, a star shape), indicating a malignant tumor, near the
first TOI having a high possibility of being a malignant tumor.
Also, the ultrasound apparatus 1000 may mark a second
indicator 1590 (for example, two circles), indicating a benign
tumor, near the second TOI having a high possibility of being
a benign tumor.

[0148] According to an exemplary embodiment of the
present inventive concept, a user may check the indicators
1580 and 1590 on an elastography image 1520, and thus
intuitively determine the type of a tumor.

[0149] InFIG. 15B, a case in which an indicator is an icon
that has been described above as an example, but the present
exemplary embodiment is not limited thereto. For example,
an indicator may be text or a number.

[0150] FIG. 16 is a diagram showing an example in which
a slide bar for adjusting an elastic modulus included in EQI
information is marked.

[0151] Referring to FIG. 16, the ultrasound apparatus 1000
may display an elastography image 1610 and a slide bar 1620.
The slide bar 1620 may be a graphical user interface (GUI) for
adjusting EOI information. According to an exemplary
embodiment of the present invention, the ultrasound appara-
tus 1000 may provide reference information to one side of the
slide bar1620. The reference information may be information
for adjusting a lesion which a level of a shear modulus (or a
strain ratio) represents. For example, fibrous/invasive carci-
noma may be displayed at the one side of the slide bar 1620.
[0152] According to an exemplary embodiment of the
present inventive concept, a user may adjust the level of the
shear modulus by using an adjustment button disposed (see
the button next to the finger) on the slide bar 1620. For
example, the user may change the level of the shear modulus
from 2 to 5 by using the slide bar 1620.

[0153] First EOlinformation corresponding to the level “2”
of the shear modulus may include a central shear modulus of
about 18.6 kPa and an application range of about +4 kPa.
Second EOI information corresponding to the level “5” of the
shear modulus may include a central shear modulus of about
31 kPa and an application range of about £5 kPa.

[0154] Referring to 1600-1, since the level of the shear
modulus is 2, the ultrasound apparatus 1000 may detect a first
tumor 1611 and a second tumor 1612 corresponding to the
first EOI information (a central shear modulus of about 18.6
kPaand anapplication range of about +4 kPa). The ultrasound
apparatus 1000 may mark the first tumor 1611 and the second
tumor 1612 in the elastography image 1610. For example, the
ultrasound apparatus 1000 may mark a boundary line near the
first tumor 1611 and the second wmor 1612. The ultrasound
apparatus 1000 may mark measurement information 1630 of
the first tumor 1611 and measurement information 1640 of
the second tumor 1612.

[0155] Referring to 1600-2, since the level of the shear
modulus is changed from 2 to 5, the ultrasound apparatus
1000 may detect the first tumor 1611 corresponding to the
second BEOI information (a central shear modulus of about 31
kPaand anapplication range of about =5 kPa). The ultrasound
apparatus 1000 may mark the first tumor 1611 in the elastog-
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raphy image 1610. For example, the ultrasound apparatus
1000 may mark a boundary line near the first tumor 1611. The
ultrasound apparatus 1000 may mark the measurement infor-
mation 1630 of the first tumor 1611.

[0156] According to an exemplary embodiment of the
present inventive concept, when the user changes the level of
the shear modulus from 2 to 5 by using the slide bar 1620, the
ultrasound apparatus 1000 may adjust a transparency of a
border line near the second tumor 1612. For example, the
ultrasound apparatus 1000 sets, to 50%, a transparency of a
boundary line near the second tumor 1612, and may semi-
transparently mark the boundary line. Also, the ultrasound
apparatus 1000 sets, to 100%, the transparency of the bound-
ary line near the second tumor 1612, and thus, the boundary
line near the second tumor 1612 may be dissipated or not
shown.

[0157] When the level of the shear modulus is again
changed from 5 to 2, the ultrasound apparatus 1000 may
detect the first tumor 1611 and the second tumor 1612 corre-
sponding to the first EOI information (a central shear modu-
lus of about 18.6 kPa and an application range of about +4
kPa). The ultrasound apparatus 1000 may mark the first tumor
1611 and the second tumor 1612 in the elastography image
1610. The ultrasound apparatus 1000 may mark the measure-
ment information 1630 of the first tumor 1611 and the mea-
surement information 1640 of the second tumor 1612.

[0158] Therefore, according to an exemplary embodiment
of the present inventive concept, the user may easily adjust
EOI information (for example, a level of a shear modulus or
a level of a strain ratio) or the number of detected lesions by
using the slide bar 1620.

[0159] FIGS.17A and 17B are diagrams showing examples
of providing measurement information about a lesion of inter-
est (LOI) selected by a user.

[0160] Referring to FIG. 17A, the ultrasound apparatus
1000 may detect a first lesion 1711, corresponding to pre-
defined EOI information (for example, a central shear modu-
lus of about 31 kPa and an application range of about £5 kPa),
from an elastography image 1710. The ultrasound apparatus
1000 may mark the first lesion 1711 in the elastography image
1710. For example, the ultrasound apparatus 1000 may mark
aboundary line near the first lesion 1711, or mark an indicator
(for example, an icon, a number, a letter, etc.). The ultrasound
apparatus 1000 may mark measurement information 1720
(for example, a diameter (minimum-maximum) of about 9
mm to about 11 mm, an area of about 78.5 mm?, an average
shear modulus of about 27.69 kPa, a standard deviation of
about 2.74 kPa, and a category A).

[0161] The ultrasound apparatus 1000 may receive an
input, which selects a second lesion 1712, from the user. For
example, when the user desires to check measurement infor-
mation of the second lesion 1712, the user may touch (or click
on) the second lesion 1712.

