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Description

Technical Field

[0001] One or more exemplary embodiments relate to
methods of measuring a stress applied to a tissue and
generating an elasticity image based on the measured
stress, and ultrasound imaging apparatuses thereof.

Background Art

[0002] An ultrasound imaging apparatus irradiates ul-
trasound signals generated by transducers of a probe to
an object and receives echo signals reflected from the
object, thereby obtaining images regarding the interior
of the object (e.g., tomography of soft tissues or blood
flow). In particular, an ultrasound imaging apparatus may
be used for medical purposes including observation of
the interior of an object, detection of foreign substances,
and diagnosis of damage. The ultrasound imaging ap-
paratus may display information regarding an object in
real time. Furthermore, unlike the use of X-rays, use of
the ultrasound imaging apparatus is very safe as it does
not involve any radioactive exposure. Therefore, the ul-
trasound imaging apparatus is widely used together with
other types of imaging apparatuses such as computer
tomography (CT) scanners, magnetic resonance imag-
ing (MRI) apparatuses, and nuclear medical diagnosis
apparatuses.
[0003] A tumor generated in a soft tissue such as a
breast or a prostate is harder than its surroundings. Since
a tumor tissue is harder than a surrounding tissue, a di-
agnosing doctor may diagnose the presence/absence of
a tumor by directly pressing a tissue.
[0004] The ultrasound imaging apparatus may replace
palpation. For example, the ultrasound imaging appara-
tus may transmit an ultrasound signal to a tissue and
calculate the hardness of the tissue based on an ultra-
sound echo signal received from the tissue.
[0005] US 2009/0216119 A1 is related to a method for
determining shear information with ultrasound. The
shear modulus information is measured for sparse loca-
tions in a scanning field of view. For other locations, the
shear modulus information is calculated as a function of
the sparsely measured values and strain information. For
example, shear modulus values are provided for every
grid point in a field of view based on strain values for
every grid point and on sparsely measured shear mod-
ulus values.

Disclosure of Invention

Solution to Problem

[0006] One or more exemplary embodiments include
methods of measuring a stress applied to a tissue and
generating an elasticity image based on the measured
stress, and ultrasound imaging apparatuses thereof.

[0007] The invention is defined in claim 1 and claim 7.
Further aspects and preferred embodiments are defined
in the appended claims. Aspects, embodiments and ex-
amples of the present disclosure which do not fall under
the scope of the appended claims do not form part of the
invention and are merely provided for illustrative purpos-
es.
[0008] 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 of
the presented exemplary embodiments.

Advantageous Effects of Invention

[0009] One or more exemplary embodiments include
methods of generating an elasticity image more accu-
rately.

Brief Description of Drawings

[0010] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of exemplary embodiments, taken in conjunc-
tion with the accompanying drawings in which:

FIG. 1 is a block diagram illustrating a configuration
of an ultrasound imaging apparatus according to an
exemplary embodiment;
FIG. 2 is a flowchart illustrating a method of calcu-
lating, by an ultrasound imaging apparatus, a stress
applied to at least one point in a region of interest
(ROI), according to an exemplary embodiment;
FIG. 3 is a diagram illustrating a method of calculat-
ing, by an ultrasound imaging apparatus, a shear
modulus of at least one point in an ROI, according
to an exemplary embodiment;
FIG. 4 is a diagram illustrating a method of calculat-
ing, by an ultrasound imaging apparatus, a shear
modulus of an ROI, based on a propagation velocity
of a shear wave in the ROI, according to an exem-
plary embodiment;
FIG. 5 is a diagram illustrating a method of calculat-
ing, by an ultrasound imaging apparatus, a strain of
an ROI, according to an exemplary embodiment;
FIGS. 6a and 6b are diagrams illustrating a strain of
a tissue generated by a force applied manually
through a probe of an ultrasound imaging apparatus,
according to an exemplary embodiment;
FIG. 7 is a diagram illustrating a method of calculat-
ing, by an ultrasound imaging apparatus, a strain
generated by a force applied manually through a
probe, according to an exemplary embodiment;
FIG. 8 is a diagram illustrating a method of calculat-
ing, by an ultrasound imaging apparatus, a stress of
an ROI, based on a shear modulus and a strain, ac-
cording to an exemplary embodiment;
FIG. 9 is a flowchart illustrating a method of guiding,
by an ultrasound imaging apparatus, an operation
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of a user pressing a probe, according to an exem-
plary embodiment;
FIG. 10 is a diagram illustrating a method of calcu-
lating, by an ultrasound imaging apparatus, a force
of a user applied to an object through a probe, ac-
cording to an exemplary embodiment;
FIG. 11 is a diagram illustrating a method of guiding,
by an ultrasound imaging apparatus, an operation
of a user pressing a probe when capturing a shear
modulus image, according to an exemplary embod-
iment;
FIG. 12 is a diagram illustrating a method of guiding,
by an ultrasound imaging apparatus, an operation
of a user pressing a probe when capturing a shear
modulus image, according to an exemplary embod-
iment;
FIG. 13 is a flowchart illustrating a method of recal-
culating, by an ultrasound imaging apparatus, a
strain by using a stress, according to an exemplary
embodiment;
FIG. 14 is a diagram illustrating a method of recal-
culating, by an ultrasound imaging apparatus, a
strain by using a stress, according to an exemplary
embodiment;
FIG. 15 is a diagram illustrating a method of recal-
culating, by an ultrasound imaging apparatus, a
strain by using a stress, according to another exem-
plary embodiment;
FIGS. 16a and 16b are diagrams illustrating a meth-
od of displaying, by an ultrasound imaging appara-
tus, a shear modulus image and a strain image, ac-
cording to an exemplary embodiment; and
FIG. 17 is a block diagram illustrating a configuration
of an ultrasound imaging apparatus according to an
exemplary embodiment.

Best Mode for Carrying out the Invention

[0011] According to one or more exemplary embodi-
ments, an ultrasound imaging apparatus includes: a data
acquiring unit transmitting an ultrasound signal to a re-
gion of interest (ROI) of an object and then receiving an
ultrasound echo signal reflected from the ROI of the ob-
ject; and a control unit calculating a shear modulus of at
least one point in the ROI and a strain of the at least one
point, based on the received ultrasound echo signal, and
calculating a stress applied to the at least one point by
using the shear modulus and the strain.
[0012] The control unit may generate first information
representing a compression stress applied to the object,
based on the stress, and the ultrasound imaging appa-
ratus further includes a display unit displaying a user in-
terface screen including the first information under the
control of the control unit.
[0013] The control unit may recalculate the strain,
based on a value obtained by dividing the strain by the
stress, and form a strain image of the ROI by using the
recalculated strain.

[0014] The control unit may divide the ROI into at least
one region, calculate an average stress of each of the at
least one region, and recalculate the strain, based on a
value obtained by dividing the strain by the average
stress.
[0015] The control unit may calculate a value, which is
proportional to a product of the shear modulus and the
strain, as the stress.
[0016] The control unit may acquire a shear modulus
map of the ROI by using the shear modulus of the at least
one point, acquire a strain imaging map of the ROI by
using the strain of the at least one point, and calculate
the stress of the ROI, based on the shear modulus map
and the strain imaging map.
[0017] The ultrasound signal may include a first ultra-
sound signal used to generate a reference image, a sec-
ond ultrasound signal that is a focused ultrasonic pulse
used to apply an acoustic force to the ROI, and a third
ultrasound signal used to calculate a displacement of the
at least one point in the ROI, which is generated by the
acoustic force and a pressure applied through an ultra-
sound probe, and the ultrasound echo signal may include
a first ultrasound echo signal corresponding to the first
ultrasound signal and a third ultrasound echo signal cor-
responding to the third ultrasound signal, which are re-
flected from the ROI of the object.
[0018] The control unit may include a shear modulus
calculating module calculating a time-dependent dis-
placement of the at least one point, based on the third
ultrasound echo signal, and calculating the shear mod-
ulus of the at least one point by using the time-dependent
displacement.
[0019] The control unit may include a strain calculating
module acquiring reference image data of the ROI by
using the first ultrasound echo signal, calculating a dis-
placement of the at least one point in the ROI, which is
generated by a pressure applied through the ultrasound
probe, based on the reference image data and the third
ultrasound echo signal, and calculating the strain of the
at least one point in the ROI by differentiating the calcu-
lated displacement.
[0020] The control unit may generate a shear modulus
image of the ROI by using the shear modulus of the at
least one point and generates a strain image of the ROI
by using the strain of the at least one point, and the ul-
trasound imaging apparatus may further include a display
unit displaying the shear modulus image and the strain
image simultaneously on a screen.
[0021] According to one or more exemplary embodi-
ments, an ultrasound image processing method in-
cludes: transmitting an ultrasound signal to a region of
interest (ROI) of an object and then receiving an ultra-
sound echo signal reflected from the ROI of the object;
calculating a shear modulus of at least one point in the
ROI, based on the received ultrasound echo signal; cal-
culating a strain of the at least one point, based on the
received ultrasound echo signal; and calculating a stress
applied to the at least one point by using the shear mod-
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ulus and the strain.
[0022] The ultrasound image processing method may
further include: generating first information representing
a compression stress applied to the object, based on the
stress; and displaying a user interface screen including
the first information.
[0023] The ultrasound image processing method may
further include: recalculating the strain, based on a value
obtained by dividing the strain by the stress; and forming
a strain image of the ROI by using the recalculated strain.
[0024] The recalculating of the strain based on the val-
ue obtained by dividing the strain by the stress may in-
clude dividing the ROI into at least one region, calculating
an average stress of each of the at least one region, and
recalculating the strain, based on a value obtained by
dividing the strain by the average stress.
[0025] The calculating of the stress applied to the at
least one point by using the shear modulus and the strain
may include calculating a value, which is proportional to
a product of the shear modulus and the strain, as the
stress.
[0026] The calculating of the stress applied to the at
least one point by using the shear modulus and the strain
may include acquiring a shear modulus map of the ROI
by using the shear modulus of the at least one point,
acquiring a strain imaging map of the ROI by using the
strain of the at least one point, and calculating the stress
of the ROI, based on the shear modulus map and the
strain imaging map.
[0027] The ultrasound signal may include a first ultra-
sound signal used to generate a reference image, a sec-
ond ultrasound signal that is a focused ultrasonic pulse
used to apply an acoustic force to the ROI, and a third
ultrasound signal used to calculate a displacement of the
at least one point in the ROI, which is generated by the
acoustic force and a pressure applied through an ultra-
sound probe, and the ultrasound echo signal may include
a first ultrasound echo signal corresponding to the first
ultrasound signal and a third ultrasound echo signal cor-
responding to the third ultrasound signal, which are re-
flected from the ROI of the object.
[0028] The calculating of the shear modulus of the at
least one point may include: calculating a time-depend-
ent displacement of the at least one point, based on the
third ultrasound echo signal; and calculating the shear
modulus of the at least one point by using the time-de-
pendent displacement.
[0029] The calculating of the strain of the at least one
point may include: acquiring reference image data of the
ROI by using the first ultrasound echo signal; calculating
a displacement of the at least one point in the ROI, which
is generated by a pressure applied through the ultra-
sound probe, based on the reference image data and the
third ultrasound echo signal; and calculating the strain of
the at least one point in the ROI by differentiating the
calculated displacement.
[0030] The ultrasound image processing method may
further include: generating a shear modulus image of the

