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7) ABSTRACT

A method of displaying an elastography image and an
ultrasound diagnosis apparatus performing the method are
provided. The method includes transmitting an ultrasound
signal to an object, receiving a response signal to the
transmitted ultrasound signal, determining ultrasound image
data based on the received response signal, determining
displacement image data based on the determined ultrasound
image data, generating elastography images based on the
determined displacement image data, dividing the elastog-
raphy images into sections based on a criterion, and deter-
mining a representative elastography image of each of the
sections based on one or more elastography images in each
of the sections and quality information of the one or more
elastography images, the quality information being based on
a strain of a first elastography image among the one or more
elastography images. The method further includes display-
ing the representative elastography image.
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FIG. 4
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GENERATE REPRESENTATIVE ELASTOGRAPHY IMAGE THAT REPRESENTS
EACH OF PLURALITY OF SECTIONS, BASED ON AT LEAST ONE — 140

ELASTOGRAPHY IMAGE INCLUDED IN EACH OF PLURALITY OF SECTIONS
AND QUALITY INFORMATION OF AT LEAST ONE ELASTOGRAPHY

DISPLAY REPRESENTATIVE ELASTOGRAPHY IMAGE ON DISPLAY |— 150

END



Patent Application Publication Nov. 17,2016 Sheet 6 of 17 US 2016/0331345 Al

FIG. 5A

ﬁhhﬂamejﬁ!

(i+1)th framef

VVVVVVVVVVVU

AI e B' CEEE



US 2016/0331345 A1

Nov. 17,2016 Sheet 7 of 17

Patent Application Publication

oB

FIG.

(Ww) Juswade(dsi(

20 40 60 80 100 120 140 160 180 200

Frame



US 2016/0331345 A1

Nov. 17,2016 Sheet 8 of 17

Patent Application Publication

6

FIG.

| |

| |

~ ||L|III‘“llllLIIII.rIIILIIII.rII
|

| |

—=L

(ww) s waoe|dsig

20 40 60 80 100 120 140 160 18 200

Frame



Patent Application Publication Nov. 17,2016 Sheet 9 of 17 US 2016/0331345 Al

FIG. 7A

Compression  Release ~ Compression  Release Compression
®

Displacement (mm)

Frame



US 2016/0331345 A1

Nov. 17,2016 Sheet 10 of 17

Patent Application Publication

. 7B

FIG

.mcv
1420
¢0g'
.._wﬁ..

20 40 60 80 100 120 140 160 180 200

(W) weweoe|(dsiq

Frame



Patent Application Publication Nov. 17,2016 Sheet 11 of 17  US 2016/0331345 Al

FIG. 7C

Displacement (mm)

Frame



Patent Application Publication Nov. 17,2016 Sheet 12 of 17  US 2016/0331345 A1

FIG. 8
D ® ® @ ® ®
T 1 1
1 ﬁ 1 :ﬁ) I ‘ " \7
_ 3 | | it
2 i
@ Lep | ‘ 5\ 4 n
§ 0.8 |4 &yl i ¢ ? I J - ! i l W‘l‘f ‘
o ¥ L b VI O
S \ (I ROV
£ A N SR
-
£
g
»