[0162] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
detect an area having a certain size as the second lesion 1712
with respect to an input-received point. According to an
exemplary embodiment of the present inventive concept, the
ultrasound apparatus 1000 may compare shear moduliu (or
strain ratios) in the area having the certain size with respect to
the input-received point to detect a boundary in which a shear
modulus is largely changed, thereby identifying the second
lesion 1712.
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[0163] Moreover, according to an exemplary embodiment
of the present inventive concept, the ultrasound apparatus
1000 may change a level of a shear modulus included in EOI
information from 5 (for example, a central shear modulus of
about 31 kPa and an application range of about +5 kPa) to 2
(for example, a central shear modulus of about 18.6 kPa and
an application range of about +4 kPa), and detect the second
lesion 1712.

[0164] Referring to 17B, the ultrasound apparatus 1000
may mark the second lesion 1712, selected by the user, in the
elastography image 1710. For example, the ultrasound appa-
ratus 1000 may mark a boundary line near the second lesion
1712, oradd an indicator. Also, the ultrasound apparatus 1000
may provide measurement information (for example, a diam-
eter (minimum-maximum) of about 5 mm to about 6 mm, an
area of about 21.3 mm?, an average shear modulus of about
22.42 kPa, a standard deviation of about 1.94 kPa, and a
category B) of the second lesion 1712.

[0165] FIG. 18 is a flowchart for describing an elasticity
information providing method of an ultrasound apparatus
according to an exemplary embodiment of the present inven-
tive concept.

[0166] In operation S1810, the ultrasound apparatus 1000
may acquire an elastography image of an object. In this case,
the elastography image may include atleast one selected from
a shear elastography image using a shear wave and a relative
elastography image using a strain ratio.

[0167] For example, the ultrasound apparatus 1000 may
transmit a first ultrasound push signal into the object to induce
a shear wave. The ultrasound apparatus 1000 may transmit a
second ultrasound signal, for tracking a shear wave, to the
object, and receive, from the object, a response signal in
response to the second ultrasound signal. The ultrasound
apparatus 1000 may acquire a shear elastography image of the
object, based on the response signal. An operation, in which
the ultrasound apparatus 1000 acquires the shear elastogra-
phy image of the object by using the shear wave, has been
described above in operation S320 of FIG. 3, and, thus, its
detailed description will not be repeated here.

[0168] According to an exemplary embodiment of the
present inventive concept, the relative elastography image
using the strain ratio may be acquired.

[0169] For example, the ultrasound apparatus 1000 may
measure a strain ratio to generate a relative elastography
image. In this case, the ultrasound apparatus 1000 may match
the strain ratio with a luminance value or a color value to
display the relative elastography image as a gray image or a
color image.

[0170] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
measure a degree to which the object is deformed by a stress
applied to the object, thereby obtaining a strain image of the
object. Forexample, the ultrasound apparatus 1000 may com-
pare images of two frames, which are temporally adjacent to
each other, in image data which is continuously obtained
while or after a stress is applied to the object, and calculate
movement of a tissue. Examples of a method of calculating a
movement of a tissue may include a speckle tracking method
using ultrasound image data, a calculation method using auto-
correlation and cross-correlation in rf (radio frequency) data,
and a sum of absolute differences (SAD). Since a tumor is
stiffer than a normal tissue, a strain ratio of the tumor may be
lower than that of the normal tissue. Therefore, in a strain
image, a tumor may be marked darker than a normal tissue.
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[0171] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
compare a strain of a reference region and a strain of a mea-
surement region in strain image data to acquire strain ratio
information of the object. The measurement region may be a
partial region of the object which transmits an ultrasound
echo signal.

[0172] According to an exemplary embodiment of the
present inventive concept, a strain ratio of the measurement
region may be defined as “(strain of reference region)/(strain
of measurement region)”, but is not limited thereto. For
example, the strain ratio of the measurement region may be
defined as “(strain of measurement region)/(strain of refer-
ence region)”. However, for convenience of description, a
case in which the strain ratio of the measurement region is
defined as “strain of reference region/strain of measurement
region” will be described below as an example. A malignant
tumor has a low strain ratio, and thus, when the measurement
region corresponds to the malignant tumor, a strain ratio of
the measurement region may be high.

[0173] According to an exemplary embodiment of the
present inventive concept, the reference region may be manu-
ally selected by the user, or may be automatically selected by
the ultrasound apparatus 1000. Also, according to an exem-
plary embodiment of the present inventive concept, the ref-
erence region may be a normal tissue, a fat tissue, or a lesion
tissue.

[0174] When the reference region is the normal tissue and
the measurement region is the normal tissue, a strain ratio
(strain of normal tissue/strain of normal tissue) of the mea-
surement region may be 1. When the reference region is the
normal tissue and the measurement region is a tumor, a strain
ratio of the normal tissue is higher than that of the tumor, and
thus, a strain ratio (strain of normal tissue/strain of tumor) of
the measurement region may be a value greater than 1, (for
example, 10).

[0175] Inacase where the reference region is the fat tissue,
when the measurement region is a general tissue, the strain
ratio of the measurement region may be a first value greater
than 1, (for example, 2), and when the measurement region is
atumor tissue, the strain ratio of the measurement region may
be a second value (for example, 6) which is greater than the
first value (for example, 2). This is because a strain of the fat
tissue is greater than that of the general tissue, and is less than
that of the tumor tissue.