ROI by using the shear modulus of the at least one point;
generating a strain image of the ROI by using the strain
of the at least one point; and displaying the shear mod-
ulus image and the strain image simultaneously on a
screen.

Mode for the Invention

[0031] Reference will now be made in detail to exem-
plary embodiments, examples of which are illustrated in
the accompanying drawings, wherein like reference nu-
merals refer to like elements throughout. In this regard,
the present exemplary embodiments may have different
forms and should not be construed as being limited to
the descriptions set forth herein. Accordingly, the exem-
plary embodiments are merely described below, by re-
ferring to the figures, to explain aspects of the present
description. As used herein, 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.
[0032] The terms used in the specification will be briefly
described, and the exemplary embodiments will be de-
scribed in detail.
[0033] The terms used in this specification are those
general terms currently widely used in the art in consid-
eration of functions in regard to the exemplary embodi-
ments, 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 se-
lected by the applicant, and in this case, the detailed
meaning thereof will be described in the detailed descrip-
tion of the exemplary embodiments. 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 of the exemplary embodiments.
[0034] When something "comprises" or "includes" a
component, another component may be further included
unless specified otherwise. Also, the terms "units" and
"modules" used herein refer to units that perform at least
one function or operation, and the units may be imple-
mented as hardware or software or a combination of
hardware and software.
[0035] Throughout the specification, an "ultrasound
image" refers to an image of an object, which is acquired
by using ultrasonic waves. Also, an "object" may include
a person or an animal, or a part of a person or an animal.
For example, the object may include organs such as a
liver, a heart, a womb, a brain, a breast, and an abdomen,
or a blood vessel. Also, the object may include a phan-
tom. The phantom may refer to a material having a vol-
ume that is approximately the intensity and effective
atomic number of a living thing, and may include a spher-
ical phantom having a property similar to a human body.
[0036] Also, a "user" may be, but is not limited to, a
medical expert, such as a doctor, a nurse, a medical lab-
oratory technologist, or a medial image expert, or a tech-
nician who repairs a medical apparatus.
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[0037] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings so that those of ordinary skill in the art may
easily implement the exemplary embodiments. However,
the exemplary embodiments may have different forms
and should not be construed as being limited to the de-
scriptions set forth herein. In addition, portions irrelevant
to the description of the exemplary embodiments will be
omitted in the drawings for a clear description of the ex-
emplary embodiments, and like reference numerals will
denote like elements throughout the specification.
[0038] FIG. 1 is a block diagram illustrating a configu-
ration of an ultrasound imaging apparatus 1000 accord-
ing to an exemplary embodiment.
[0039] Referring to FIG. 1, the ultrasound imaging ap-
paratus 1000 may include a display unit 230, a control
unit 600, and a data acquiring unit 100. The display unit
230, the control unit 600, and the data acquiring unit 100
may be connected to one another via buses 700. Also,
the ultrasound imaging apparatus 1000 may further in-
clude a probe (or ultrasound probe) 20 in addition to the
display unit 230, the control unit 600, and the data ac-
quiring unit 100.
[0040] The probe 20 may transmit an ultrasound signal
to an object 10 according to a driving signal applied from
the data acquiring unit 100 and receive an echo signal
reflected from the object 10. The probe 20 may include
a plurality of transducers, and the plurality of transducers
may oscillate according to an electrical signal transmitted
thereto and generate an ultrasonic wave, that is, acoustic
energy. Also, the probe 20 may be connected to a main
body of the ultrasound imaging apparatus 1000 by wire
or wirelessly. According to exemplary embodiments, the
ultrasound imaging apparatus 1000 may include a plu-
rality of probes 20.
[0041] The data acquiring unit 100 may include a trans-
mission unit 110 and a reception unit 120. The transmis-
sion unit 110 may supply a driving signal to the probe 20.
The reception unit 120 may generate ultrasound data by
processing the echo signal received from the probe 20.
[0042] In general, the control unit 600 may control over-
all operations of the ultrasound imaging apparatus 1000.
For example, the control unit 600 may control the data
acquiring unit 100 and the display unit 230.
[0043] The control unit 600 may include a shear mod-
ulus calculating module 610, a strain calculating module
620, and a stress calculating module 630.
[0044] The shear modulus calculating module 610 may
calculate a shear modulus of a region of interest (ROI)
of the object 10, based on the ultrasound data generated
by the data acquiring unit 100. The shear modulus may
refer to a modulus that represents elasticity of an object
with respect to one face of the object.
[0045] The strain calculating module 620 may calcu-
late a strain generated by a force applied to the ROI of
the object 10, based on the ultrasound data generated
by the data acquiring unit 100. The strain may refer to a
variation of an object per unit length.

[0046] Also, the stress calculating module 630 may cal-
culate a stress applied to the ROI of the object 10, based
on the shear modulus calculated by the shear modulus
calculating module 610 and the strain calculated by the
strain calculating module 620. For example, the stress
calculating module 630 may calculate a value, which is
proportional to a product of the shear modulus and the
strain, as the stress.
[0047] Also, the strain calculating module 620 may re-
calculate the strain of the ROI of the object 10, based on
the calculated stress. For example, the strain calculating
module 620 may recalculate a value, which is proportion-
al to a value obtained by dividing the precalculated strain
by the calculated stress, as the strain.
[0048] The display unit 230 may generate an ultra-
sound image by scan-converting the ultrasound data
generated by the data acquiring unit 100 and display the
ultrasound image.
[0049] Also, the display unit 230 may display a strain
image of the ROI of the object 10 generated based on
the strain calculated by the strain calculating module 620.
In this case, together with the strain image, the display
unit 230 may display the force applied to the ROI of the
object 10 by the probe 20. Also, the display unit 230 may
display a shear modulus image of the ROI of the object
10 generated based on the shear modulus calculated by
the shear modulus calculating module 610.
[0050] Also, the display unit 230 may display the shear
modulus image and the strain image simultaneously on
a screen. Also, the display unit 230 may display the shear
modulus image and the strain image in a superimposed
manner.
[0051] FIG. 2 is a flowchart illustrating a method of cal-
culating, by the ultrasound imaging apparatus 1000, a
stress applied to at least one point in the ROI, according
to an exemplary embodiment.
[0052] Referring to FIG. 2, in operation S210, the ul-
trasound imaging apparatus 1000 may transmit an ultra-
sound signal to the ROI of the object 10 and then receive
an ultrasound echo signal reflected from the ROI of the
object 10.
[0053] The ultrasound signal may include a first ultra-
sound signal used to generate a reference image and a
second ultrasound signal that is a focused ultrasonic
pulse used to apply an acoustic force to the ROI. Also,
the ultrasound signal may include a third ultrasound sig-
nal used to calculate a displacement of at least one point
in the ROI, which is generated by the acoustic force and
a pressure applied through the probe 20.
[0054] The ultrasound echo signal may include a first
ultrasound echo signal corresponding to the first ultra-
sound signal and a third ultrasound echo signal corre-
sponding to the third ultrasound signal, which are reflect-
ed from the ROI of the object 10.
[0055] In operation S220, the ultrasound imaging ap-
paratus 1000 may calculate a shear modulus of the at
least one point in the ROI, based on the received ultra-
sound echo signal.
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[0056] The ultrasound imaging apparatus 1000 may
calculate the shear modulus of the ROI, based on a dis-
placement of a tissue generated by the acoustic force.
[0057] For example, the ultrasound imaging apparatus
1000 may calculate a time-dependent displacement of
the at least one point, based on the third ultrasound echo
signal and calculate the shear modulus of the at least
one point by using the time-dependent displacement.
[0058] In operation S230, the ultrasound imaging ap-
paratus 1000 may calculate a strain of the at least one
point, based on the received ultrasound echo signal.
[0059] The ultrasound imaging apparatus 1000 may
acquire reference image data of the ROI by using the
first ultrasound echo signal, calculate a displacement of
the at least one point in the ROI, which is generated by
a pressure applied through the probe 20, based on the
reference image data and the third ultrasound echo sig-
nal, and calculate the strain of the at least one point in
the ROI by differentiating the calculated displacement.
[0060] In operation S240, the ultrasound imaging ap-
paratus 1000 may calculate a stress applied to the at
least one point by using the shear modulus and the strain.
[0061] The ultrasound imaging apparatus 1000 may
calculate a value, which is proportional to the product of
the shear modulus and the strain, as the stress.
[0062] Also, the ultrasound imaging apparatus 1000
may acquire a shear modulus map of the ROI by using
the shear modulus of the at least one point, acquire a
strain imaging map of the ROI by using the strain of the
at least one point, and calculate the stress of the ROI,
based on the shear modulus map and the strain imaging
map.
[0063] FIG. 3 is a diagram illustrating a method of cal-
culating, by the ultrasound imaging apparatus 1000, a
shear modulus of at least one point in the ROI, according
to an exemplary embodiment.
[0064] Referring to FIG. 3, the control unit 600 may
generate a shear modulus image of the ROI. The shear
modulus image may be an image that represents a stiff-
ness of the tissue, based on a shear modulus of the tissue
located in the ROI.
[0065] The data acquiring unit 100 may transmit a first
ultrasound signal 312 to the ROI through the probe 20
and receive a first ultrasound echo signal 314 corre-
sponding to the first ultrasound signal 312 from the ROI.
[0066] As the first ultrasound echo signal 314 is re-
ceived, the control unit 600 may generate a reference
image 315 of the ROI, based on the first ultrasound echo
signal 314. The reference image 315 may be an image
that represents a position of the tissue before a force is
applied to the ROI. The reference image 315 may be a
B mode image or an M mode image of the ROI.
[0067] After receiving the first ultrasound echo signal
314, the data acquiring unit 100 may transmit a second
ultrasound signal 321 of a focusing point 323 in the ROI
through the probe 20. The second ultrasound signal 321
may be a focused ultrasonic pulse.
[0068] When a strong focused ultrasonic pulse 321 is