160




US 2016/0331345 A1

Nov. 17,2016 Sheet 13 of 17

Patent Application Publication

FIG. 9

by
P

&

SR IO DN <

-
fale

|
|
|
+
|
I
)
I
L
T
I
P
|

|
|

0.8
0.6 [r———1%

(%) @oual

[

HIp uten

160 180 200

140

A4

SYNTHESIS OF STRAIN IMAGES




Patent Application Publication Nov. 17,2016 Sheet 14 of 17  US 2016/0331345 A1

FIG. 10

RECENT REPRESENTATIVE
STRAIN IMAGE REAL-TIME STRAIN IMAGE




Patent Application Publication Nov. 17,2016 Sheet 15 of 17  US 2016/0331345 Al

FIG. 11

RECENT REPRESENTATIVE
STRAIN IMAGE

REAL-TIME B MODE IMAGE

PRVIOUS REPRESENTATIVE STRAIN IMAGES




US 2016/0331345 A1

Nov. 17,2016 Sheet 16 of 17

Patent Application Publication

FIG. 12

STRAIN IMAGE

B MODE IMAGE

QUALITY INDEX

| 1 1 <
PR VR S 118
R ~
! _\t@.@\%i
=) o
- T =ty ——T-—|®
Pl W@ -
|
R = o
l|ﬁ.__||o.__“_wﬂ.rL|| ©
{5 ) —
| ﬂjl@ o
JE S —d—{F
I T -
I
| |} I
__ %ﬁ» L %
[ ——ge il T -
A
| £s o
T 5, —1-— 2
RS - -
| L
=% 2 —is
| I I G [
| 1 -]
I
S S S T PN
[ S | ©
” ] ?r%
ety
T pﬁ_k -9
| ] ] 2
Py
e = —1-—8
NaE |
i s ), i
o T
— (=] Q (=) <

(%) @oualayyip UleliS

Frame




Patent Application Publication Nov. 17,2016 Sheet 17 of 17  US 2016/0331345 Al

FIG. 13

B MODE IMAGE STRAIN IMAGE

MOTION INFORMATION

100 120 140 160 180 20
Frame

|
|
il
:
|
|
|
pu—
|
|
|
|
|%§
|
1
|
|
|
__l___:_
|
I
|
|
g
a1
| |
L

o
o
o
(=
o))
o
[0.0]
o

Displacement (mm)




US 2016/0331345 Al

METHOD OF DISPLAYING
ELASTOGRAPHY IMAGE AND
ULTRASOUND DIAGNOSIS APPARATUS
PERFORMING THE METHOD

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2015-0067595, filed on May 14,
2013, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1. Field

[0003] Methods and apparatuses consistent with exem-
plary embodiments relate to methods of and ultrasound
diagnosis apparatuses for displaying an elastography image.
More particularly, methods and apparatuses consistent with
exemplary embodiments relate to a method of acquiring a
good-quality elastography image from a plurality of elas-
tography images and displaying the good-quality elastogra-
phy image, and an ultrasound diagnosis apparatus perform-
ing the method.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis apparatuses transmit an ultra-
sonic signal from the surface of the body of an object toward
an inner part of the body by using a probe and obtain an
image of a cross-section of a soft tissue or an image of blood
flow by using information about an ultrasonic signal
reflected by the inner part of the body.

[0006] Such ultrasound diagnosis apparatuses are compact
and inexpensive and display a captured image in real time.
In addition, the ultrasound diagnosis apparatuses are safe
due to the lack of radioactive exposure, such as, exposure to
X-rays, and thus are widely used together with other image
diagnosis apparatuses such as an X-ray diagnosis apparatus,
a computed tomography (CT) scanner, a magnetic resonance
imaging (MRI) apparatus, a nuclear medical diagnosis appa-
ratus, and the like.

[0007] Elastography is an ultrasound imaging modality to
represent the elastic properties of an object via an image.
The elastic properties of an object provide qualitative or
quantitative information about diseases associated with the
elasticity of a body tissue, such as cancers and liver cirrho-
sis.

[0008] Tumors are harder than normal tissue. In other
words, the elasticity of a tumor is smaller than that of a
normal tissue, and thus, when the same pressure is applied
to the tumor and the normal tissue, a strain of the normal
tissue is greater than that of the tumor. Thus, elastography
may be used to diagnose tumors or cancers. Because ultra-
sound diagnosis apparatuses can be used very conveniently
and quickly compared with other medical image diagnosis
apparatuses, elastography image technology using ultra-
sonic waves may be used in the early diagnosis of various
diseases.

SUMMARY

[0009] Exemplary embodiments address at least the above
problems and/or disadvantages and other disadvantages not
described above. Also, the exemplary embodiments are not
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required to overcome the disadvantages described above,
and may not overcome any of the problems described above.

