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(57) ABSTRACT

Provided are an ultrasound system and a method of detecting
a pressure applied to an object through an ultrasound probe.
The ultrasound system includes: an ultrasound data acquiring
unit configured to acquire, by using an ultrasound probe
including a strain gauge that is strained by a pressure applied
thereto and has a damping factor and an elasticity factor,

(22) Filed: Apr. 23,2014 ultrasound data corresponding to an object; and a processor
configured to generate an ultrasound image by using the
(30) Foreign Application Priority Data ultrasound data, calculate a strain rate of the strain gauge
caused by the pressure by using the ultrasound image, and
May 29,2013 (KR) .ooveerererevercniecan 10-2013-0061038 detect the pressure by using the strain rate calculated.
210
AXIS
DIRECTION 36
AXIS U Pyt
Lo Ly Le Ls Ls Ls o Lys Lz Lee Ly
DIRECTION R o Ul

e §F




Patent Application Publication

110
1

Dec. 4,2014 Sheet 1 0f12

FIG. 1

120
|

STORAGE
UNIT

ULTRASOUND
DATA
ACQUIRING
UNIT

130
|

220
|

PROCESSOR

—_
(@]

140
|

TRANSMITTING
UNIT

ULTRASOUND
PROBE

FIG. 2

DISPLAY
UNIT

210

RECEIVING
UNIT

—_
—
(@]

230

ULTRASCUND
DATA
GENERATING
UNIT

!
240

US 2014/0357994 A1




Patent Application Publication  Dec. 4,2014 Sheet 2 of 12 US 2014/0357994 A1

FIG. 3
SG
RN
210
FIG. 4
SG

210



Patent Application Publication  Dec. 4,2014 Sheet 3 of 12 US 2014/0357994 A1

FIG. 3

210

210




Patent Application Publication  Dec. 4,2014 Sheet 4 of 12 US 2014/0357994 A1

FIG. 7
( START )
GENERATE ULTRASOUND ~ |——S702
DETECT SURFACE OF OBJECT | S704

CALCULATE STRAIN RATE OF

STRAIN GAUGE — —S706

DETECT PRESSURE — S708

END



Patent Application Publication  Dec. 4,2014 Sheet 5 of 12 US 2014/0357994 A1

FIG. 8
210
AXIS
DIRECTION 1—~——SG
AXIS { @ i
DIRECTION ¢1 T —— Ul

—— SF




Patent Application Publication  Dec. 4,2014 Sheet 6 of 12 US 2014/0357994 A1

FIG. 9
210
AXIS
DIRECTION 356
A
AXIS LT'\ 3\2 IiT\? a J\ﬁ a LiNA;, LTN.Z &.1 S\V
DIRECTION Loy b P U

-~ SF




Patent Application Publication  Dec. 4,2014 Sheet 7 of 12 US 2014/0357994 A1

FIG. 10

210

AXIS
DIRECTION T——SG

AXIS

' !

L.
DIRECTION \y\ L,
- \\L
\»\, SF

— - Ul




Patent Application Publication  Dec. 4,2014 Sheet 8 of 12 US 2014/0357994 A1

FIG. 11
210
AXIS
DIRECTION 1—~—S6
K
AXIS f @ f ﬁ LT i T | T L Ul
DIRECTION ) ’ Luz Lnz L o,

—~— SF




Patent Application Publication  Dec. 4,2014 Sheet 9 of 12 US 2014/0357994 A1

FIG. 12

| \

.-210

HEIGHT

DIRECT ON
E 4

~w AXIS

AXIS DIRECTION
DIRECTION



Patent Application Publication = Dec. 4,2014 Sheet 10 0f 12 US 2014/0357994 A1l

FIG. 13

| \

,-210

HEIGHT
DIRECTION

T AXIS

AXIS DIRECTION
D RECTION



Patent Application Publication = Dec. 4,2014 Sheet 11 0f12  US 2014/0357994 Al

FIG. 14

-—
—_

210

HE GHT
DIRECT ON

AXIS

AXIS D RECTION
DIRECTION



Patent Application Publication = Dec. 4,2014 Sheet 12 0f12  US 2014/0357994 Al

FIG. 15

! \ 210

HEIGHT
DIRECTION

.,
\\ AXIS

AXIS DIRECTION
DIRECTION



US 2014/0357994 A1

ULTRASOUND SYSTEM AND METHOD OF
DETECTING PRESSURE APPLIED TO
OBJECT

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0061038, filed on May 29, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to ultrasound systems, and more particularly, to ultra-
sound systems and methods of detecting a pressure applied to
an object through an ultrasound probe.