transmitted to the focusing point 323 in the ROI, a trans-
verse wave 328 may be generated in the tissue located
in the ROI. For example, the strong focused ultrasonic
pulse 321 may push the tissue in the direction of an ul-
trasonic pulse (i.e., axial direction). An axial movement
of the tissue located at the focusing point 323 may cause
an adjacent tissue to move in the same direction (axial
direction). As the tissue adjacent to the focusing point
323 moves in the same direction, the movement may
again propagate to a tissue adjacent to the moved tissue.
In this case, the force of the ultrasonic wave causing the
tissue to move may be referred to as an acoustic force.
[0069] As the movement propagates to the adjacent
tissue, the acoustic force applied to the focusing point
323 may generate a wave in a direction perpendicular to
the direction of the ultrasonic pulse (i.e., lateral direction)
with the focusing point 323 being a point of origin. The
transverse wave 328 propagating in the direction per-
pendicular to the direction of the ultrasonic pulse may be
referred to as a shear wave.
[0070] The propagation velocity of the shear wave 328
may be determined according to the stiffness, Young’s
modulus, or shear modulus of the tissue.
[0071] For example, the propagation velocity of the
shear wave 328 may change to about 1 m/s to about 10
m/s according to the stiffness of the tissue. Also, the prop-
agation velocity of the shear wave 328 in the tissue may
increase as the stiffness of the tissue increases.
[0072] Also, the propagation velocity of the shear wave
328 in the tissue may have a relationship with the stiffness
of the tissue as expressed by Equation 1 below.

In Equation 1, G may denote the stiffness of the tissue,
ρ may denote the density of the tissue, and C may denote
the propagation velocity of the shear wave 328. The den-
sity "ρ" of the tissue may be regarded as a constant value
in the ROI and may be mostly a known value. Accord-
ingly, the stiffness of the tissue may be detected by meas-
uring the propagation velocity of the shear wave 328
propagating in the tissue.
[0073] The shear wave 328 may be detected by meas-
uring the displacement of the tissue in the direction of
the ultrasonic pulse (i.e., axial direction). The displace-
ment of the tissue may refer to a movement distance of
the tissue in the axial direction with respect to the refer-
ence image 315. Also, the propagation velocity of the
shear wave 328 at a partial tissue in the ROI may be
calculated based on a time point at which the displace-
ment of the partial tissue and the displacement of a tissue
adjacent to the partial tissue are at their maximum.
[0074] Referring to FIG. 3, in order to calculate the dis-
placement of the tissue generated by the acoustic force,
the data acquiring unit 100 may transmit a third ultra-
sound signal 331 to the ROI. In this case, in order to more

9 10 



EP 3 197 366 B1

7

5

10

15

20

25

30

35

40

45

50

55

accurately measure the propagation velocity of the shear
wave 328, the data acquiring unit 100 may transmit a
plane wave as the third ultrasound signal 331. When a
plane wave is transmitted as the third ultrasound signal
331, the ultrasound imaging apparatus 1000 may image
the shear wave 328 at a rate of thousands of frames per
second.
[0075] After the third ultrasonic pulse 331 is transmitted
to the tissue, the third ultrasonic pulse 331 may be scat-
tered by a scatter 340 located at the tissue in the ROI.
The third ultrasonic pulse 331 scattered by the scatter
340 may return to the probe 20. In this case, the third
ultrasonic pulse 331 scattered by the scatter 340 may be
referred to as a third ultrasonic echo pulse 345.
[0076] As the third ultrasonic echo pulse 345 is re-
ceived, the control unit 600 may generate ultrasound im-
ages of the ROI, based on the third ultrasonic echo pulse
345. An image including the shear wave 328, from among
the ultrasound images generated based on the third ul-
trasonic echo pulse 345, may be referred to as a shear
wave image 350. When a plane wave is transmitted as
the third ultrasound signal 331, the control unit 600 may
generate the shear wave image 350 at a rate of thou-
sands of frames per second.
[0077] The shear wave image 350 may represent the
displacement of the tissue in the ROI. The control unit
600 may calculate the propagation velocity of the shear
wave 328 by using the displacement of the tissue in the
ROI.
[0078] FIG. 4 is a diagram illustrating a method of cal-
culating, by the ultrasound imaging apparatus 1000, a
shear modulus of the ROI, based on a propagation ve-
locity of a shear wave in the ROI, according to an exem-
plary embodiment.
[0079] The shear modulus calculating module 610 may
calculate a shear modulus of the ROI, based on the dis-
placement of the tissue generated by the acoustic force.
[0080] For example, the shear modulus calculating
module 610 may detect a moved position of a first partial
tissue (e.g., one of 410 to 415) in the reference image
315 from each shear wave image 351, based on a cross-
correlation method. Based on the detected position, the
shear modulus calculating module 610 may calculate an
axial displacement of the first partial tissue (e.g., one of
410 to 415). Based on the calculated displacement, the
shear modulus calculating module 610 may detect a time
point at which the displacement of the first partial tissue
is at its maximum. The shear modulus calculating module
610 may determine the time point at which the displace-
ment of the first partial tissue is at its maximum as a time
point at which the shear wave 328 has reached the first
partial tissue.
[0081] Referring to FIG. 4, the ultrasound data consti-
tuting a first image 351 from among a plurality of shear
wave images 350 is received at a time point "t1", and the
displacements of two partial tissues 412 and 413 adja-
cent to the focusing point may be at their maximum in
the first image 351. Accordingly, the shear modulus cal-