[0176] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
perform imaging of a strain ratio of each pixel (a measure-
ment region) to acquire a relative elastography image.
[0177] In operation S1820, the ultrasound apparatus 1000
may detect a region corresponding to an elastic modulus in an
image. Here, the elastic modulus may include a predefined
range of a shear modulus or a predefined range of a strain
ratio.

[0178] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
receive an input which sets a range of a shear modulus, and
store, in a memory, a received range of a shear modulus as an
elastic modulus of interest for detecting a lesion. When a
shear elastography image is subsequently acquired, the ultra-
sound apparatus 1000 may read the range of the shear modu-
lus stored in the memory, and identify an elastic modulus.
[0179] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
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receive an input which sets a range of a strain ratio, and store,
in the memory, a received strain ratio as an elastic modulus of
interest for detecting a lesion. When a relative elastography
image is subsequently acquired, the ultrasound apparatus
1000 may read a range of a strain ratio stored in the memory,
and identify an elastic modulus.

[0180] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
provide an elastic modulus list including a plurality of elastic
moduli. In this case, the plurality of elastic moduli may be a
plurality of predefined elastic moduli. The ultrasound appa-
ratus 1000 may receive one elastic modulus selected from the
elastic modulus list. In this case, the ultrasound apparatus
1000 may use an elastic modulus, selected by the user, as an
elastic modulus for detecting a lesion.

[0181] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
compare an elastic modulus of an acquired elastography
image with a predetermined elastic modulus. Furthermore,
the ultrasound apparatus 1000 may detect a partial region,
corresponding to the predetermined elastic modulus, in a
whole region of the acquired elastography image, based on a
result of the comparison. For example, the ultrasound appa-
ratus 1000 may detect a partial region, having a strain ratio
within a predetermined range of a strain ratio, in the whole
region of the acquired elastography image.

[0182] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
detect only a region having a certain size (for example, 20
mm?). For example, the ultrasound apparatus 1000 may
detect a region having a certain size in a region corresponding
to the predetermined elastic modulus.

[0183] In operation S1830, the ultrasound apparatus 1000
may provide information about the detected region along with
the elastography image.

[0184] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
provide measurement information about a lesion included in
the detected region. The measurement information about the
lesion may include at least one selected from identification
information of the lesion, category information, shear modu-
lus information, shear ratio information, and size information
of the lesion, but is not limited thereto.

[0185] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
mark the detected region in an elastography image. For
example, the ultrasound apparatus 1000 may mark a bound-
ary line near the detected region. Also, the ultrasound appa-
ratus 1000 may mark an indicator (for example, an icon, a
number, a letter, or the like), indicating a lesion in the detected
region, near the detected region.

[0186] According to an exemplary embodiment of the
present inventive concept, when a plurality of regions corre-
sponding to an elastic modulus are detected, the ultrasound
apparatus 1000 may mark a boundary line between the plu-
rality of regions. In this case, when a boundary deletion
request for at least one of the plurality of regions is received,
the ultrasound apparatus 1000 may remove informationabout
at least one region from a screen, based on the boundary
detection request. For example, the ultrasound apparatus
1000 may delete a boundary line of the at least one region, and
no longer mark measurement information about a lesion
included in the at least one region.
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[0187] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
receive an input which designates at least one region except a
region corresponding to an elastic modulus. At this time, the
ultrasound apparatus 1000 may further provide information
about the at least one designated region along with an elas-
tography image. This has been described above with refer-
ence to FIGS. 17A and 17B, and thus, a detailed description
thereof will not be repeated here.

[0188] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
receive an input which changes an elastic modulus to a new
elastic modulus. For example, the ultrasound apparatus 1000
may receive an input, which changes an elastic modulus,
through a slide bar for adjusting a level. Also, the ultrasound
apparatus 1000 may receive the new elastic modulus through
an input window to which an elastic modulus is input.

[0189] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
detect a new region, corresponding to a new elastic modulus,
from an elastography image. Also, the ultrasound apparatus
1000 may provide information about the new region. For
example, the ultrasound apparatus 1000 may mark a bound-
ary line near the detected new region. Furthermore, the ultra-
sound apparatus 1000 may provide measurement information
about a lesion included in the new region.

[0190] A case in which an elastic image is a shear elastog-
raphy image has been described above as an example with
reference to FIGS. 3 to 17B, and thus, in the following
description, a case in which an elastography image is a rela-
tive elastography image using a strain ratio will be described
as an example.

[0191] FIG. 19 is a diagram for describing a strain ratio of
interest.
[0192] As illustrated in FIG. 19, the ultrasound apparatus

1000 may receive strain ratio information of interest. A strain
ratio of interest may denote a strain ratio which is a reference
for detecting a lesion. The ultrasound apparatus 1000 may
provide an input window for inputting the strain ratio of
interest. A user may input the strain ratio of interest to the
ultrasound apparatus 1000 by using at least one selected from
a key input, a touch input, a motion input, and a voice input.
[0193] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
receive pieces of strain ratio information of interest. For
example, the ultrasound apparatus 1000 may receive, as first
strain ratio information 1910 of interest, identification infor-
mation (category A (malignant)), a central strain ratio 1911
(for example, about 6.5), an application range 1912 of about
+5, and a minimum area 1913 of about 200 mm?. Also, the
ultrasound apparatus 1000 may receive, as second strain ratio
information 1920 of interest, identification information (cat-
egory B (benign)), a central strain ratio 1921 (for example,
about 2.6), an application range 1922 of about =1, and a
minimum area 1923 of about 20 mm?,

[0194] FIG. 20 is a diagram showing an example of select-
ing a reference region for determining a strain ratio.