[0004] 2. Description of the Related Art

[0005] Since ultrasound systems have noninvasive and
nondestructive characteristics, they are widely used medical
treatment for obtaining information from an object. Such
ultrasound systems are very important in the field of medical
treatment because they may provide medical practitioners
with real-time high-resolution images of internal organs of an
object without performing a surgical operation by directly
incising and observing inner parts of the object.

[0006] An ultrasound system uses an ultrasound probe to
transmit an ultrasound signal to an object and to receive an
ultrasound signal (i.e., an ultrasound echo signal) reflected
from the object. Also, the ultrasound system generates an
ultrasound image corresponding to the object by using a
received ultrasound echo signal.

[0007] In general, the ultrasound probe transmits an ultra-
sound signal to the object while contacting a surface of the
object and receives an ultrasound echo signal reflected from
the object. Therefore, since a force (i.e., pressure) applied by
a user is applied to the object through the ultrasound probe,
strain may occur in the object, and thus, the ultrasound image
may be distorted.

SUMMARY

[0008] One or more embodiments of the present invention
include ultrasound systems and methods of detecting a pres-
sure applied to an object through an ultrasound probe, by
using a material (hereinafter referred to as a strain gauge) that
is provided at one side of the ultrasound probe and has a
predetermined thickness, a predetermined damping value,
and a predetermined elasticity value, or by using a strain
gauge and a pressure sensor.

[0009] 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.

[0010] According to one or more embodiments of the
present invention, an ultrasound system includes: an ultra-
sound data acquiring unit configured to acquire, by using an
ultrasound probe including a strain gauge that is strained by a
pressure applied thereto and has a damping factor and an
elasticity factor, ultrasound data corresponding to an object;
and a processor configured to generate an ultrasound image
by using the ultrasound data, calculate a strain rate of the
strain gauge caused by the pressure applied thereto by using
the ultrasound image, and detect the pressure by using the
calculated strain rate.
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[0011] According to one or more embodiments of the
present invention, a method of detecting a pressure includes:
acquiring, by using an ultrasound probe including a strain
gauge that is strained by a pressure applied thereto and has a
damping factor and an elasticity factor, ultrasound data cor-
responding to an object; generating an ultrasound image by
using the ultrasound data; calculating a strain rate of the strain
gauge caused by the pressure applied thereto by using the
ultrasound image; and detecting the pressure applied to the
strain gauge by using the calculated strain rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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:

[0013] FIG. 1isablock diagram illustrating a configuration
of an ultrasound system according to an embodiment of the
present invention;

[0014] FIG. 2isablock diagram illustrating a configuration
of an ultrasound data acquiring unit according to an embodi-
ment of the present invention;

[0015] FIG. 3 is a diagram illustrating an example of a
strain gauge attached to a one-dimensional (1D) array probe,
according to an embodiment of the present invention;
[0016] FIG. 4 is a diagram illustrating an example of a
strain gauge attached to a two-dimensional (2D) array probe,
according to an embodiment of the present invention;
[0017] FIG. 5 is a diagram illustrating an example of a
strain gauge and a pressure sensor attached to a 1D array
probe, according to another embodiment of the present inven-
tion;

[0018] FIG. 6 is a diagram illustrating an example of a
strain gauge and a pressure sensor attached to a 2D array
probe, according to another embodiment of the present inven-
tion;

[0019] FIG. 7is a flowchart illustrating a process of detect-
ing a pressure applied to an object, according to an embodi-
ment of the present invention;