culating module 610 may determine that the shear wave
328 has reached the two partial tissues 412 and 413 at
the time point "t1". Also, the shear modulus calculating
module 610 may detect the position of the shear wave
328 and the time point the shear wave 328 has arrived
with respect to the plurality of shear wave images 350 in
the same manner, and may calculate the velocity of the
shear wave 328 at the at least one point in the ROI, based
on the position of the shear wave 328 and the time point
the shear wave 328 has arrived.
[0082] As the velocity of the shear wave 328 at the at
least one point in the ROI is calculated, the shear mod-
ulus calculating module 610 may calculate a shear mod-
ulus of a point, at which the velocity of the shear wave
328 has been calculated, by substituting the density of
the ROI and the velocity of the shear wave 328 into Equa-
tion 1.
[0083] As the shear modulus of the at least one point
in the ROI is calculated, the control unit 600 may generate
a shear modulus map representing the shear modulus
of each point in the ROI.
[0084] Also, the control unit 600 may generate a shear
modulus image 420 by mapping the shear modulus map
with different colors according to the values of the shear
modulus. For example, the ultrasound imaging appara-
tus 1000 may map with bluer color as the shear modulus
is lower and map with redder color as the shear modulus
is higher. Also, the control unit 600 may generate a shear
modulus image 420 by mapping the shear modulus map
with different brightness or chroma according to the val-
ues of the shear modulus. For example, the control unit
600 may map with lower brightness or chroma as the
shear modulus is lower and map with higher brightness
or chroma as the shear modulus is higher.
[0085] FIG. 5 is a diagram illustrating a method of cal-
culating, by the ultrasound imaging apparatus 1000, a
strain of the ROI, according to an exemplary embodi-
ment.
[0086] After the first ultrasound echo signal 314 for the
reference image 315 is received, the user may manually
apply a force 325 to the object 10 through the probe 20
intentionally or unintentionally. Accordingly, the tissue in
the ROI may be modified by the force 325 applied man-
ually through the probe 20.
[0087] Referring to FIG. 5, the strain calculating mod-
ule 620 may calculate a strain of the ROI, based on the
reference image 315 and an image not including the
shear wave 328, from among the ultrasound images gen-
erated based on the third ultrasonic echo pulse 345.
[0088] An image 510 generated after a reference time,
from among the ultrasound images generated based on
the third ultrasonic echo pulse 345, may be an image that
does not include the shear wave 328 generated by the
acoustic force. The image 510 generated after the refer-
ence time, from among the ultrasound images generated
based on the third ultrasonic echo pulse 345, may be
referred to as a strain sample image 510. The reference
time may be preset based on the lateral width of the ROI
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and the density of the tissue in the ROI.
[0089] FIGS. 6a and 6b are diagrams illustrating a
strain of a tissue generated by a force applied manually
through the probe 20 of the ultrasound imaging apparatus
1000, according to an exemplary embodiment.
[0090] Referring to FIG. 6a, the user may manually ap-
ply a force 325 to the ROI, in which a tumor tissue is
located, through the probe 20.
[0091] Referring to FIG. 6b, the control unit 600 may
image the ROI before the force 325 is applied thereto
and image the ROI after the force 325 is applied thereto.
The strain calculating module 620 may calculate a strain
of the ROI by comparing an image of the ROI captured
before the force 325 is applied thereto and an image of
the ROI captured after the force 325 is applied thereto.
[0092] A stiff tumor tissue 611 has a small displace-
ment generated by the force 325. On the other hand, a
relatively soft tissue has a large displacement generated
by the force 325 because it may be easily compressed
by the same force 325.
[0093] Thus, the strain calculating module 620 may
calculate a strain of the at least one point in the ROI by
calculating a displacement per unit length with respect
to the at least one point in the ROI.
[0094] A strain "ε" may refer to a displacement per unit
length. Also, the strain "ε" may be expressed as Equation
2 below.

In Equation 2, ε may denote the strain, L may denote the
length of the tissue, and ΔL may denote the displacement
of the tissue.

[0095] Also,  may change with respect to

the strain of the partial tissue as expressed in Equation
3 below.

In Equation 3, uz may denote the displacement in a z-
axis direction. Thus, the strain may refer to a spatial de-
rivative with respect to the displacement.
[0096] Referring to FIG. 6B, the strain calculating mod-
ule 620 may calculate a depth-dependent displacement
621 of the tissue with respect to the ROI by comparing
an ultrasound image captured before the force 325 is
applied and an ultrasound image captured after the force
325 is applied.

[0097] As the depth-dependent displacement 621 of
the tissue is calculated, the strain calculating module 620
may calculate a depth-dependent strain 631 of the tissue
by differentiating the depth-dependent displacement 621
of the tissue in a depth direction.
[0098] FIG. 7 is a diagram illustrating a method of cal-
culating, by the ultrasound imaging apparatus 1000, a
strain generated by a force applied manually through the
probe 20, according to an exemplary embodiment.
[0099] Referring to FIG. 7, the strain calculating mod-
ule 620 may calculate a strain of the at least one point in
the ROI, based on the reference image 315 and the strain
sample image 510.
[0100] The strain calculating module 620 may calcu-
late the displacement of the tissue generated by a force
applied manually through the probe 20.
[0101] For example, the strain calculating module 620
may detect the position of the partial tissue 412 in the
reference image 315 from the strain sample image 510,
based on a cross-correlation method. The strain calcu-
lating module 620 may calculate a displacement 710 of
the partial tissue 412 in a force application direction,
based on the detected position of the partial tissue 412.
Also, the strain calculating module 620 may calculate the
displacements of a plurality of partial tissues in the ROI
in the force application direction.
[0102] The strain calculating module 620 may calcu-
late a strain of the at least one point in the ROI by differ-
entiating the calculated displacements of the plurality of
partial tissues in the force application direction.
[0103] As the strain of the at least one point in the ROI
is calculated, the control unit 600 may generate a strain
map representing the strain of each point in the ROI.
[0104] Also, the control unit 600 may generate a strain
image 720 by mapping the strain map with different colors
according to the values of the strain. Also, the control
unit 600 may generate a strain image 720 by mapping
the strain map with different brightness or chroma ac-
cording to the values of the strain.
[0105] FIG. 8 is a diagram illustrating a method of cal-
culating, by the ultrasound imaging apparatus 1000, a
stress of the ROI, based on a shear modulus and a strain,
according to an exemplary embodiment.
[0106] Referring to FIG. 8, the stress calculating mod-
ule 630 may calculate a stress of the at least one point
in the ROI, based on the strain and the elastic modulus
of the at least one point in the ROI.
[0107] Also, the relationship between the stress and
the strain may be expressed as Equation 4 below.

In Equation 4, σ may denote the stress, E may denote
the elastic modulus, and ε may denote the strain. Also,
the stress "σ" may refer to a force per area.
[0108] Also, the relationship between the elastic mod-
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ulus and the shear modulus may be expressed as Equa-
tion 5 below.

In Equation 5, E may denote the elastic modulus and G
may denote the shear modulus.
[0109] Thus, the stress may be expressed as Equation
6 below.

[0110] The stress calculating module 630 may calcu-
late a stress applied to the at least one point in the ROI
by calculating a product of the shear modulus and the
strain of the at least one point in the ROI and tripling the
product.
[0111] Also, the stress calculating module 630 may cal-
culate a stress applied to each point in the ROI by cal-
culating a product of the shear modulus and the strain of
each point in the ROI and tripling the product, based on
the shear modulus map and the strain map.
[0112] As the stress applied to the at least one point
in the ROI is calculated, the control unit 600 may generate
a stress map 810 representing the stress of each point
in the ROI.
[0113] FIG. 9 is a flowchart illustrating a method of
guiding, by the ultrasound imaging apparatus 1000, an
operation of the user pressing the probe 20, according
to an exemplary embodiment.
[0114] Referring to FIG. 9, in operation S910, the ul-
trasound imaging apparatus 1000 may transmit an ultra-
sound signal to the ROI of the object 10 and then receive
an ultrasound echo signal reflected from the ROI of the
object 10. In operation S920, the ultrasound imaging ap-
paratus 1000 may calculate a shear modulus of the at
least one point in the ROI, based on the received ultra-
sound echo signal. In operation S930, the ultrasound im-
aging apparatus 1000 may calculate a strain of the at
least one point, based on the received ultrasound echo
signal. In operation S940, the ultrasound imaging appa-
ratus 1000 may calculate a stress applied to the at least
one point by using the shear modulus and the strain.
Operations S910 to S940 may correspond to operations
S210 to S240 illustrated in FIG. 2.
[0115] In operation S950, the ultrasound imaging ap-
paratus 1000 may generate first information representing
a compression stress applied to the object 10, based on
the stress.
[0116] The first information representing the compres-
sion stress applied to the object 10 may be information
about a force of the user applied to the object 10.
[0117] The ultrasound imaging apparatus 1000 may
calculate the force of the user applied to the object 10,