[0195] Referring to FIG. 20, the ultrasound apparatus 1000
may measure a degree to which an object is deformed by a
stress applied to the object, thereby obtaining strain informa-
tion of the object. Also, the ultrasound apparatus 1000 may
mark a strain image 2000 by using the acquired strain infor-
mation.
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[0196] The ultrasound apparatus 1000 may set, in a strain
image 2000, a reference region 2010 for calculating a strain
ratio, based on a user input. For example, the ultrasound
apparatus 1000 may receive a user input which selects a
partial region as the reference region 2010 in the strain image
2000 displayed on a screen.

[0197] The reference region may have various shapes. For
example, the reference region may be at least one selected
from a circle, an ellipse, a triangle, a tetragon, and a free
closed curve, but is not limited thereto. Also, a user input for
selecting the reference region 2010 may be various. For
example, the user input for selecting the reference region
2010 may be a key input, a touch input, a voice input, a
hovering input, or a motion input, but is not limited thereto.
[0198] The ultrasound apparatus 1000 may acquire strain
ratio information of the object by using a strain of the refer-
ence region 2010. For example, the ultrasound apparatus
1000 may calculate a strain ratio of a measurement region as
“strain of reference region/strain of measurement region”. In
this case, the measurement region may be a partial region of
the object.

[0199] A strain ofthe reference region 2010 may be at least
one selected from an average strain of the reference region, a
minimum strain of the reference region, and a maximum
strain of the reference region, but is not limited thereto.
[0200] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
receive a user input which selects a region, including a fat
tissue, as the reference region 2010. Therefore, when the
measurement region in the object is a general tissue, a strain
ratio of the measurement region may be a first value greater
than 1, (for example, 2). Also, when the measurement region
in the object is a tumor tissue, a strain ratio of the measure-
ment region may be a second value (for example, 6) which is
greater than the first value (for example, 2).

[0201] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
generate a relative elastography image by using a strain ratio
of the object. Hereinafter, an example in which the ultrasound
apparatus 1000 provides measurement information about a
lesion of interest along with a relative elastography image
using a strain ratio will be described in detail with reference to
FIG. 21.

[0202] FIG. 21 is adiagram showing an example of provid-
ing measurement information about a detected region.
[0203] Referring to FIG. 21, the ultrasound apparatus 1000
may display a relative elastography image 2100 of an object
by using strain ratio information of the object. For example,
the ultrasound apparatus 1000 may display the relative elas-
tography image 2100 based on a strain ratio, based on a result
which is obtained by mapping the strain ratio to a color value
or a luminance value.

[0204] The ultrasound apparatus 1000 may compare strain
ratio information of each region (or each pixel) of the relative
elastography image 2100 with pre-input strain ratio informa-
tion (for example, a central strain ratio of about 6.5, an appli-
cation range of about +3, and a minimum area of 20 mm?) of
interest to automatically detect a region 2110 including a
lesion. For example, the ultrasound apparatus 1000 may
detect a region, in which a strain ratio is 3.5 to 3.9, as the
region 2110 including the lesion in a whole region of the
relative elastography image 2100.

[0205] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
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mark a boundary line or an indicator 2120, which distin-
guishes the region 2110 including the lesion from the other
region, in the relative elastography image 2100.

[0206] Moreover, according to an exemplary embodiment
of the present inventive concept, the ultrasound apparatus
1000 may provide measurement information 2140 about the
region 2110 including the lesion. For example, the ultrasound
apparatus 1000 may provide, as measurement information
2140 about the region 2110 including the lesion, diameter
information 2141 of the region 2110, size information 2142
of the region 2110, strain ratio information 2143 and 2144 of
the region 2110, identification information (for example,
malignant) of the lesion, and category information 2145.
[0207] According to an exemplary embodiment of the
present inventive concept, the ultrasound apparatus 1000 may
mark an adjustment bar 2130 for adjusting a level of a strain
ratio. In this case, the ultrasound apparatus 1000 may change
arange of a strain ratio to a range of a new strain ratio, based
on an input which is received through the adjustment bar
2130.

[0208] FIGS.22and 23 are block diagrams for describing a
configuration of the ultrasound apparatus according to an
embodiment.

[0209] As illustrated in FIG. 22, the ultrasound apparatus
1000 according to an embodiment may include an ultrasound
image acquiring unit 1100, a user input unit 1200, and a
control unit 1300. However, only some of the elements are
essential elements. The ultrasound apparatus 1000 may
include additional elements, in addition to the illustrated ele-
ments. Alternatively, the ultrasound apparatus 1000 may
include less elements than the number of illustrated elements.
For example, as illustrated in FIG. 23, the ultrasound appa-
ratus 1000 according to an embodiment may include a display
unit 1400, a memory 1500, and a communication unit 1600,
in addition to the ultrasound image acquiring unit 1100, the
user input unit 1200, and the control unit 1300. Here, the
above-described elements may be connected to one another
via a bus 1700.

[0210] Hereinafter, the elements will be sequentially
described in detail.

[0211] The ultrasound image acquiring unit 1100 may
acquire ultrasound image data of the object 10. The ultra-
sound image data according to an embodiment may be 2D or
3D ultrasound image data of the object 10.

[0212] According to an embodiment, the ultrasound image
acquiring unit 1100 may include the probe 1010, an ultra-
sound transmission/reception unit 1020, and an image pro-
cessing unit 1030.