[0020] FIGS. 8 and 9 are diagrams illustrating an example
in which a uniform pressure is applied through the 1D array
probeto an object, according to an embodiment of the present
invention;

[0021] FIGS. 10 and 11 are diagrams illustrating an
example in which a non-uniform pressure is applied through
the 1D array probe to an object, according to an embodiment
of the present invention;

[0022] FIGS. 12 and 13 are diagrams illustrating an
example in which a uniform pressure is applied through the
2D array probe to an object, according to another embodi-
ment of the present invention; and

[0023] FIGS. 14 and 15 are diagrams illustrating an
example in which a non-uniform pressure is applied through
the 2D array probe to an object, according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0024] 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-
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ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

[0025] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

[0026] FIG.1isablockdiagram illustrating a configuration
of an ultrasound system according to an embodiment of the
present invention. Referring to FIG. 1, an ultrasound system
100 includes an ultrasound data acquiring unit 110, a storage
unit 120, a processor 130, and a display unit 140.

[0027] The ultrasound data acquiring unit 110 acquires
ultrasound data corresponding to an ultrasound image of an
object. The object includes a target (for example, a liver, a
heart, a bone, or a blood vessel). The ultrasound data includes
radio frequency (RF) data. However, the ultrasound data is
not limited thereto.

[0028] FIG.2isablock diagram illustrating a configuration
of the ultrasound data acquiring unit 110 according to an
embodiment of the present invention. Referring to F1G. 2, the
ultrasound data acquiring unit 110 includes an ultrasound
probe 210, a transmitting unit 220, a receiving unit 230, and
an ultrasound data generating unit 240.

[0029] The ultrasound probe 210 includes a plurality of
transducer elements (not illustrated) that convert an electri-
cal/ultrasound signal into an ultrasound/electrical signal. The
ultrasound probe 210 transmits an ultrasound signal to the
object and receives an ultrasound signal (i.e., an ultrasound
echo signal) reflected from the object to thereby generate an
electrical signal (hereinafter referred to as a reception signal).
The received signal includes an analog signal. For example,
the ultrasound probe 210 includes a convex probe, a linear
probe, a phased array probe, a three-dimensional (3D) probe,
and a two-dimensional (2D) array probe.

[0030] In an embodiment, the ultrasound probe 210
includes an element, such as a strain gauge, which has a
predetermined thickness, low-attenuation acoustic character-
istics, a predetermined damping value, and a predetermined
elasticity value.

[0031] In the description below, it is assumed that the ele-
ment is a strain gauge. The strain gauge is attached to one side
of the ultrasound probe 210 and strained by a pressure applied
thereto through the ultrasound probe 210. The strain gauge
includes a solid gel, silicon, and a fluid pocket. Hereinafter,
for the convenience of description, the ultrasound probe 210
is considered to be a one-dimensional (1D) array probe or a
2D array probe, and the same reference numeral “210” will be
used in both cases.

[0032] FIG. 3 is a diagram illustrating an example of a
strain gauge SG attached to a 1D array probe 210, according
to an embodiment of the present invention. As illustrated in
FIG. 3, the strain gauge SG is attached onto a lens (not
illustrated) of the 1D array probe 210 (for example, a linear
probe, a phased array probe, a convex probe, or a 3D probe)
and contacts a surface of an object.

[0033] FIG. 4 is a diagram illustrating an example of a
strain gauge SG attached to a 2D array probe 210, according
to an embodiment of the present invention. As illustrated in
FIG. 4, the strain gauge SG is attached onto a lens (not
illustrated) of the 2D array probe 210 and contacts a surface of
the object.

[0034] In another embodiment, the ultrasound probe 210
includes a strain gauge and a pressure sensor. As in the above
embodiment, the strain gauge is attached to one side of the
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ultrasound probe 210 and strained by a pressure applied
thereto through the ultrasound probe 210, and includes a solid
gel, silicon, and a fluid pocket. The pressure sensor is attached
to one side of the ultrasound probe 210 to measure a pressure
applied thereto through the ultrasound probe 210 to thereby
output measurement information. The pressure sensor may be
any device that measures the pressure applied thereto through
the ultrasound probe 210.