based on the stress of the at least one point in the ROI.
[0118] In operation S960, the ultrasound imaging ap-
paratus 1000 may display guide information including the
first information.
[0119] The ultrasound imaging apparatus 1000 may
display the information about the force of the user applied
to the object 10, together with the shear modulus image.
[0120] FIG. 10 is a diagram illustrating a method of
calculating, by the ultrasound imaging apparatus 1000,
a force of the user applied to the object 10 through the
probe 20, according to an exemplary embodiment.
[0121] Referring to FIG. 10, the control unit 600 may
calculate the force of the user applied to the object 10,
based on the stress of the at least one point in the ROI.
[0122] The control unit 600 may calculate an average
value of the stress on an entire ROI 1010 and determine
the calculated average value as the force of the user
applied to the object 10.
[0123] Also, the control unit 600 may calculate an av-
erage value of the stress on A region 1020 in the ROI,
which is located within a predetermined distance from
the surface of the object 10, and determine the calculated
average value as the force of the user applied to the
object 10.
[0124] Also, the control unit 600 may calculate an av-
erage value of the stress on a region in the ROI, which
is located within a predetermined distance from the probe
20, and determine the calculated average value as the
force of the user applied to the object 10.
[0125] FIG. 11 is a diagram illustrating a method of
guiding, by the ultrasound imaging apparatus 1000, an
operation of the user pressing the probe 20 when cap-
turing a shear modulus image, according to an exemplary
embodiment.
[0126] Referring to FIG. 11, the display unit 230 of the
ultrasound imaging apparatus 1000 may display guide
information about a force of the user pressing the probe
20 when capturing a shear modulus image.
[0127] The stiffness of the tissue may be changed
when the user presses the probe 20 with a pressure that
is lower or higher than a reference pressure, when cap-
turing a shear modulus image. A shear modulus image,
which is captured when the stiffness of the tissue chang-
es, may fail to quantitatively represent the original stiff-
ness of the tissue.
[0128] The display unit 230 may guide the reference
pressure to be applied through the probe 20, by display-
ing the guide information about the force of the user
pressing the probe 20.
[0129] The display unit 230 may display the shear mod-
ulus image together with coordinate axes 1110 and 1112
representing the position of the at least one point in the
ROI. Also, the display unit 230 may display the shear
modulus image together with an image 1114 represent-
ing the value of the shear modulus corresponding to each
color.
[0130] Also, the display unit 230 may display a region
1120 of the ROI of which the shear modulus has been
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calculated, a reference pressure 1130 with respect to the
region 1120 of the ROI, a pressure 1140 of the probe 20
calculated based on the stress of the ROI, and a guidance
text 1150 for guiding the force of the user pressing the
probe 20.
[0131] The region 1120 of the ROI may be set by the
user. Also, the reference pressure 1130 may be preset
in the ultrasound imaging apparatus 1000, correspond-
ing to a region of a human body.
[0132] FIG. 12 is a diagram illustrating a method of
guiding, by the ultrasound imaging apparatus 1000, an
operation of the user pressing the probe 20 when cap-
turing a shear modulus image, according to an exemplary
embodiment.
[0133] Referring to FIG. 12, the display unit 230 may
display guide information about the direction of the force
of the user pressing the probe 20 when capturing a shear
modulus image.
[0134] When capturing a shear modulus image, the
user may tilt the probe 20 back and forth or right and left.
When the probe 20 is tilted back and forth or right and
left, the forces applied to partial regions in the ROI may
be different from each other.
[0135] The display unit 230 may display information
1210 about the direction of the force of the user pressing
the probe 20. For example, when the probe 20 is tilted
to the right, the display unit 230 may display text 1210
representing the tilt direction and the current shape of
the probe 20.
[0136] FIG. 13 is a flowchart illustrating a method of
recalculating, by the ultrasound imaging apparatus 1000,
a strain by using a stress, according to an exemplary
embodiment.
[0137] Referring to FIG. 13, in operation S1310, the
ultrasound imaging apparatus 1000 may transmit an ul-
trasound signal to the ROI of the object 10 and then re-
ceive an ultrasound echo signal reflected from the ROI
of the object 10. In operation S1320, the ultrasound im-
aging apparatus 1000 may calculate a shear modulus of
at least one point in the ROI, based on the received ul-
trasound echo signal. In operation S1330, the ultrasound
imaging apparatus 1000 may calculate a strain of the at
least one point, based on the received ultrasound echo
signal. In operation S1340, the ultrasound imaging ap-
paratus 1000 may calculate a stress applied to the at
least one point by using the shear modulus and the strain.
Operations S1310 to S1340 may correspond to opera-
tions S210 to S240 illustrated in FIG. 2.
[0138] In operation S1350, the ultrasound imaging ap-
paratus 1000 may recalculate the strain, based on a value
obtained by dividing the strain by the stress.
[0139] The ultrasound imaging apparatus 1000 may
recalculate a value, which is obtained by dividing the
strain of a first point in the ROI by the stress of the first
point, as the strain of the first point.
[0140] Also, the ultrasound imaging apparatus 1000
may divide the ROI into at least one region, calculate an
average stress of each of the at least one region, and

recalculate the strain by dividing the strain of a first point
in the ROI by the average stress of a region including the
first point.
[0141] In operation S1360, the ultrasound imaging ap-
paratus 1000 may form a strain image of the ROI by using
the recalculated strain.
[0142] FIG. 14 is a diagram illustrating a method of
recalculating, by the ultrasound imaging apparatus 1000,
a strain by using a stress, according to an exemplary
embodiment.
[0143] Referring to FIG. 14, the strain calculating mod-
ule 620 may recalculate a strain of the ROI by using a
calculated stress of each point in the ROI.
[0144] Referring to Equation 4, the strain of the tissue
may increase as the stress applied to the tissue increas-
es. Also, under the same stress, if the first tissue has a
higher stiffness or a higher shear modulus than the sec-
ond tissue, the first tissue may have a higher strain than
the second tissue. Thus, assuming that the same stress
is applied to the ROI, the strain of the tissue may refer
to the stiffness of the tissue.
[0145] Assuming that the same stress is applied to the
ROI, the strain image may be an image that is represent-
ed by measuring the stiffness of the ROI. However, the
force applied to the probe 10 by the probe 20 may not
uniformly act on the entire ROI. For example, the force
applied by the probe 20 may greatly act on the tissue that
is adjacent to the probe 20, and the force applied by the
probe 20 may slightly act on the tissue that is distant from
the probe 20. Also, the probe 20 may be obliquely
pressed onto the object 10. Thus, the stiffness of the
tissue represented in the strain image may be different
from the original stiffness of the tissue.
[0146] Artifacts 1412 to 1416, which are generated be-
cause the force does not uniformly act on the entire ROI,
may be observed in the strain image. The artifacts 1412
to 1416 may indicate that a general tissue having a low
stiffness unlike a tumor is displayed differently from sur-
rounding tissues since an excessive stress is applied to
the general tissue.
[0147] The strain calculating module 620 may remove
the artifacts by compensating for a non-uniform stress
applied to the ROI by using the calculated stress. For
example, the strain calculating module 620 may recalcu-
late a value, which is obtained by dividing the strain of
the first point in the ROI by the stress of the first point,
as the strain of the first point.
[0148] The strain calculating module 620 may recalcu-
late a strain map of the ROI by recalculating the strain of
each point in the ROI. As the strain map of the ROI is
recalculated, the control unit 600 may generate a strain
image 1420, based on the recalculated strain map.
[0149] Also, the display unit 230 may display the strain
image 1420 generated based on the strain calculated as
a quantitative value.
[0150] FIG. 15 is a diagram illustrating a method of
recalculating, by the ultrasound imaging apparatus 1000,
a strain by using a stress, according to another exemplary
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embodiment.
[0151] Referring to FIG. 15, the strain calculating mod-
ule 620 may calculate an average stress of a plurality of
partial regions and recalculate the strain of the partial
region, based on the calculated average stress.
[0152] The stress does not change abruptly according
to distance. Thus, the stresses applied to the adjacent
tissues in the ROI may be regarded as being substantially
identical to each other.
[0153] Accordingly, the control unit 600 may divide the
ROI into a plurality of partial regions 1510 and calculate
an average stress of the partial region 1510, based on
the stress of each point in the partial region 1510. As the
average stress of the partial region 1510 is calculated,
the strain calculating module 620 may divide the strain
of each point in the partial region 1510 by the average
stress and recalculate the resulting value of the division
as the strain of each point in the ROI. As the strain of
each point in the ROI is recalculated, the control unit 600
may recalculate a strain map of the ROI.
[0154] FIGS. 16a and 16b are diagrams illustrating a
method of displaying, by the ultrasound imaging appa-
ratus 1000, a shear modulus image and a strain image,
according to an exemplary embodiment.
[0155] Referring to FIG. 16a, the display unit 230 may
display the shear modulus image 420 and the strain im-
age 1420 together.
[0156] The control unit 600 may acquire the shear
modulus image 420 of the ROI by using the shear mod-
ulus of the at least one point in the ROI. Also, the control
unit 600 may acquire the strain image 1420 of the ROI
by using the strain of the at least one point in the ROI.
Also, the display unit 230 may display the shear modulus
image 420 and the strain image 1420 simultaneously on
a screen.
[0157] Also, the display unit 230 may display the shear
modulus image 420 and the strain image 1420 together
with the B mode image, the M mode image, or the Doppler
image.
[0158] Referring to FIG. 16b, the display unit 230 may
display the shear modulus image 420 and the strain im-
age 1420 in a superimposed manner.
[0159] For example, the display unit 230 may display
the strain image 1420 and the shear modulus image 420
in a superimposed manner. In this case, the shear mod-
ulus image 420 may be displayed semitransparently so
that the strain image 1420 may be projected through the
shear modulus image 420.
[0160] Also, the display unit 230 may display the shear
modulus image 420 and display the strain image 1420
on the shear modulus image 420 in a superimposed man-
ner so that the shear modulus image 420 may be pro-
jected through the strain image 1420.
[0161] FIG. 17 is a block diagram illustrating a config-
uration of an ultrasound imaging apparatus 1000 accord-
ing to an exemplary embodiment.
[0162] Referring to FIG. 17, the ultrasound imaging ap-
paratus 1000 may include a data acquiring unit 100, a