[0010] One or more exemplary embodiments provide
methods and apparatuses for displaying an ultrasound elas-
tography image, whereby elastography images are divided
into a plurality of sections and a representative elastography
image of a good quality is generated and displayed, thereby
increasing the accuracy of disease diagnosis and shortening
the time for reviewing images.

[0011] According to an aspect of an exemplary embodi-
ment, a method of displaying an elastography image
includes transmitting an ultrasound signal to an object,
receiving a response signal to the transmitted ultrasound
signal, determining ultrasound image data based on the
received response signal, determining displacement image
data based on the determined ultrasound image data, gen-
erating elastography images based on the determined dis-
placement image data, dividing the elastography images into
sections based on a criterion, and determining a represen-
tative elastography image of each of the sections based on
one or more elastography images in each of the sections and
quality information of the one or more elastography images,
the quality information being based on a strain of a first
elastography image among the one or more elastography
images. The method further includes displaying the repre-
sentative elastography image.

[0012] The quality information may include a difference
between the strain of the first elastography image and a
strain of a second elastography image different from the first
elastography image, the second elastography image includ-
ing at least one among a previous frame of the first elas-
tography image and a reference elastography image.

[0013] The quality information may include at least one
among a size of a mean strain of the first elastography image
and a correlation coeflicient of the first elastography image.

[0014] The dividing may include estimating a motion of
the object based on the displacement image data, and
dividing the elastography images into the sections based on
the estimated motion.

[0015] The dividing may include dividing the elastogra-
phy images into the sections based on a number of frames in
each of the sections.

[0016] The determining the representative elastography
image may include selecting, as the representative elastog-
raphy image, an elastography image having quality infor-
mation satisfying a condition from the one or more elastog-
raphy images in each of the sections.

[0017] The determining the representative elastography
image may include synthesizing the one or more elastogra-
phy images in each of the sections to generate the repre-
sentative elastography image.

[0018] The displaying may include displaying the repre-
sentative elastography image together with a real-time ultra-
sound image that is acquired based on the determined
ultrasound image data.

[0019] The real-time ultrasound image may include at
least one among a real-time elastography image and a
real-time brightness mode image.

[0020] The displaying may include displaying a represen-
tative elastography image of a most recently concluded
section among the representative elastography image of each
of the sections.
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[0021] The displaying may include displaying the repre-
sentative elastography image of each of the sections in a
chronological order.

[0022] The displaying may include displaying the repre-
sentative elastography image together with quality informa-
tion corresponding to each of the elastography images.
[0023] The displaying may include displaying the repre-
sentative elastography image together with displacement
image data corresponding to each of the elastography
images.

[0024] The displacement image data may include a dis-
placement between ultrasound image data that is determined
before a tissue of the object is compressed by a probe and
ultrasound image data that is determined after the tissue of
the object is compressed by the probe.

[0025] A non-transitory computer-readable storage
medium may store a program including instructions to cause
a computer to perform the method.

[0026] According to an aspect of an exemplary embodi-
ment, an ultrasound diagnosis apparatus includes an ultra-
sound transceiver configured to transmit an ultrasound sig-
nal to an object, receive a response signal to the transmitted
ultrasound signal, and determine ultrasound image data
based on the received response signal. The ultrasound diag-
nosis apparatus further includes an image processor config-
ured to determine displacement image data based on the
determined ultrasound image data, generate elastography
images based on the determined displacement image data,
divide the elastography images into sections based on a
criterion, and determine a representative elastography image
of each of the sections based on one or more elastography
images in each of the sections and quality information of the
one or more elastography images, the quality information
being based on a strain of a first elastography image among
the one or more elastography images. The ultrasound diag-
nosis apparatus further includes a display configured to
display the representative elastography image.

[0027] The image processor may be further configured to
estimate a motion of the object based on the displacement
image data, and divide the elastography images into the
sections based on the estimated motion.

[0028] The image processor may be further configured to
divide the elastography images into the sections based on a
number of frames in each of the sections.