[0035] FIG. 5 is a diagram illustrating an example of a
strain gauge SG and a pressure sensor attached to a 1D array
probe 210, according to another embodiment of the present
invention. As illustrated in FIG. 5, a strain gauge SG 1is
attached ontoa lens (not illustrated) of the 1D array probe 210
and contacts a surface of an object. Also, a pressure sensor PS
is attached to a surface identical to a surface of the lens of the
1D array probe 210, or inside the lens to measure a pressure
applied to the object through the 1D array probe 210 to
thereby generate measurement information.

[0036] Inthe above embodiment, it has been described that
two pressure sensors are attached to the 1D array probe 210.
However, embodiments of the present invention are not lim-
ited thereto, and a plurality of pressure sensors may be
attached to the 1D array probe 210.

[0037] FIG. 6 is a diagram illustrating an example of a
strain gauge SG and a pressure sensor attached to a 2D array
probe 210, according to another embodiment of the present
invention. As illustrated in FIG. 6, as in the above embodi-
ment, the strain gauge SG is attached onto a lens (not illus-
trated) of the 2D array probe 210 and contacts a surface of the
object. Also, a pressure sensor PS in a predetermined con-
figuration (for example, a rectangular ring configuration) is
attached to a surface identical to a surface of the lens of the 2D
array probe 210, or inside the lens to measure a pressure
applied to the object through the 2D array probe 210, to
generate measurement information.

[0038] Referring to FIG. 2, the transmitting unit 220 con-
trols transmission of the ultrasound signal. Also, in consider-
ation of a transducer element and a focus point, the transmit-
ting unit 220 generates an electrical signal (hereinafter
referred to a transmission signal) that is used to obtain the
ultrasound image. Therefore, the ultrasound probe 210 con-
verts the transmission signal, received from the transmitting
unit 220, into an ultrasound signal, transmits the ultrasound
signal to the object, and receives the ultrasound echo signal
reflected from the object to thereby generate the reception
signal.

[0039] The receiving unit 230 converts the reception signal
received from the ultrasound probe 210 into a digital signal.
Also, in consideration of the transducer element and the focus
point, the receiving unit 230 performs reception beamform-
ing on the digital signal to generate a reception focus signal.
Since the reception beamforming may be performed by vari-
ous well-known methods, a detailed description thereof will
be omitted herein.

[0040] The ultrasound data generating unit 240 generates,
by using the reception focus signal received from the receiv-
ing unit 230, ultrasound data corresponding to the ultrasound
image. Also, the ultrasound data generating unit 240 may
perform various signal processing (for example, gain control)
on the reception focus signal to generate the ultrasound data.
[0041] Referring to FIG. 1, the storage unit 120 stores the
ultrasound data obtained by the ultrasound data acquiring unit
110. Also, the storage unit 120 stores the length, damping
value (damping factor), and elasticity value (elasticity factor)
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of the strain gauge SG attached to the ultrasound probe 210.
The length of the strain gauge SG refers to the length in a
direction perpendicular to the length direction of the trans-
ducer element of the ultrasound probe 210, that is, the length
in adirection (axis direction) in which the ultrasound signal is
transmitted and received. Also, the storage unit 120 stores a
pressure-dependent strain rate of each target of the object.
[0042] The processor 130 is connected to the ultrasound
data acquiring unit 110 and the storage unit 120. For example,
the processor 130 includes a central processing unit (CPU), a
microprocessor, and a graphic processing unit (GPU).
[0043] FIG.7is a flowchart illustrating a process of detect-
ing a pressure applied to an object, according to an embodi-
ment of the present invention. Referring to FIG. 7, the pro-
cessor 130 generates an ultrasound image by using the
ultrasound data received from the ultrasound data acquiring
unit 110 (S702). The ultrasound image includes a 2D ultra-
sound image or a 3D ultrasound image.