display unit 230, and a control unit 600 and may further
include an image processing unit 200, a communication
unit 300, a memory 400, and an input device 500, where
the components stated above may be connected to one
another via buses 700.
[0163] The ultrasound imaging apparatus 1000 may
be embodied not only as a cart type ultrasound imaging
apparatus, but also as a portable ultrasound imaging ap-
paratus. Examples of the portable ultrasound imaging
apparatus may include a picture archiving and commu-
nication system (PACS) viewer, a smart phone, a laptop
computer, a personal digital assistant (PDA), and a tablet
personal computer (PC); however, exemplary embodi-
ments are not limited thereto.
[0164] A probe 20 transmits an ultrasound signal to an
object 10 according to a driving signal applied from the
data acquiring unit 100 and receives an echo signal re-
flected from the object 10. The probe 20 includes a plu-
rality of transducers, and the plurality of transducers os-
cillate according to an electrical signal transmitted thereto
and generate an ultrasonic wave, that is, acoustic energy.
Also, the probe 20 may be connected to a main body of
the ultrasound imaging apparatus 1000 by wire or wire-
lessly. According to exemplary embodiments, the ultra-
sound imaging apparatus 1000 may include a plurality
of probes 20.
[0165] A transmission unit 110 supplies a driving signal
to the probe 20 and includes a pulse generating unit 112,
a transmission delaying unit 114, and a pulser 116. The
pulse generating unit 112 generates pulses for forming
transmission ultrasonic waves according to a predeter-
mined pulse repetition frequency (PRF), and the trans-
mission delaying unit 114 applies a delay time for deter-
mining transmission directionality to the pulses. The puls-
es to which a delay time is applied correspond to a plu-
rality of piezoelectric vibrators included in the probe 20,
respectively. The pulser 116 applies a driving signal (or
a driving pulse) to the probe 20 at a timing corresponding
to each pulse to which a delay time is applied.
[0166] A reception unit 120 generates ultrasound data
by processing echo signals received from the probe 20
and may include an amplifier 122, an analog-digital con-
verter (ADC) 124, a reception delaying unit 126, and a
summing unit 128. The amplifier 122 amplifies echo sig-
nals in each channel, and the ADC 124 analog-digital
converts the amplified echo signals. The reception de-
laying unit 126 applies delay times for determining re-
ception directionality to the digital-converted echo sig-
nals, and the summing unit 128 generates ultrasound
data by summing the echo signals processed by the re-
ception delaying unit 126. Also, according to exemplary
embodiments, the reception unit 120 may not include the
amplifier 122. In other words, when the sensitivity of the
probe 20 or the capability to process bits by the ADC 124
is enhanced, the amplifier 122 may be omitted.
[0167] The image processing unit 200 generates an
ultrasound image by scan-converting ultrasound data
generated by the data acquiring unit 100 and displays
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the ultrasound image. The ultrasound image may include
not only a gray-scale image obtained by scanning the
object 10 in an amplitude (A) mode, a brightness (B)
mode, and a motion (M) mode, but also a Doppler image
representing a motion of the object 10 by using a Doppler
effect. The Doppler image may include a bloodstream
Doppler image (also referred to as a color Doppler image)
representing a flow of blood, a tissue Doppler image rep-
resenting a motion of a tissue, and a spectral Doppler
image representing a movement speed of the object 10
in a waveform.
[0168] A B mode processing unit 212 extracts B mode
components from ultrasound data and processes the B
mode components. An image generating unit 220 may
generate an ultrasound image representing signal inten-
sities as brightness, based on the B mode components
extracted by the B mode processing unit 212.
[0169] Likewise, a Doppler processing unit 214 may
extract Doppler components from ultrasound data, and
the image generating unit 220 may generate a Doppler
image representing a motion of the object 10 as colors
or waveforms, based on the extracted Doppler compo-
nents.
[0170] The image generating unit 220 according to an
exemplary embodiment may generate a three-dimen-
sional (3D) ultrasound image through volume-rendering
of volume data and may also generate an elasticity image
that visualizes the deformation of the object 10 due to a
pressure. In addition, the image generating unit 220 may
display various additional information in an ultrasound
image by using texts and graphics. The generated ultra-
sound image may be stored in the memory 400.
[0171] The display unit 230 displays the generated ul-
trasound image. The display unit 230 may display not
only an ultrasound image, but also various information
processed by the ultrasound imaging apparatus 1000 on
a screen via a graphic user interface (GUI). The ultra-
sound imaging apparatus 1000 may include two or more
display units 230 according to exemplary embodiments.
[0172] The communication unit 300 is connected by
wire or wirelessly to a network 30 to communicate with
an external device or a server. The communication unit
300 may exchange data with a hospital server or other
medical apparatuses in a hospital connected through a
Picture Archiving and Communication System (PACS).
Also, the communication unit 300 may perform data com-
munication according to the Digital Imaging and Com-
munications in Medicine (DICOM) standard.
[0173] The communication unit 300 may transmit and
receive data related to diagnosis of the object 10, e.g.,
an ultrasound image, ultrasound data, and Doppler data
of the object 10, via the network 30 and may also transmit
and receive medical images obtained by other medical
apparatuses, e.g., a computer tomography (CT) image,
a magnetic resonance imaging (MRI) image, and an X-
ray image. In addition, the communication unit 300 may
receive information related to a diagnosis history or treat-
ment schedule of a patient from a server and use the

information to diagnose the object 10. In addition, the
communication unit 300 may perform data communica-
tion not only with a server or a medical apparatus in a
hospital, but also with a portable terminal of a doctor or
a patient.
[0174] The communication unit 300 may be connected
by wire or wirelessly to the network 30 to exchange data
with a server 32, a medical apparatus 34, or a portable
terminal 36. The communication unit 300 may include
one or more components that enable communication with
external devices, and may include, for example, a short-
range communication module 310, a wired communica-
tion module 320, and a mobile communication module
330.
[0175] The short-range communication module 310 re-
fers to a module for short-range communication within a
predetermined distance. Examples of short-range com-
munication techniques according to an exemplary em-
bodiment may include wireless LAN, Wi-Fi, Bluetooth,
Zigbee, Wi-Fi Direct (WFD), ultra wideband (UWB), in-
frared data association (IrDA), Bluetooth Low Energy
(BLE), and near field communication (NFC); however,
exemplary embodiments are not limited thereto.
[0176] The wired communication module 320 refers to
a module for communication using electrical signals or
optical signals. Examples of wired communication tech-
niques according to an exemplary embodiment may in-
clude a twisted pair cable, a coaxial cable, an optical fiber
cable, and an Ethernet cable.
[0177] The mobile communication module 330 trans-
mits and receives wireless signals to and from at least
one of a base station, an external terminal, and a server
on a mobile communication network. Herein, the wireless
signals may include voice call signals, video call signals,
or various types of data for transmission and reception
of text/ multimedia messages.
[0178] The memory 400 stores various data processed
by the ultrasound imaging apparatus 1000. For example,
the memory 400 may store medical data related to diag-
nosis of the object 10, such as ultrasound data and ul-
trasound images that are input or output and may also
store algorithms or programs to be executed in the ultra-
sound imaging apparatus 1000.
[0179] The memory 400 may be embodied as any of
various storage media such as a flash memory, a hard
disk drive, and an electrically erasable programmable
read-only memory (EEPROM). Also, the ultrasound im-
aging apparatus 1000 may utilize web storage or a cloud
server that functions as the memory 400 online.
[0180] The input device 500 refers to a unit via which
a user inputs data for controlling the ultrasound imaging
apparatus 1000. The input device 500 may include hard-
ware components, such as a keypad, a mouse, a touch
panel, a touch screen, a track ball, and a jog switch. How-
ever, exemplary embodiments are not limited thereto,
and the input device 50 may further include various other
input units, such as an electrocardiogram measuring
module, a respiration measuring module, a voice recog-
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nition sensor, a gesture recognition sensor, a fingerprint
recognition sensor, an iris recognition sensor, a depth
sensor, and a distance sensor.
[0181] The control unit 600 may control overall opera-
tions of the ultrasound imaging apparatus 1000. In other
words, the control unit 600 may control operations among
the probe 20, the data acquiring unit 100, the image
processing unit 200, the communication unit 300, the
memory 400, and the input device 500.
[0182] All or some of the probe 20, the data acquiring
unit 100, the image processing unit 200, the communi-
cation unit 300, the memory 400, the input device 500,
and the control unit 600 may be operated by software
modules. However, exemplary embodiments are not lim-
ited thereto, and some of the components stated above
may be operated by hardware modules. Also, at least
one of the data acquiring unit 100, the image processing
unit 200, and the communication unit 300 may be includ-
ed in the control unit 600; however, exemplary embodi-
ments are not limited thereto.
[0183] The exemplary embodiments may also be im-
plemented in the form of a computer-readable recording
medium including instructions executable by a computer,
such as a program module executed by a computer. The
computer-readable recording medium may be any avail-
able medium accessible by computers, examples of
which may include a volatile recording medium, a non-
volatile recording medium, a removable recording medi-
um, and an unremovable recording medium. Also, ex-
amples of the computer-readable recording medium may
include a computer storage medium and a communica-
tion medium. Examples of the computer storage medium
may include a volatile storage medium, a nonvolatile stor-
age medium, a removable storage medium, and an un-
removable storage medium that are implemented by any
method or technology for storing information such as
computer-readable instructions, data structures, pro-
gram modules, or other data. Examples of the commu-
nication medium may include any information transmis-
sion medium including computer-readable instructions,
data structures, program modules, other data of modu-
lated data signals, or other transmission mechanisms.
[0184] The foregoing is illustrative of exemplary em-
bodiments and is not to be construed as limiting thereof.
Although the exemplary embodiments have been de-
scribed above, those of ordinary skill in the art will readily
appreciate that various modifications are possible in the
exemplary embodiments without materially departing
from the concepts and features of the exemplary embod-
iments. Therefore, it is to be understood that the exem-
plary embodiments described above should be consid-
ered in a descriptive sense only and not for purposes of
limitation. For example, elements described as being
combined may also be implemented in a distributed man-
ner, and elements described as being distributed may
also be implemented in a combined manner.
[0185] Therefore, the scope of the inventive concept
is defined not by the detailed description of the exemplary

embodiments but by the appended claims, and all mod-
ifications or differences within the scope should be con-
strued as being included in the inventive concept.
[0186] In addition, other exemplary embodiments may
also be implemented through computer-readable
code/instructions in/on a medium, e.g., a computer-read-
able medium, to control at least one processing element
to implement any of the above-described exemplary em-
bodiments. The medium may correspond to any medi-
um/media permitting the storage and/or transmission of
the computer-readable code.
[0187] The computer-readable code may be record-
ed/transferred on a medium in a variety of ways, with
examples of the medium including recording media, such
as magnetic storage media (e.g., ROM, floppy disks, hard
disks, etc.) and optical recording media (e.g., CD-ROMs,
or DVDs), and transmission media such as Internet trans-
mission media. Thus, the medium may be such a defined
and measurable structure including or carrying a signal
or information, such as a device carrying a bitstream ac-
cording to one or more exemplary embodiments. The
media may also be a distributed network, so that the com-
puter-readable code is stored/transferred and executed
in a distributed fashion. Furthermore, the processing el-
ement could include a processor or a computer proces-
sor, and processing elements may be distributed and/or
included in a single device.
[0188] It should be understood that the exemplary em-
bodiments described herein should be considered in a
descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each exempla-
ry embodiment should typically be considered as avail-
able for other similar features or aspects in other exem-
plary embodiments.
[0189] While one or more exemplary 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 scope of the inventive concept
as defined by the following claims.