[0029] The image processor may be further configured to
select, as the representative elastography image, an elastog-
raphy image having quality information satisfying a condi-
tion from the one or more elastography images in each of the
sections.

[0030] The image processor may be further configured to
synthesize the one or more elastography images in each of
the sections to generate the representative elastography
image.

[0031] The display may be further configured to display
the representative image together with a real-time ultrasound
image that is acquired based on the determined ultrasound
image data.

[0032] The display may be further configured to display a
representative elastography image of a most recently con-
cluded section among the representative elastography image
of each of the sections.

[0033] The display may be further configured to display
the representative elastography image of each of the sections
in a chronological order.
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[0034] The display may be further configured to display
the representative elastography image together with the
quality information corresponding to each of the elastogra-
phy images.

[0035] The display may be further configured to display
the representative elastography image together with dis-
placement image data corresponding to each of the elastog-
raphy images.

[0036] According to an aspect of an exemplary embodi-
ment, an ultrasound diagnosis apparatus includes an image
processor configured to generate displacement images based
on displacements between ultrasound images, generate elas-
tography images based on differences of strains between the
displacement images, divide the elastography images into
sections, and determine a representative elastography image
of each of the sections, the representative elastography
image having a lowest difference of strains among one or
more elastography images in each of the sections. The
ultrasound diagnosis apparatus further includes a display
configured to display the representative elastography image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and/or other aspects will be more appar-
ent by describing exemplary embodiments, with reference to
the accompanying drawings, in which:

[0038] FIG. 1 1is a block diagram showing a configuration
of an ultrasound diagnosis apparatus, according to an exem-
plary embodiment;

[0039] FIGS. 2A and 2B are diagrams showing a tissue of
an object being deformed by slowly applying a force to the
object, according to an exemplary embodiment;

[0040] FIG. 3 is a block diagram of a structure of an
ultrasound diagnosis apparatus, according to an exemplary
embodiment;

[0041] FIG. 4 is a flowchart of a method of displaying a
representative elastography image, according to an exem-
plary embodiment;

[0042] FIG. 5A is a diagram illustrating an ultrasound
diagnosis apparatus comparing temporally adjacent ultra-
sound image frames F(i) and F(i+1) with each other and
calculating a displacement caused by a tissue deformation of
an object, according to an exemplary embodiment;

[0043] FIG. 5B is a graph illustrating displacement image
data that an ultrasound diagnosis apparatus acquires for each
of a plurality of temporally-consecutive frames, according to
an exemplary embodiment;

[0044] FIG. 6 is a graph illustrating an ultrasound diag-
nosis apparatus dividing a plurality of temporally consecu-
tive elastography image frames into a plurality of sections
according to a predetermined criterion, according to an
exemplary embodiment;

[0045] FIGS. 7A and 7B are graphs illustrating an ultra-
sound diagnosis apparatus dividing a plurality of elastogra-
phy image frames into a plurality of sections, based on a
movement of an object, according to an exemplary embodi-
ment;

[0046] FIG. 7C is a graph illustrating an ultrasound diag-
nosis apparatus dividing a plurality of elastography image
frames into a plurality of sections, based on the predeter-
mined number of frames, according to an exemplary
embodiment;

[0047] FIG. 8 is a diagram illustrating an ultrasound
diagnosis apparatus selecting representative elastography
images that respectively represent a plurality of sections,
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based on quality information corresponding to elastography
images, according to an exemplary embodiment;

[0048] FIG. 9 is a diagram illustrating an ultrasound
diagnosis apparatus generating a representative elastography
image of a section by synthesizing at least one elastography
image included in the section, according to an exemplary
embodiment;

[0049] FIGS. 10 and 11 are diagrams illustrating an ultra-
sound diagnosis apparatus displaying representative elastog-
raphy images together with a real-time ultrasound image,
according to an exemplary embodiment;

[0050] FIG. 12 is a diagram illustrating an ultrasound
diagnosis apparatus displaying quality information and a
representative elastography image, according to an exem-
plary embodiment; and

[0051] FIG. 13 is a diagram illustrating an ultrasound
diagnosis apparatus displaying displacement image data and
a representative elastography image together, according to
an exemplary embodiment.