[0213] The probe 1010 transmits ultrasound waves to the
object 10 based on a driving signal applied by the ultrasound
transmission/reception unit 1020 and receives echo signals
reflected by the object 10. The probe 1010 includes a plurality
oftransducers, and the plurality of transducers oscillate based
on electric signals transmitted thereto and generate acoustic
energy, that is, ultrasound waves. Furthermore, the probe
1010 may be connected to the main body of the ultrasound
apparatus 1000 wiredly or wirelessly. According to embodi-
ments, the ultrasound apparatus 1000 may include a plurality
of the probes 1010. According to an embodiment, the probe
1010 may include at least one of a 1D probe, a 1.5D probe, a
2D (matrix) probe, and a 3D probe.

[0214] According to an embodiment, the probe 1010 may
transmit the first ultrasound signal pushing the object 10 to the
object 10, thereby inducing a shear wave. The probe 1010
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may transmit the second ultrasound signal for tracing the
shear wave to the object 10, and receive a response signal to
the second ultrasound signal from the object 10.

[0215] A transmission unit 1021 supplies a driving signal to
the probe 1010 and includes a pulse generating unit 1023, a
transmission delaying unit 1024, and a pulser 1025. The pulse
generating unit 1023 generates pulses for forming transmis-
sion ultrasound waves based on a predetermined pulse rep-
etition frequency (PRF), and the transmission delaying unit
1024 applies a delay time for determining transmission direc-
tionality to the pulses. Pulses to which a delay time is applied
correspond to a plurality of piezoelectric vibrators included in
the probe 1010, respectively. The pulser 1025 applies a driv-
ing signal (or a driving pulse) to the probe 1010 as a timing
corresponding to each pulse to which a delay time is applied.

[0216] A reception unit 1022 generates ultrasound data by
processing echo signals received from the probe 1010 and
may include an amplifier 1026, an analog-digital converter
(ADC) 1027, a reception delaying unit 1028, and a summing
unit 1029. The amplifier 1026 amplifies echo signals in each
channel, and the ADC 1027 analog-to-digital converts the
amplified echo signals. The reception delaying unit 1028
applies delay times for determining reception directionality
to the digital-converted echo signals, and the summing unit
1029 generates ultrasound data by summing the echo signals
processed by the reception delaying unit 1028. Also, accord-
ing to embodiments, the reception unit 1022 may not include
the amplifier 1026.

[0217] The image processing unit 1030 generates an ultra-
sound image by scan-converting ultrasound data generated by
the ultrasound transmission/reception unit 1020 and displays
the ultrasound image. Meanwhile, an ultrasound image may
include not only a grayscale ultrasound image obtained by
scanning an object inan amplitude (A) mode, a brightness (B)
mode, and a motion (M) mode, but also a blood flow Doppler
image showing blood flow (aka a color Doppler image), a
tissue Doppler image showing tissue movement, and a spec-
tral Doppler image showing moving speed of an object as a
waveform.

[0218] A B mode processing unit 1033 extracts B mode
components from ultrasound data and processes the B mode
components. An image generating unit 1032 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components.

[0219] Similarly, the elasticity processing unit 1034
extracts a shear-wave speed component (for example, a shear
modulus) from elasticity data to process the shear-wave
speed. The image generating unit 1032 may generate an elas-
trography image in which the shear-wave speed is expressed
as a color, on the basis of the shear-wave speed component
(for example, the shear modulus) extracted by the elasticity
processing unit 1034.

[0220] The elasticity processing unit 1034 may generate a
strain image by using strain information about a degree to
which an object is deformed by a stress applied to the object.
The strain image may be an elastrography image based on a
palpation technique.

[0221] The elasticity processing unit 1034 may compare a
strain of a reference region and a strain of a measurement
region in strain image data to acquire strain ratio information
of the object. The elasticity processing unit 1034 may gener-
ate a relative elastrography image based on a strain ratio by
using the strain ratio information of the object.
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[0222] Moreover, a Doppler processing unit (not shown)
may extract Doppler components from ultrasound data, and
the image generating unit 1032 may generate a Doppler
image indicating movement of an object as colors or wave-
forms based on the extracted Doppler components.

[0223] The image generating unit 1032 according to an
embodiment may generate a 3D ultrasound image via vol-
ume-rendering of volume data and may also generate an
elastrography image which gives a visual representation of
deformation of the object 10 due to a pressure.

[0224] Furthermore, the image generating unit 1032 may
display various pieces of additional information in an ultra-
sound image by using texts and graphics. For example, the
image generating unit 1032 may add at least one annotation,
associated with all or a portion of an ultrasound image, to the
ultrasound image. That is, the image generating unit 1032
may analyze the ultrasound image, and recommend the at
least one annotation associated with all or a portion of an
ultrasound image, based on a result of the analysis. Also, the
image generating unit 1032 may add additional information,
corresponding to a region of interest (ROT) selected by a user,
to the ultrasound image.

[0225] Theimage processing unit 1030 may extract an ROI
from the ultrasound image by using an image processing
algorithm. For example, the image processing unit 1030 may
extract an ROI from an elastography image on the basis of a
shear wave. In this case, the image processing unit 1030 may
add a color, a pattern, or a border to the ROIL

[0226] The user input unit 1200 may denote a device that
allows a user (for example, a sonographer) to input data used
to control the ultrasound apparatus 1000. For example, the
user input unit 1200 may include a keypad, a dome switch, a
touch pad (for example, of a contact capacitive type, a press
resistive type, an infrared sensing type, a surface ultrasonic
conductive type, an integration tension measurement type, or
a piezo effect type), a jog wheel, and a jog switch, but is not
limited thereto. For example, the user input unit 1200 may
further include various other input devices including an elec-
trocardiogram measuring module, a respiration measuring
module, a voice recognition sensor, a gesture recognition
sensor, a fingerprint recognition sensor, an iris recognition
sensor, a depth sensor, a distance sensot, etc.