[0044] The processor 130 performs edge detection on the
ultrasound image to detect a surface of the object (S704). The
edge may be detected by using an edge mask, such as, a Sobel
mask, a Prewitt mask, a Robert mask, or a Canny mask.
Alternatively, the edge may be detected from an eigenvalue
difference by using a structure tensor. In the present embodi-
ment, the processor 130 may detect the surface of the object
by performing edge detection in the axis direction with
respect to a pixel (or voxel) corresponding to the first row,
from among the pixels (or voxels) of the ultrasound image.
[0045] Based on the detected surface of the object, the
processor 130 calculates a strain rate representing a degree to
which the strain gauge SG is strained by the pressure applied
through the ultrasound probe 210 (S706).

[0046] FIGS. 8 and 9 are diagrams illustrating an example
in which a uniform pressure is applied through the ultrasound
probe (1D array probe), according to an embodiment of the
present invention. Referring to FIG. 8, the processor 130
calculates strain rates L, and L, at both ends of the ultrasound
probe (1D array probe) 210 with respect to a surface SF of the
object that is detected from an ultrasound image (2D ultra-
sound image) UI. Since the strain rates may be calculated by
various well-known methods, a detailed description thereof
will be omitted herein. Referring to FIG. 9, the processor 130
calculates a strain rate [, (1=i<N) at predetermined intervals
with respect to a surface SF of the object that is detected from
an ultrasound image (2D ultrasound image) UL

[0047] FIGS. 10 and 11 are diagrams illustrating an
example in which a non-uniform pressure is applied through
the ultrasound probe (1D array probe), according to an
embodiment of the present invention. Referring to FIG. 10,
the processor 130 calculates strain rates L, and L, at both ends
of the ultrasound probe (1D array probe) 210 with respect to
a surface SF of the object that is detected from an ultrasound
image (2D ultrasound image) Ul. Referring to FIG. 11, the
processor 130 calculates a strain rate L, (1=i<N) at predeter-
mined intervals in the lateral direction of an ultrasound image
UI with respect to a surface SF of the object that is detected
from the ultrasound image (2D ultrasound image) UL.
[0048] FIGS. 12 and 13 are diagrams illustrating an
example in which a uniform pressure is applied through the
ultrasound probe (2D array probe), according to another
embodiment of the present invention. Referring to FIG. 12,
the processor 130 calculates strainrates L, ;, L, 5,..., L 5,
L., Lss, ..oy Lo s at both ends of the ultrasound probe (2D
array probe) 210 at predetermined intervals in the height
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direction of an ultrasound image UT with respect to a surface
SF of the object that is detected from the ultrasound image
(3D ultrasound image) UT. Referring to FIG. 13, the processor
130 calculates a strain rate L, (1<1,j=N) at predetermined
intervals in the lateral direction and the height direction of an
ultrasound image Ul with respect to a surface SF of the object
that is detected from the ultrasound image (3D ultrasound
image) UL

[0049] FIGS. 14 and 15 are diagrams illustrating an
example in which a non-uniform pressure is applied through
the ultrasound probe (2D array probe), according to another
embodiment of the present invention. Referring to FIG. 14,
the processor 130 calculates strainrates L, ;, L, 5, ..., L, »,
L, 1. Lo, .. vy Ly at both ends of the ultrasound probe (2D
array probe) 210 in the height direction of an ultrasound
image UI with respect to a surface SF of the object that is
detected from the ultrasound image (3D ultrasound image)
UL Referring to FIG. 15, the processor 130 calculates a strain
rate [, ; (1=lj=N) at predetermined intervals in the lateral
direction and the height direction of an ultrasound image Ul
with respect to a surface SF of the object that is detected from
the ultrasound image (3D ultrasound image) UI.

[0050] Referring to FIG. 7, the processor 130 detects a
pressure applied to the object through the ultrasound probe
210 (S708). In an embodiment, the processor 120 detects the
pressure applied to the object based on the strain rate of the
strain gauge SG.