Claims

1. An ultrasound imaging apparatus comprising:

a data acquiring unit (100) configured to transmit
an ultrasound signal to a region of interest (ROI)
of an object and then receive an ultrasound echo
signal reflected from the ROI of the object; and
a control unit (600) configured to calculate a
shear modulus of at least one point in the ROI
and a strain of the at least one point, based on
the received ultrasound echo signal, and calcu-
late a stress applied to the at least one point by
using the shear modulus and the strain,
characterized in that
the control unit (600) is further configured to di-
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vide the ROI into a plurality of regions, calculate
an average stress of each of the plurality of re-
gions, recalculate the strain by dividing the strain
of a first point in the ROI by the average stress
of a region including the first point, and generate
a strain image (1420) based on the recalculated
strain.

2. The ultrasound imaging apparatus of claim 1, where-
in
the control unit (600) is further configured to generate
first information representing a compression stress
applied to the object, based on the stress, and
the ultrasound imaging apparatus further comprises
a display unit (230) configured to display a user in-
terface screen comprising the first information under
the control of the control unit.

3. The ultrasound imaging apparatus of claim 1, where-
in the control unit (600) is further configured to cal-
culate a value, which is proportional to a product of
the shear modulus and the strain, as the stress.

4. The ultrasound imaging apparatus of claim 1, where-
in the control unit (600) is further configured to ac-
quire a shear modulus map of the ROI by using the
shear modulus of the at least one point, to acquire
a strain imaging map of the ROI by using the strain
of the at least one point, and to calculate the stress
of the ROI, based on the shear modulus map and
the strain imaging map.

5. The ultrasound imaging apparatus of claim 1, where-
in
the ultrasound signal comprises a first ultrasound
signal (312) used to generate a reference image
(315), a second ultrasound signal (321) that is a fo-
cused ultrasonic pulse used to apply an acoustic
force to the ROI, and a third ultrasound signal (331)
used to calculate a displacement of the at least one
point in the ROI, which is generated by the acoustic
force and a pressure applied through an ultrasound
probe (20), and
the ultrasound echo signal comprises a first ultra-
sound echo signal (314) corresponding to the first
ultrasound signal and a third ultrasound echo signal
corresponding to the third ultrasound signal, which
are reflected from the ROI of the object.

6. The ultrasound imaging apparatus of claim 1, where-
in
the control unit (600) is further configured to generate
a shear modulus image of the ROI by using the shear
modulus of the first point, and
the ultrasound imaging apparatus further comprises
a display unit (230) configured to display the shear
modulus image and the strain image simultaneously
on a screen.

7. An ultrasound image processing method compris-
ing:

transmitting an ultrasound signal to a region of
interest (ROI) of an object and then receiving an
ultrasound echo signal reflected from the ROI
of the object (S210, S910, S1310);
calculating a shear modulus of at least one point
in the ROI, based on the received ultrasound
echo signal (S220, S920, S1320);
calculating a strain of the at least one point,
based on the received ultrasound echo signal
(S230, S930, S1330);
calculating a stress applied to the at least one
point by using the shear modulus and the strain
(S240, S940, S1340);
recalculating the strain based on a value ob-
tained by dividing the calculated strain by the
calculated stress (S1350); and
forming a strain image of the ROI by using the
recalculated strain (S1360),
characterized in that
the recalculating of the strain comprises dividing
the ROI into a plurality of regions, calculating an
average stress of each of the plurality of regions,
and recalculating the strain by dividing the strain
of a first point in the ROI by the average stress
of a region including the first point.

8. The ultrasound image processing method of claim
7, further comprising:

generating first information representing a com-
pression stress applied to the object, based on
the stress (S950); and
displaying a user interface screen comprising
the first information (S960).

9. The ultrasound image processing method of claim
7, wherein the calculating of the stress applied to the
at least one point by using the shear modulus and
the strain comprises calculating a value, which is pro-
portional to a product of the shear modulus and the
strain, as the stress.

10. The ultrasound image processing method of claim
7, wherein the calculating of the stress applied to the
at least one point by using the shear modulus and
the strain comprises acquiring a shear modulus map
of the ROI by using the shear modulus of the at least
one point, acquiring a strain imaging map of the ROI
by using the strain of the at least one point, and cal-
culating the stress of the ROI, based on the shear
modulus map and the strain imaging map.

11. The ultrasound image processing method of claim
7, further comprising:
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generating a shear modulus image of the ROI
by using the shear modulus of the first point; and
displaying the shear modulus image and the
strain image simultaneously on a screen.

Patentansprüche

1. Ultraschallbildgebungsvorrichtung, die Folgendes
umfasst:

eine Datenerfassungseinheit (100), die dazu
ausgelegt ist, ein Ultraschallsignal an eine Re-
gion von Interesse (ROI, Region Of Interest) ei-
nes Objekts zu senden und dann ein von der
ROI des Objekts reflektiertes Signal zu empfan-
gen; und
eine Steuereinheit (600), die dazu ausgelegt ist,
basierend auf dem empfangenen Ultraschal-
lechosignal ein Schermodul wenigstens eines
Punkts in der ROI und eine Belastung des we-
nigstens einen Punkts zu berechnen, und unter
Verwendung des Schermoduls und der Belas-
tung eine auf den wenigstens einen Punkt aus-
geübte Spannung zu berechnen,
dadurch gekennzeichnet, dass
die Steuereinheit (600) weiterhin dazu ausge-
legt ist, die ROI in eine Vielzahl von Regionen
zu teilen, eine durchschnittliche Spannung für
jede aus der Vielzahl von Regionen zu berech-
nen, die Belastung durch Teilen der Belastung
eines ersten Punkts in der ROI durch die durch-
schnittliche Spannung einer den ersten Punkt
enthaltenden Region neu zu berechnen, und ba-
sierend auf der neu berechneten Belastung ein
Belastungsbild (1420) zu erzeugen.

2. Ultraschallbildgebungsvorrichtung nach Anspruch
1, wobei
die Steuereinheit (600) weiterhin dazu ausgelegt ist,
basierend auf der Spannung erste Informationen zu
erzeugen, die eine auf das Objekt ausgeübte Druck-
spannung darstellen, und
die Ultraschallbildgebungsvorrichtung weiterhin ei-
ne Anzeigeeinheit (230) umfasst, die dazu ausgelegt
ist, einen Benutzeroberflächenbildschirm umfas-
send die ersten Informationen unter der Steuerung
durch die Steuereinheit anzuzeigen.

3. Ultraschallbildgebungsvorrichtung nach Anspruch
1, wobei die Steuereinheit (600) weiterhin dazu aus-
gelegt ist, einen Wert, der proportional zu einem Pro-
dukt aus dem Schermodul und der Belastung ist, als
die Spannung zu berechnen.

4. Ultraschallbildgebungsvorrichtung nach Anspruch
1, wobei die Steuereinheit (600) weiterhin dazu aus-
gelegt ist, eine Schermodulkarte der ROI unter Ver-

wendung des Schermoduls des wenigstens einen
Punkts zu erhalten, ein Belastungsbildkarte der ROI
unter Verwendung der Belastung des wenigstens ei-
nen Punkts zu erhalten, und die Spannung der ROI
basierend auf der Schermodulkarte und der Belas-
tungsbildkarte zu berechnen.

5. Ultraschallbildgebungsvorrichtung nach Anspruch
1, wobei
das Ultraschallsignal Folgendes umfasst: ein erstes
Ultraschallsignal (312), das zum Erzeugen eines Re-
ferenzbildes (315) verwendet wird, ein zweites Ul-
traschallsignal (321), bei dem es sich um einen fo-
kussierten Ultraschallimpuls handelt, der zum Anle-
gen einer akustischen Kraft an die ROI verwendet
wird, und ein drittes Ultraschallsignal (331), das ver-
wendet wird, um eine Verschiebung des wenigstens
einen Punkts in der ROI zu berechnen, die durch die
akustische Kraft und einen durch eine Ultraschall-
sonde (20) ausgeübten Druck erzeugt wird, und
das Ultraschallechosignal ein dem ersten Ultra-
schallsignal entsprechendes erstes Ultraschal-
lechosignal (314) und ein dem dritten Ultraschallsi-
gnal entsprechendes drittes Ultraschallechosignal
umfasst, die von der ROI des Objekts reflektiert wer-
den.

6. Ultraschallbildgebungsvorrichtung nach Anspruch
1, wobei
die Steuereinheit (600) weiterhin dazu ausgelegt ist,
unter Verwendung des Schermoduls des ersten
Punkts ein Schermodulbild der ROI zu erzeugen,
und
die Ultraschallbildgebungsvorrichtung weiterhin ei-
ne Anzeigeeinheit (230) umfasst, die dazu ausgelegt
ist, das Schermodulbild und das Belastungsbild
gleichzeitig auf einem Bildschirm anzuzeigen.