[0227] According to an embodiment, the user input unit
1200 may detect a proximity touch in addition to a real touch.
The user input unit 1200 may detect a touch input (for
example, touch & hold, tap, double taps, flick, or the like) for
the ultrasound image. Also, the user input unit 1200 may
detect a drag input from a position at which a touch input is
detected. In addition, the user input unit 1200 may detect
multi touch inputs (for example, pinches) for at least one two
positions included in the ultrasound image.

[0228] According to an embodiment, the user input unit
1200 may receive EOI information from the user. For
example, the user input unit 1200 may receive a range of a
shear modulus as the EOI information. The user input unit
1200 may receive a central shear modulus and an application
range as the EOI information. The user input unit 1200 may
receive selection of an EOI range from an elasticity range list
including a plurality of elasticity ranges.

[0229] According to an embodiment, the user input unit
1200 may receive information about an SOI from the user.
The user input unit 1200 may receive a boundary deletion
request for at least one TOI of a plurality of TOIs correspond-
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ing to the EOI information. According to an embodiment, the
user input unit 1200 may receive an input that changes the
FEOI information.

[0230] The control unit 1300 controls an overall operation
of the ultrasound apparatus 1000. For example, the control
unit 1300 may overall control the ultrasound image acquiring
unit 1100, the user input unit 1200, the display unit 1400, the
memory 1500, and the communication unit 1600.

[0231] The control unit 1300 may detect a region corre-
sponding to an elastic modulus in an elastrography image. For
example, the control unit 1300 may identify the elastic modu-
lus, and compare an elastic modulus of the elastrography
image with the elastic modulus, thereby detecting a region
corresponding to the elastic modulus.

[0232] The control unit 1300 may detect a region having a
certain size in the region corresponding to the elastic modu-
lus.

[0233] According to an embodiment, the control unit 1300
may detect a TOI corresponding to EOI information from an
elastography image. For example, the control unit 1300 may
detect the TOI on the basis of a result that is obtained by
comparing elasticity information of the elastography image
and the EOI information. The control unit 1300 may detect
the TOI in further consideration of information about an SOL.
[0234] According to an embodiment, when an input that
changes the EOI information is received, the control unit
1300 may detect a new TOI corresponding to the changed
FEOI information.

[0235] Thecontrolunit 1300 may mark the detected TOI on
the elastography image. For example, the control unit 1300
may mark a boundary line on the detected TOI. The control
unit 1300 may delete a boundary line of at least one TOI on
the basis of a boundary deletion request.

[0236] The control unit 1300 may provide the elasticity
range list including the plurality of elasticity ranges, and
receive selection of an elasticity range of interest from the
elasticity range list through the user input unit 1200.

[0237] Thedisplay unit 1400 displays and outputs informa-
tion obtained through processing by the ultrasound apparatus
1000. For example, the display unit 1400 may display the
ultrasound image, or display a user interface (UI) or a GUI
relating to a control panel.

[0238] The display unit 1400 may display an elastography
image that is acquired by using a shear wave. In this case, the
display unit 1400 may display the elastography image to
overlap ona B mode image. The display unit may mark a TOI
on the elastography image. For example, the display unit
1400 may mark a boundary line on the TOL

[0239] According to an embodiment, the display unit 1400
may display an input window that enables EOI information to
be input. Also, the display unit 1400 may display the elasticity
range list including the plurality of elasticity ranges.

[0240] The display unit 1400 may provide measurement
information about a TOL. When a plurality of TOIs are
detected, the display unit may provide measurement informa-
tion corresponding to each of the plurality of TOlIs.

[0241] When the display unit 1400 is configured with a
touch screen in which a touch pad forms a layer structure, the
display unit 1400 may be used as an input device in addition
to an output device. The display unit 1400 may include at least
one of a liquid crystal display (LCD), a thin film transistor-
liquid crystal display (TFT-LCD), an organic light-emitting
diode (OLED) display, a flexible display, a 3D display, and an
electrophoretic display. The ultrasound apparatus 1000 may
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include two or more the display units 1200 depending on an
implementation type of the ultrasound apparatus 1000.
[0242] The memory 1500 may store a program for process-
ing of the control unit 1300, and store input/output data (for
example, ultrasound image data, elasticity data, information
about an RO, an ultrasound image, examinee information,
probe information, a body marker, additional information,
etc.).

[0243] The memory 1500 may include at least one type of
storage medium of a flash memory, a hard disk, a multimedia
micro card, a card type memory (a secure digital (SD) card, an
extreme digital (XD) card, or the like), a random access
memory (RAM), a static random access memory (SRAM), a
read-only memory (ROM), an electrically erasable program-
mable read-only memory (EEPROM), and a programmable
read-only memory (PROM). Also, the ultrasound apparatus
1000 may use web storage or a cloud server which performs
a storage function of the memory 1500 on the Web.

[0244] The communication unit 1600 may include one or
more elements that enable communication between the ultra-
sound apparatus 1000 and a server 2000, between the ultra-
sound apparatus 1000 and a first device 3000, and between the
ultrasound apparatus 1000 and a second device 4000. For
example, the communication unit 1600 may include a short-
range communication module 1610, a wired communication
module 1620, and a mobile communication module 1630.
[0245] The short-range communication module 1610 may
refer to a module for close-distance communication within a
predetermined distance. Examples of close-distance commu-
nication techniques according to an embodiment may include
wireless LAN, Wi-Fi, Bluetooth, Zigbee, Wi-Fi Direct
(WFD), ultra wideband (UWB), infrared data association
(IrDA), Bluetooth Low Energy (BLE), and near field com-
munication (NFC). However, the embodiments are not lim-
ited thereto.