[0051] As an example, the processor 130 calculates the
pressure F corresponding to each of the strainrates L., and [,
of the strain gauge SG by applying the calculated strain rates
L, and L, of the strain gauge SG, the damping factor (damp-
ing value), and the elasticity factor (elasticity value), which
are stored in the storage unit 120, to Equation 1 as illustrated
in FIGS. 8 and 10.

F=mx"+cx"tkx

[0052] In Equation 1, m denotes the mass of the strain
gauge SG, ¢ denotes the damping factor (damping value) of
the strain gauge SG, k denotes the elasticity factor (elasticity
value) of the strain gauge SG, x denotes the length of the
strain gauge SG, x' denotes a velocity term obtained by tem-
porally differentiating the length x, and x" denotes an accel-
eration term obtained by temporally differentiating the length
x twice, which is discarded in the present embodiment.
[0053] Alternatively, the processor 130 may estimate the
pressure applied to the object at predetermined intervals, as
illustrated in FIGS. 9 and 11, by interpolating the pressure F
corresponding to each of the calculated strain rates I, and T,
of the strain gauge SG with respect to the surface SF of the
object.

[0054] As another example, the processor 130 calculates
the pressure F corresponding to each of the strain rates L,
(1=i=N) of the strain gauge SG by applying the calculated
strain rates L, (1<i<N) of the strain gauge SG to Equation 1 as
illustrated in FIGS. 9 and 11.

[0055] As another example, the processor 130 calculates
the pressure F corresponding to each of the strain rates strain
rates L, ;, L) 5, . .. » Ly » of the strain
gauge SG by applying the calculated strainrates L, ;, L, ,, ..
Ly Logs Loy -+ - Ly y0f the strain gauge SG to Equation
1 as illustrated in FIGS. 12 and 14.

[0056] Alternatively, the processor 130 may estimate the
pressure applied to the object at predetermined intervals, as
illustrated in FIGS. 13 and 15, by interpolating the pressure F

[Equation 1]

. Ll,Ns LZ,ls LZ,Z: v
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corresponding to each of the calculated strainrates L, ;, L, 5,
s Lia Loy Ly, o ooy Ly o of the strain gauge SG with
respect to the surface SF of the object.
[0057] As another example, the processor 130 calculates
the pressure F cotresponding to each of the strain rates L, ,
(1=i,j=N) of the strain gauge SG by applying the calculated
strainrates L, (1<i,j<N) of the strain gauge SG to Bquation 1,
as illustrated in FIGS. 13 and 15.

[0058] In another embodiment, the processor 130 calcu-
lates, based on the calculated strain rate of the strain gauge
SG, a pressure (hereinafter referred to as a first pressure)
corresponding to the strain rate of the strain gauge SG. The
processor 130 calculates, based on the measurement informa-
tion received from the pressure sensor PS, a pressure (here-
inafter referred to as a second pressure) corresponding to the
measurement information. Then, based on the first pressure
and the second pressure, the processor 130 detects the pres-
sure applied to the object through the ultrasound probe 210.
For example, the processor 130 detects an average value of
the first pressure and the second pressure as the pressure
applied to the object.

[0059] Inthe above embodiment, it has been described that
the average value of the first pressure and the second pressure
is detected as the pressure applied to the object; however,
embodiments of the present invention are not limited thereto.

[0060] Alternatively, the processor 130 generates pressure
information including the detected pressure F, and controls a
display of the pressure information. The pressure information
may be displayed in various shapes (for example, as a text, a
numerical value, or a graph)

[0061] Alternatively, the processor 130 may perform image
compensation processing on the ultrasound image UI by
using the detected pressure F. Since the image compensation
processing may be performed by various well-known meth-
ods, a detailed description thereof will be omitted herein.

[0062] Alternatively, the processor 130 may perform image
compensation processing on the ultrasound image UI by
using the detected pressure F and the strain rate of each target
stored in the storage unit 120.

[0063] Referring to F1G. 1, the display unit 140 displays the
ultrasound image generated by the processor 130. Also, the
display unit 140 displays the pressure information generated
by the processor 130.