DETAILED DESCRIPTION

[0052] Exemplary embodiments are described in greater
detail below with reference to the accompanying drawings.
[0053] Inthe following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in
a comprehensive understanding of the exemplary embodi-
ments. However, it is apparent that the exemplary embodi-
ments can be practiced without those specifically defined
matters. Also, well-known functions or constructions may
not be described in detail since they would obscure the
description with unnecessary detail.

[0054] It will be understood that the terms “comprises”
and/or “comprising” used herein specify the presence of
stated features or components, but do not preclude the
presence or addition of one or more other features or
components. In addition, the terms such as “unit”, “-er
(-or)”, and “module” described in the specification refer to
an element for performing at least one function or operation,
and may be implemented in hardware, software, or the
combination of hardware and software.

[0055] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is obtained
using ultrasound waves. Furthermore, an “object” may be a
human, an animal, or a part of a human or animal. For
example, the object may be an organ (e.g., the liver, the
heart, the womb, the brain, a breast, or the abdomen), a
blood vessel, or a combination thereof. Also, the object may
be a phantom. The phantom means a material having a
density, an effective atomic number, and a volume that are
approximately the same as those of an organism. For
example, the phantom may be a spherical phantom having
properties similar to a human body.

[0056] Throughout the specification, a “user” may be, but
is not limited to, a medical expert, for example, a medical
doctor, a nurse, a medical laboratory technologist, or a
medical imaging expert, or a technician who repairs medical
apparatuses.

[0057] FIG. 11is a block diagram showing a configuration
of an ultrasound diagnosis apparatus 1000, according to an
exemplary embodiment.

[0058] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 1000 includes a probe 20, an ultrasound transceiver
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1100, an image processor 1200, a communication interface
1300, a display 1400, a memory 1500, an input interface
1600, and a controller 1700, which may be connected to one
another via buses 1800.

[0059] The ultrasound diagnosis apparatus 1000 may be a
cart type apparatus or a portable type apparatus. Examples
of portable ultrasound diagnosis apparatuses may include,
but are not limited to, a picture archiving and communica-
tion system (PACS) viewer, a smartphone, a laptop com-
puter, a personal digital assistant (PDA), and a tablet PC.

[0060] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 1100 and receives echo signals
reflected by the object 10.

[0061] The probe 20 includes a plurality of transducers,
and the plurality of transducers oscillates in response to
electric signals and generates acoustic energy, that is, ultra-
sound waves. Furthermore, the probe 20 may be connected
to the main body of the ultrasound diagnosis apparatus 1000
by wire or wirelessly, and according to embodiments, the
ultrasound diagnosis apparatus 1000 may include a plurality
of probes 20.

[0062] A transmitter 1110 supplies a driving signal to the
probe 20. The transmitter 110 includes a pulse generator
1112, a transmission delayer 1114, and a pulser 1116. The
pulse generator 1112 generates pulses for forming transmis-
sion ultrasound waves based on a predetermined pulse
repetition frequency (PRF), and the transmission delayer
1114 delays the pulses by delay times for determining
transmission directionality. The pulses which have been
delayed correspond to a plurality of piezoelectric vibrators
included in the probe 20, respectively. The pulser 1116
applies a driving signal (or a driving pulse) to the probe 20
based on timing corresponding to each of the pulses which
have been delayed.

[0063] A receiver 1120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The
receiver 120 includes an amplifier 1122, an analog-to-digital
converter (ADC) 1124, a reception delayer 1126, and a
summer 1128. The amplifier 1122 amplifies echo signals in
each channel, and the ADC 1124 performs analog-to-digital
conversion with respect to the amplified echo signals. The
reception delayer 1126 delays digital echo signals output by
the ADC 1124 by delay times for determining reception
directionality, and the summer 1128 generates ultrasound
data by summing the echo signals processed by the reception
delayer 1166. In one or more exemplary embodiments, the
receiver 1120 may not include the amplifier 1122. In other
words, if the sensitivity of the probe 20 or the capability of
the ADC 1124 to process bits is enhanced, the amplifier 1122
may be omitted.