[0246] The wired communication module 1620 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an embodiment may include a pair cable, a
coaxial cable, an optical fiber cable, and an Ethernet cable.
[0247] The mobile communication module 1630 transmits
and receives wireless signals with at least one of a base
station, external devices (for example, the first device 3000
and the second device 4000), and the server 2000 over a
mobile communication network. Here, the wireless signals
may include voice call signals, video call signals, or various
types of data for transmission and reception of text/multime-
dia messages.

[0248] The communication unit 1600 is wiredly or wire-
lessly connected to a network 30 and communicates with an
external device or a server. The communication unit 1600
may exchange data with a hospital server or another medical
device in a hospital that is connected with a picture archiving
and communications system (PACS). Furthermore, the com-
munication unit 1600 may perform data communication
according to the digital imaging and communications in
medicine (DICOM) standard.

[0249] The communication unit 1600 may transmit and
receive data related to diagnosis of an object, e.g., an ultra-
sound image, ultrasound data, and Doppler data of the object,
via the network 30 and may also transmit and receive medical
images obtained via other medical devices, e.g., a computer-
ized tomography (CT) image, a magnetic resonance (MR)
image, and an X-ray image. Furthermore, the communication



US 2015/0148676 Al

unit 1600 may receive information related to diagnosis his-
tory or treatment schedule of a patient from a server and
utilize the information for diagnosing the patient.

[0250] One or more of the above embodiments may be
implemented as computer readable codes in a computer read-
able medium. The computer readable recording medium may
include a program instruction, a local data file, a local data
structure, or a combination thereof. The computer readable
recording medium may be specific to exemplary embodi-
ments or commonly known to those of ordinary skill in com-
puter software. The computer readable recording medium
includes all types of recordable media in which computer
readable data are stored. Examples of the computer readable
recording medium include a magnetic medium, such as a hard
disk, a floppy disk and a magnetic tape, an optical medium,
such as a CD-ROM and a DVD, a magneto-optical medium,
such as a floptical disk, and a hardware memory, such as a
ROM, a RAM and a flash memory, specifically configured to
store and execute program instructions. Furthermore, the
computer readable recording medium may be implemented in
the form of a transmission medium, such as light, wire or
waveguide, to transmit signals which designate program
instructions, local data structures and the like. Examples of
the program instruction include machine code, which is gen-
erated by a compiler, and a high level language, which is
executed by a computer using an interpreter and so on.
[0251] It should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0252] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope as defined by the following claims.

What is claimed is:

1. An elasticity information providing method performed
by an ultrasound apparatus, the elasticity information provid-
ing method comprising:

acquiring an elastography image of an object;

detecting a region corresponding to a predetermined elastic

modulus in the elastography image; and

providing information about a detected region along with

the elastography image.

2. The elasticity information providing method of claim 1,
wherein the elastography image comprises at least one
selected from: a shear elastography image produced using a
shear wave and a relative elastography image produced using
a strain ratio.

3. The elasticity information providing method of claim 1,
wherein the detecting of the region comprises:

identifying the predetermined elastic modulus;

comparing an elastic modulus of the elastography image

with the predetermined elastic modulus; and

detecting the region corresponding to the predetermined

elastic modulus based on a result of the comparing.

4. The elasticity information providing method of claim 3,
wherein the identifying ofthe predetermined elastic modulus
comprises receiving an input which sets a range of a shear
modulus.
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5. The elasticity information providing method of claim 3,
wherein the identifying of the predetermined elastic modulus
comprises receiving an input which sets a range of a strain
ratio.

6. The elasticity information providing method of claim 3,
wherein the identifying of the predetermined elastic modulus
comprises:

providing an elastic modulus list including elastic moduli;

and

receiving a selection of an elastic modulus from the elastic

modulus list.

7. The elasticity information providing method of claim 1,
wherein the acquiring of the elastography image comprises:

inducing a shear wave by transmitting a first ultrasound

push signal into the object;

transmitting a second ultrasound signal to trace the shear

wave into the object, and receiving a response signal in
response to the second ultrasound signal from the object;
and

acquiring the elastography image of the object based on the

response signal.

8. The elasticity information providing method of claim 1,
wherein the detecting of the region comprises detecting a
region having a certain size in the region corresponding to the
predetermined elastic modulus.

9. The elasticity information providing method of claim 1,
wherein the providing of the information comprises provid-
ing measurement information about the detected region.

10. The elasticity information providing method ofclaim 9,
wherein the measurement information about the detected
region comprises at least one selected from: identification
information, category information, shear modulus informa-
tion, strain ratio information, and size information of a lesion
included in the detected region.

11. The elasticity information providing method of claim 1,
wherein the providing of the information comprises marking
the detected region in the elastography image.

12. The elasticity information providing method ofclaim 1,
wherein the providing of the information comprises:

marking a boundary line in a plurality of regions corre-

sponding to the predetermined elastic modulus;
receiving a boundary deletion request for at least one of the
plurality of regions; and

removing information about the at least one region from a

screen based on the boundary deletion request.

13. The elasticity information providing method ofclaim 1,
further comprising:

receiving an input which designates at least one region

other than the region corresponding to the predeter-
mined elastic modulus; and

providing information about the at least one region that is

designated along with the elastography image.