[0064] As described above, according to the one or more of
the above embodiments of the present invention, the pressure
applied to an object through the ultrasound probe may be
accurately detected by using the strain gauge or by using the
strain gauge and the pressure sensor.

[0065] Also, the ultrasound image may be compensated by
using the detected pressure.

[0066] 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.

[0067] While one or more embodiments of the present
invention 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 of the present
invention as defined by the following claims.
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What is claimed is:

1. An ultrasound system comprising:

an ultrasound data acquiring unit configured to acquire, by

using an ultrasound probe comprising a strain gauge that
is strained by a pressure applied thereto and has a damp-
ing factor and an elasticity factor, ultrasound data cor-
responding to an object; and

a processor configured to generate an ultrasound image by

using the ultrasound data, calculate a strain rate of the
strain gauge caused by the pressure by using the ultra-
sound image, and detect the pressure by using the strain
rate calculated.

2. The ultrasound system of claim 1, wherein the strain
gauge comprises a solid gel; silicon, or a liquid pocket.

3. The ultrasound system of claim 1, wherein the strain
gauge is attached onto a surface of a lens of the ultrasound
probe.

4. The ultrasound system of claim 1, wherein the processor
is configured to:

detect a surface of the object by performing edge detection

on the ultrasound image;

calculate, based on the surface of the object, the strain rate

representing a degree to which the strain gauge is stained
by the pressure applied thereto; and

detect the pressure based on the strain rate.

5. The ultrasound system of claim 4, wherein the ultra-
sound probe comprises a one-dimensional (1 D) array probe.

6. The ultrasound system of claim 5, wherein the processor
is configured to calculate the strain rate at both ends of the
ultrasound probe based on the surface of the object.

7. The ultrasound system of claim 6, wherein the processor
is configured to calculate the pressure by using the strain rate,
the damping factor, and the elasticity factor.

8. The ultrasound system of claim 7, wherein the processor
is further configured to calculate a pressure in the ultrasound
image at predetermined intervals in a lateral direction of the
ultrasound image by performing compensation processing on
the calculated pressure.

9. The ultrasound system of claim 5, wherein the processor
is configured to calculate the strain rate in the ultrasound
image at predetermined intervals in a lateral direction of the
ultrasound image based on the surface of the object.

10. The ultrasound system of claim 9, wherein the proces-
sor is configured to calculate the pressure by using the strain
rate, the damping factor, and the elasticity factor.

11. The ultrasound system of claim 4, wherein the ultra-
sound probe comprises a two-dimensional (2D) array probe.

12. The ultrasound system of claim 11, wherein the pro-
cessor is configured to calculate the strain rate at both ends of
the ultrasound probe at predetermined intervals in a lateral
direction of the ultrasound image based on the surface of the
object.

13. The ultrasound system of claim 12, wherein the pro-
cessor is configured to calculate the pressure by using the
strain rate, the damping factor, and the elasticity factor.

14. The ultrasound system of claim 11, wherein the pro-
cessor is configured to calculate the strain rate in the ultra-
sound image at predetermined intervals in a lateral direction
and a height direction of the ultrasound image based on the
surface of the object.

15. The ultrasound system of claim 14, wherein the pro-
cessor is configured to calculate the pressure by using the
strain rate, the damping factor, and the elasticity factor.

16. The ultrasound system of claim 1, further comprising a
pressure sensor attached to one side of the ultrasound probe
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and configured to measure a pressure applied to the object and
generate measurement information.

17. The ultrasound system of claim 16, wherein the pres-
sure sensor is attached to a surface identical to a surface of a
lens of the ultrasound probe, or inside the lens.

18. The ultrasound system of claim 16, wherein the pro-
cessor is configured to:

calculate a pressure corresponding to the measurement

information, based on the measurement information;
and

detect the pressure applied to the object, based on a pres-

sure corresponding to the strain rate and the pressure
corresponding to the measurement information.

19. The ultrasound system of claim 18. wherein the pro-
cessor is configured to detect an average value of the pressure
corresponding to the strain rate and the pressure correspond-
ing to the measurement information as the pressure applied to
the object.