[0064] The image processor 1200 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 1100 and displays the ultrasound
image. The ultrasound image may be not only a grayscale
ultrasound image obtained by scanning an object in an
amplitude (A) mode, a brightness (B) mode, and a motion
(M) mode, but also a Doppler image showing a movement
of an object via a Doppler effect. The Doppler image may be
a blood flow Doppler image showing flow of blood (also
referred to as a color Doppler image), a tissue Doppler
image showing a movement of tissue, or a spectral Doppler
image showing a moving speed of an object as a waveform.
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[0065] A B mode processor 1212 extracts B mode com-
ponents from ultrasound data and processes the B mode
components. An image generator 1220 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components. Similarly, a
Doppler processor may extract Doppler components from
ultrasound data, and the image generator 1220 may generate
a Doppler image indicating a movement of an object as
colors or waveforms based on the extracted Doppler com-
ponents.

[0066] According to an exemplary embodiment, the image
generator 1220 may generate a three-dimensional (3D)
ultrasound image via volume-rendering with respect to
volume data and may also generate an elasticity image by
imaging deformation of the object 10 due to pressure.
Furthermore, the image generator 1220 may display various
pieces of additional information in an ultrasound image by
using text and graphics. In addition, the generated ultra-
sound image may be stored in the memory 1500.

[0067] A display 1400 displays the generated ultrasound
image. The display 1400 may display not only an ultrasound
image, but also various pieces of information processed by
the ultrasound diagnosis apparatus 1000 on a screen image
via a graphical user interface (GUI). In addition, the ultra-
sound diagnosis apparatus 1000 may include two or more
displays 1400 according to exemplary embodiments.
[0068] The communication interface 1300 is connected to
a network 30 by wire or wirelessly to communicate with an
external device or a server. The communication interface
1300 may exchange data with a hospital server or another
medical apparatus in a hospital, which is connected thereto
via a PACS. Furthermore, the communication interface 1300
may perform data communication according to the digital
imaging and communications in medicine (DICOM) stan-
dard.

[0069] The communication interface 1300 may transmit or
receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of the
object, via the network 30 and may also transmit or receive
medical images captured by another medical apparatus, e.g.,
a computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, or an X-ray apparatus.
Furthermore, the communication interface 1300 may receive
information about a diagnosis history or medical treatment
schedule of a patient from a server and utilizes the received
information to diagnose the patient. Furthermore, the com-
munication interface 1300 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 medical
doctor or patient.

[0070] The communication interface 1300 is connected to
the network 30 by wire or wirelessly to exchange data with
a server 32, a medical apparatus 34, or a portable terminal
36. The communication interface 1300 may include one or
more components for communication with external devices.
For example, the communication interface 1300 includes a
local area communication interface 1310, a wired commu-
nication interface 1320, and a mobile communication intet-
face 1330.

[0071] The local area communication interface 1310
refers to a module for local area communication within a
predetermined distance. Examples of local area communi-
cation techniques according to an exemplary embodiment
may include, but are not limited to, wireless LAN, Wi-Fi,
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Bluetooth, ZigBee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC).
[0072] The wired communication interface 1320 refers to
a module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an exemplary embodiment may include com-
munication via a twisted pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.

[0073] The mobile communication interface 1330 trans-
mits or receives wireless signals to or from at least one
selected from a base station, an external terminal, and a
server on a mobile communication network. The wireless
signals may be voice call signals, video call signals, or
various types of data for transmission and reception of
text/multimedia messages.

[0074] The memory 1500 stores various data processed by
the ultrasound diagnosis apparatus 1000. For example, the
memory 1500 may store medical data related to diagnosis of
an object, such as ultrasound data and an ultrasound image
that are input or output, and may also store algorithms or
programs which are to be executed in the ultrasound diag-
nosis apparatus 1000.