14. The elasticity information providing method of claim 1,
further comprising:

receiving an input which changes the predetermined elastic

modulus to a new elastic modulus; and

detecting a new region corresponding to the new elastic

modulus in the elastography image.

15. The elasticity information providing method of claim
14, wherein the receiving of the input comprises:

displaying an adjustment bar to adjust a level of an elastic

modulus; and
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changing the predetermined elastic modulus to the new
elastic modulus based on an input which is received
through the adjustment bar.

16. An ultrasound apparatus, comprising:

an ultrasound image acquiring unit configured to acquire
an elastography image of an object;

a control unit configured to detect a region corresponding
to a predetermined elastic modulus in the elastography
image; and

a display unit configured to provide information about a
detected region that is detected along with the elastog-
raphy image.

17. The ultrasound apparatus of claim 16, wherein the
control unit identifies the predetermined elastic modulus, and
compares an elastic modulus of the elastography image with
the predetermined elastic modulus to detect the region corre-
sponding to the predetermined elastic modulus.

18. The ultrasound apparatus of claim 17, further compris-
ing a user input unit configured to receive an input which sets
one of a range of a shear modulus and a range of a strain ratio
as an elastic modulus.

19. The ultrasound apparatus of claim 18, wherein,

the display unit provides an elastic modulus list including
elastic moduli, and

the user input unit receives a selection of an elastic modu-
lus from the elastic modulus list.

20. The ultrasound apparatus of claim 16, wherein the

ultrasound image acquiring unit comprises:

aprobe configured to transmit a first ultrasound push signal
into the object to induce a shear wave, transmit a second
ultrasound signal tracing the shear wave into the object,
and receive a response signal in response to the second
ultrasound signal from the object; and

an image generation unit configured to generate the elas-
tography image of the object based on the response
signal.
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21. The ultrasound apparatus of claim 16, wherein the
control unit detects a region having a certain size in the region
corresponding to the predetermined elastic modulus.

22. The ultrasound apparatus of claim 16, wherein the
display unit provides measurement information about the
detected region.

23. The ultrasound apparatus of claim 16, wherein the
control unit marks the detected region in the elastography
image.

24. The ultrasound apparatus of claim 16, wherein,

the display unit marks a boundary line in a plurality of
regions corresponding to the predetermined -elastic
modulus, and

the control unit receives a boundary deletion request for at
least one of the plurality of regions, and removes infor-
mation about the at least one region from a screen based
on the boundary deletion request.

25. The ultrasound apparatus of claim 16, further compris-
ing a user input unit configured to receive an input which
designates at least one region other than the region corre-
sponding to the predetermined elastic modulus,

wherein the display unit further provides information
about the at least one region that is designated.

26. The ultrasound apparatus of claim 16, wherein,

the ultrasound apparatus receives an input which changes

the predetermined elastic modulus to a new elastic
modulus, and

the control unit detects a new region corresponding to the
new elastic modulus in the elastography image.
27. A non-transitory computer-readable storage medium
storing a program to execute the elasticity information pro-
viding method of claim 1.

I S T T



RiES

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

REHAA

S EREESE

BE(X)

HEFRFHTHREEEEREFEZEERBNKRNWBEREER , £
NERERGEGHOTERERENNAXE , UAREH#XTEHME
R & — AL B X R 15 B

ATHEEF#EMEREEG LR CHEN S ENBESRE

US20150148676A1 AT () B
US14/555915 i
ZEfRFH/RA At

SAMSUNG ELECTRONICS CO. , LTD.

SAMSUNG ELECTRONICS CO. , LTD.

CHOI KI WAN

PARK JI YOUNG
KONG DONG GEON
PARK JUN HO

LEE HYOUNG KiI

CHOI, KI-WAN
PARK, JI-YOUNG
KONG, DONG-GEON
PARK, JUN-HO

LEE, HYOUNG-KI

AG61B8/00 A61B8/08

2015-05-28

2014-11-28

patsnap

A61B8/468 A61B8/485 A61B8/085 A61B8/5223 A61B8/4405 A61B8/54 A61B8/5207 A61B8/4444

A61B8/461

1020140158059 2014-11-13 KR
1020130146446 2013-11-28 KR

Espacenet USPTO

1100 1000
020 1030 |
UTRASOUD TRASSUESOECEPTON AT oy WGEPROCESSIS T
RECEPTICN UNT DATA
1026 D27 1028 1029 Pﬁgﬁmgﬁ 1032
AGE

o

B MODE

TRARSHISSICN LAIT
1025

PLLSE

ROCESSING | T ] CENERATHG -1
e 1l
0
O |\ revwom

T PROCESSING F-

- 2000

sem [.aom0

L

E

DEYICE

SECONE |+
CEVICE |-a000

LL TRANSMISSION Y | l_| N
PUUSER - e TG
‘ 120
EPLAY UNT
AB00 1500
COMMINGATON T ¢
[ SHORT RANGE COMMUNICATION WODULE | 1200
550 F—[_WRJIDBE |
[ W) COMIUNGEZONMOTUE 1309
1630 CONTHCL N~
[ VORIECOMUNCATONHORLE ]

L

\Z\I'IDO



https://share-analytics.zhihuiya.com/view/e2f9d843-dec6-4170-9333-23f2c40609bc
https://worldwide.espacenet.com/patent/search/family/053183213/publication/US2015148676A1?q=US2015148676A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150148676%22.PGNR.&OS=DN/20150148676&RS=DN/20150148676