7. Verfahren zur Verarbeitung eines Ultraschallbildes,
wobei das Verfahren Folgendes umfasst:

Senden eines Ultraschallsignals an eine Region
von Interesse (ROI, Region Of Interest) eines
Objekts und dann Empfangen eines von der ROI
des Objekts reflektierten Signals (S210, S910,
S1310);
Berechnen eines Schermoduls wenigstens ei-
nes Punkts in der ROI basierend auf dem emp-
fangenen Ultraschallechosignal (S220, S920,
S1320);
Berechnen einer Belastung des wenigstens ei-
nen Punkts basierend auf dem empfangenen
Ultraschallechosignal (S230, S930, S1330);
Berechnen einer auf den wenigstens einen
Punkt ausgeübten Spannung unter Verwen-
dung des Schermoduls und der Belastung
(S240, S940, S1340);
Neuberechnen der Belastung basierend auf ei-
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nem Wert, der erhalten wird mittels Teilen der
berechneten Belastung durch die berechnete
Spannung (S1350); und
Bilden eines Belastungsbildes der ROI unter
Verwendung der neu berechneten Belastung
(S1360),
dadurch gekennzeichnet, dass
das Neuberechnen der Belastung Folgendes
umfasst: Teilen der ROI in eine Vielzahl von Re-
gionen, Berechnen einer durchschnittlichen
Spannung für jede aus der Vielzahl von Regio-
nen, Neuberechnen der Belastung durch Teilen
der Belastung eines ersten Punkts in der ROI
durch die durchschnittliche Spannung einer den
ersten Punkt enthaltenden Region.

8. Verfahren zur Verarbeitung eines Ultraschallbildes
nach Anspruch 7, wobei das Verfahren weiterhin Fol-
gendes umfasst:

Erzeugen erster Informationen, die eine auf das
Objekt ausgeübte Druckspannung darstellen,
basierend auf der Spannung (S950); und
Anzeigen eines Benutzeroberflächenbild-
schirms umfassend die ersten Informationen
(S960).

9. Verfahren zur Verarbeitung eines Ultraschallbildes
nach Anspruch 7, wobei das Berechnen der auf den
wenigstens einen Punkt ausgeübten Spannung un-
ter Verwendung des Schermoduls und der Belas-
tung Folgendes umfasst: Berechnen eines Wertes,
der proportional zu einem Produkt aus dem Scher-
modul und der Belastung ist, als die Spannung.

10. Verfahren zur Verarbeitung eines Ultraschallbildes
nach Anspruch 7, wobei das Berechnen der auf den
wenigstens einen Punkt ausgeübten Spannung un-
ter Verwendung des Schermoduls und der Belas-
tung Folgendes umfasst: Erhalten einer Schermo-
dulkarte der ROI unter Verwendung des Schermo-
duls des wenigstens einen Punkts, Erfassen einer
Belastungsbildkarte der ROI unter Verwendung der
Belastung des wenigstens einen Punkts, und Be-
rechnen der Spannung der ROI basierend auf der
Schermodulkarte und der Belastungsbildkarte.

11. Verfahren zur Verarbeitung eines Ultraschallbildes
nach Anspruch 7, wobei das Verfahren weiterhin Fol-
gendes umfasst:

Erzeugen eines Schermodulbilds der ROI unter
Verwendung des Schermoduls des ersten
Punkts; und
gleichzeitiges Anzeigen des Schermodulbilds
und des Belastungsbilds auf einem Bildschirm.

Revendications

1. Appareil échographique comprenant :

une unité d’acquisition de données (100) con-
çue pour émettre un signal ultrasonore vers une
région d’intérêt (ROI, region of interest) d’un ob-
jet et ensuite recevoir un signal d’écho ultraso-
nore réfléchi par la ROI de l’objet, et
une unité de commande (600) conçue pour cal-
culer un module de rigidité d’au moins un point
de la ROI et une déformation de l’au moins un
point, compte tenu du signal d’écho ultrasonore
reçu, et pour calculer une contrainte à laquelle
est soumis l’au moins un point au moyen du mo-
dule de rigidité et de la déformation,
caractérisé en ce que
l’unité de commande (600) est conçue en outre
pour diviser la ROI en une pluralité de régions,
calculer une contrainte moyenne de chacune
des régions de la pluralité de régions, recalculer
la déformation en divisant la déformation d’un
premier point de la ROI par la contrainte moyen-
ne d’une région comportant le premier point, et
produire une image illustrant la déformation
(1420) compte tenu de la déformation recalcu-
lée.

2. Appareil échographique selon la revendication 1,
dans lequel
l’unité de commande (600) est conçue en outre pour
produire des premières informations représentati-
ves d’une contrainte de compression à laquelle est
soumis l’objet, compte tenu de la contrainte, et
l’appareil échographique comprend en outre une
unité d’affichage (230) conçue pour afficher un visuel
d’interface utilisateur comprenant les premières in-
formations, sous la commande de l’unité de com-
mande.

3. Appareil échographique selon la revendication 1,
dans lequel l’unité de commande (600) est conçue
en outre pour calculer une valeur proportionnelle au
produit du module de rigidité et de la déformation,
formant la contrainte.

4. Appareil échographique selon la revendication 1,
dans lequel l’unité de commande (600) est conçue
en outre pour acquérir une carte des modules de
rigidité de la ROI au moyen du module de rigidité de
l’au moins un point, pour acquérir une carte de re-
présentation de la déformation de la ROI au moyen
de la déformation de l’au moins un point, et pour
calculer la contrainte de la ROI, compte tenu de la
carte des modules de rigidité et de la carte de repré-
sentation de la déformation.

5. Appareil échographique selon la revendication 1,
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dans lequel
le signal ultrasonore comprend un premier signal ul-
trasonore (312) servant à produire une image de ré-
férence (315), un deuxième signal ultrasonore (321)
consistant en une impulsion ultrasonore focalisée
servant à appliquer une force acoustique à la ROI,
et un troisième signal ultrasonore (331) servant à
calculer un déplacement de l’au moins un point de
la ROI, produit sous l’effet de la force acoustique et
de la pression appliquée par la sonde à ultrasons
(20), et
le signal d’écho ultrasonore comprend un premier
signal d’écho ultrasonore (314) correspondant au
premier signal ultrasonore et un troisième signal
d’écho ultrasonore correspondant au troisième si-
gnal ultrasonore, lesquels sont réfléchis par la ROI
de l’objet.

6. Appareil échographique selon la revendication 1,
dans lequel
l’unité de commande (600) est conçue en outre pour
produire une image illustrant le module de rigidité de
la ROI au moyen du module de rigidité du premier
point, et
l’appareil échographique comprend en outre une
unité d’affichage (230) conçue pour afficher l’image
illustrant le module de rigidité et l’image illustrant la
déformation simultanément sur un visuel.

7. Procédé de traitement d’image échographique
comprenant :

l’émission d’un signal ultrasonore vers une ré-
gion d’intérêt (ROI, region of interest) d’un objet,
puis la réception d’un signal d’écho ultrasonore
réfléchi par la ROI de l’objet (S210, S910,
S1310),
le calcul d’un module de rigidité d’au moins un
point de la ROI, compte tenu du signal d’écho
ultrasonore reçu (S220, S920, S1320),
le calcul d’une déformation de l’au moins un
point, compte tenu du signal d’écho ultrasonore
reçu (S230, S930, S1330),
le calcul d’une contrainte à laquelle est soumis
l’au moins un point au moyen du module de ri-
gidité et de la déformation (S240, S940, S1340),
le recalcul de la déformation compte tenu d’une
valeur obtenue en divisant la déformation cal-
culée par la contrainte calculée (S1350), et
la formation d’une image illustrant la déforma-
tion de la ROI au moyen de la déformation re-
calculée (S1360),
caractérisé en ce que
le recalcul de la déformation comprend la divi-
sion de la ROI en une pluralité de régions, le
calcul d’une contrainte moyenne de chacune
des régions de la pluralité de régions, et le re-
calcul de la déformation en divisant la déforma-

tion d’un premier point de la ROI par la contrainte
moyenne d’une région comportant le premier
point.

8. Procédé de traitement d’image échographique selon
la revendication 7, comprenant en outre :

la production de premières informations repré-
sentatives d’une contrainte de compression à
laquelle est soumis l’objet, compte tenu de la
contrainte (S950), et
l’affichage d’un visuel d’interface utilisateur
comprenant les premières informations (S960).

9. Procédé de traitement d’image échographique selon
la revendication 7, dans lequel le calcul de la con-
trainte à laquelle est soumis l’au moins un point au
moyen du module de rigidité et de la déformation
comprend le calcul d’une valeur proportionnelle au
produit du module de rigidité et de la déformation,
formant la contrainte.

10. Procédé de traitement d’image échographique selon
la revendication 7, dans lequel le calcul de la con-
trainte à laquelle est soumis l’au moins un point au
moyen du module de rigidité et de la déformation
comprend l’acquisition d’une carte des modules de
rigidité de la ROI au moyen du module de rigidité de
l’au moins un point, l’acquisition d’une carte de re-
présentation de la déformation de la ROI au moyen
de la déformation de l’au moins un point, et le calcul
de la contrainte de la ROI, compte tenu de la carte
des modules de rigidité et de la carte de représen-
tation de la déformation.

11. Procédé de traitement d’image échographique selon
la revendication 7, comprenant en outre :

la production d’une image illustrant le module
de rigidité de la ROI au moyen du module de
rigidité du premier point, et
l’affichage de l’image illustrant le module de ri-
gidité et de l’image illustrant la déformation si-
multanément sur un visuel.
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