[0075] The memory 1500 may be any of various storage
media, e.g., a flash memory, a hard disk drive, EEPROM,
etc. Furthermore, the ultrasound diagnosis apparatus 1000
may utilize web storage or a cloud server that performs the
storage function of the memory 1500 online.

[0076] The input interface 1600 refers to a device via
which a user inputs data for controlling the ultrasound
diagnosis apparatus 1000. The input interface 1600 may
include hardware components, such as a keypad, a mouse, a
touch pad, a touch screen, and a jog switch. However,
exemplary embodiments are not limited thereto, and the
input interface 1600 may further include any of various
other input units including an electrocardiogram (ECG)
measuring module, a respiration measuring module, a voice
recognition sensor, a gesture recognition sensor, a finger-
print recognition sensor, an iris recognition sensot, a depth
sensor, a distance sensor, etc.

[0077] The controller 1700 may control all operations of
the ultrasound diagnosis apparatus 1000. In other words, the
controller 1700 may control operations among the probe 20,
the ultrasound transceiver 1100, the image processor 1200,
the communication interface 1300, the display 1400, the
memory 1500, and the input interface 1600 shown in FIG.
1

[0078] All or some of the probe 20, the ultrasound trans-
ceiver 1100, the image processor 1200, the communication
interface 1300, the display 1400, the memory 1500, the input
interface 1600, and the controller 1700 may be implemented
as software modules. Also, at least one of the ultrasound
transmission/reception unit 1100, the image processor 1200,
and the communication interface 1300 may be included in
the control unit 1600; however, exemplary embodiments are
not limited thereto.

[0079] FIGS. 2A and 2B are diagrams showing a tissue of
the object 10 being deformed by slowly applying a force to
the object 10, according to an exemplary embodiment.
[0080] Cancers or tumors generated in a soft tissue of an
object, such as the breast or prostate, are harder than a
surrounding normal tissue. However, because a boundary
between a cancer and surrounding normal tissue is unclear
on an ultrasound brightness (B) mode image, it is hard to
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distinguish the cancer from the surrounding normal tissue.
Thus, an ultrasound elastography image capable of being
provided with quantitative information obtained by imaging
the hardness of tissue may help diagnosis of tumors or
cancers.

[0081] The ultrasound elastography image is obtained by
measuring deformation of tissue of an object due to appli-
cation of a mechanical force (pressure) and imaging the
measured deformation.

[0082] In other words, elastography is used to represent
the elastic properties of an object via an image. The bright-
ness and/or color of pixels in an elastography image may be
controlled according to the elastic properties of an object.
The elastic properties of the object may be determined via a
strain of the object caused by a pressure applied thereto.
[0083] Because a user has difficulty in quantitatively mea-
suring a mechanical force applied to tissue of the object, the
user may measure and image only the strain.

[0084] As shown in FIG. 2A, tissue of the object 10 has a
depth of L before a user applies a mechanical force to the
object 10 by using the probe 20. As shown in FIG. 2B, after
the user applies a mechanical force to the object 10 by using
the probe 20, the tissue of the object 10 is compressed and
deformed.

[0085] In other words, the tissue is compressed in the
direction in which the user applies the mechanical force to
the tissue, and thus the tissue of the object 10 has a depth of
L-AL.

[0086] As described above, as compared with the depth of
the tissue of the object 10 before the user applies a mechani-
cal force to the object 10 by using the probe 20, the depth
of the tissue of the object 10 after the mechanical force is
applied to the object 10 has a displacement of AL in the
direction in which the mechanical force is applied. In other
words, referring to FIGS. 2A and 2B, while the user is
applying the mechanical force to the object 10 by using the
probe 20, displacement occurs due to deformation of the
tissue of the object 10.

[0087] While the user is applying the mechanical force to
the object 10 by using the probe 20, the probe 20 according
to an exemplary embodiment transmits an ultrasound signal
to the object 10 and receives a response signal reflected by
the object 10.