20. The ultrasound system of claim 1, wherein the proces-
sor is further configured to:

generate pressure information comprising the detected

pressure; and

control a display of the pressure information.

21. The ultrasound system of claim 1, wherein the proces-
sor is further configured to perform image compensation
processing on the ultrasound image by using the detected
pressure.

22. A method of detecting a pressure, comprising;

acquiring, by using an ultrasound probe comprising a strain

gauge that is strained by a pressure applied thereto and
has a damping factor and an elasticity factor, ultrasound
data corresponding to an object;

generating an ultrasound image by using the ultrasound

data;

calculating a strain rate of the strain gauge caused by the

pressure by using the ultrasound image; and

detecting the pressure by using the calculated strain rate.

23. The method of claim 22, wherein the strain gauge
comprises a solid gel, silicon, or a liquid pocket.

24. The method of claim 22, wherein the strain gauge is
attached onto a surface of a lens of the ultrasound probe.

25. The method of claim 22, wherein the calculating of the
strain rate of the strain gauge comprises:

detecting a surface of the object by performing edge detec-

tion on the ultrasound image; and

calculating, based on the surface of the object, the strain

rate representing a degree to which the strain gauge is
stained by the pressure applied thereto.

26. The method of claim 25, wherein the ultrasound probe
comprises a one-dimensional (1D) array probe.

27. The method of claim 26, wherein the calculating of the
strain rate representing the degree comprises calculating the
strain rate at both ends of the ultrasound probe based on the
surface of the object.

28. The method of claim 27, wherein the detecting of the
pressure comprises calculating the pressure by using the
strain rate, the damping factor, and the elasticity factor.

Dec. 4, 2014

29. The method of claim 28, wherein the detecting of the
pressure comprises calculating a pressure in the ultrasound
image at predetermined intervals in a lateral direction of the
ultrasound image by performing compensation processing on
the calculated pressure.

30. The method of claim 26, wherein the calculating of the
strain rate representing the degree comprises calculating the
strain rate in the ultrasound image at predetermined intervals
in a lateral direction of the ultrasound image based on the
surface of the object.

31. The method of claim 30, wherein the detecting of the
pressure comprises calculating the pressure by using the
strain rate, the damping factor, and the elasticity factor.

32. The method of claim 25, wherein the ultrasound probe
comprises a two-dimensional (2D) array probe.

33. The method of claim 32, wherein the calculating of the
strain rate representing the degree comprises calculating the
strain rate at both ends of the ultrasound probe at predeter-
mined intervals in a lateral direction of the ultrasound image
based on the surface of the object.

34. The method of claim 33, wherein the detecting of the
pressure comprises calculating the pressure by using the
strain rate, the damping factor, and the elasticity factor.

35. The method of claim 32, wherein the calculating of the
strain rate representing the degree comprises calculating the
strain rate in the ultrasound image at predetermined intervals
in a lateral direction and a height direction of the ultrasound
image based on the surface of the object.

36. The method of claim 35, wherein the detecting of the
pressure comprises calculating the pressure by using the
strain rate, the damping factor, and the elasticity factor.

37. The method of claim 22, further comprising measuring
a pressure applied to the object and generating measurement
information, by using a pressure sensor attached to one side of
the ultrasound probe.

38. The method of claim 37, wherein the pressure sensor is
attached to a surface identical to a surface of a lens of the
ultrasound probe, or inside the lens.

39. The method of claim 37, further comprising:

calculating, based on the measurement information, a pres-

sure corresponding to the measurement information;
and

detecting the pressure applied to the object based on a

pressure corresponding to the strainrate and the pressure
corresponding to the measurement information.

40. The method of claim 39, wherein the detecting of the
pressure applied to the object comprises detecting an average
value of the pressure corresponding to the strain rate and the
pressure corresponding to the measurement information as
the pressure applied to the object.

41. The method of claim 22, further comprising:

generating pressure information comprising the detected

pressure; and

controlling a display of the pressure information.

42. The method of claim 22, further comprising perform-
ing image compensation processing on the ultrasound image
by using the detected pressure.
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