[0088] For example, the probe 20 according to an exem-
plary embodiment may periodically apply a force to a
diagnosis part of the object 10 and periodically measure
deformation of tissue of the diagnosis part of the object 10.
[0089] For example, while a user is periodically applying
a force to the diagnosis part of the object 10 by using the
probe 20, the probe 20 transmits an ultrasound signal to the
object 10 and receives a response signal reflected by the
object 10 that periodically repeats compression and release.
[0090] An ultrasound diagnosis apparatus according to an
exemplary embodiment may acquire ultrasound image data
based on the received response signal, and generate a
plurality of ultrasound image frames F(i) (1=i<N) corre-
sponding to the ultrasound image data. In this case, the
ultrasound diagnosis apparatus according to an exemplary
embodiment may calculate a displacement between tempo-
rally-adjacent ultrasound image frames and acquire dis-
placement image data based on the calculated displacement.
[0091] The ultrasound diagnosis apparatus according to an
exemplary embodiment may also generate a plurality of
displacement image frames F,(i) (1=i=N-1) corresponding
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to the displacement image data. For example, a displacement
image frame F (1) is a displacement image frame corre-
sponding to displacement image data calculated between an
ultrasound image frame F(1) and an ultrasound image frame
F(2), and a displacement image frame F (N-1) is a displace-
ment image frame corresponding to displacement image
data calculated between an ultrasound image frame F(N-1)
and an ultrasound image frame F(N).

[0092] When the displacement is differentiated in the
direction in which the mechanical force is applied, a strain
of the object 10 is calculated. Thus, when a displacement
image frame is differentiated in the direction in which the
mechanical force is applied, a strain image frame F (i)
(1=i=N-1) may be acquired. An elastography image frame
according to an exemplary embodiment may include a strain
image frame.

[0093] In this case, pixels of the strain image frame may
have different degrees of brightness and/or different colors
according to strains of the pixels. For example, a location
having a small strain on a strain image may be shown darkly.
[0094] The object 10 may include tissue of interest that is
to be pathologically diagnosed via elastography. For
example, the tissue of interest may be a thyroid, a breast, or
a prostate, and may include soft tissue such as normal tissue
and hard tissues such as cancers or tumors.

[0095] In this case, when tissues having different degrees
of hardness are distributed in the direction in which a user
has applied a force, within the tissue of interest, and a user
slowly presses the tissue of the object 10 by using the probe
20, soft tissue is more compressed than hard tissue and is
thus greatly deformed. Thus, displacement by which tissue
is moved in the direction in which a force is applied varies
according to hardness of the tissue, and accordingly a strain
of the tissue varies.

[0096] For example, when a tumor or a cancer is present
between normal tissues of the object 10 and a user slowly
presses the tissue of the object 10 by using the probe 20,
displacement occurs more greatly in the normal tissues than
in the tumor or the cancer. Accordingly, the strain of a tumor
is smaller than that of normal tissue, and thus the tumor may
be displayed more darkly than the normal tissue on an
identical elastography image.

[0097] Thus, an ultrasound elastography image may be
more helpful in diagnosing a tumor or a cancer, than an
ultrasound B mode image from which it is hard to distin-
guish a cancer from surround normal tissue due to unclear-
ness of the boundary therebetween.

[0098] However, images having good-quality elasticity
and images having bad-quality elasticity are mixed in a
plurality of ultrasound elastography images corresponding
to a plurality of frames acquired in real time, and many
similar elastography images are repeated. Thus, a user has
difficulty in selecting images having good-quality elasticity.
[0099] Therefore, the ultrasound diagnosis apparatus 1000
according to an exemplary embodiment automatically
selects only an image frame having good-quality elasticity
from a plurality of ultrasound elastography image frames
and displays the selected image frame having good-quality
elasticity on the display 1400 in real time, whereby a user
may conveniently make diagnosis by using elastography
image frames.

[0100] FIG. 3 is a block diagram of a structure of the
ultrasound diagnosis apparatus 1000, according to an exem-
plary embodiment.
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[0101] Referring to FIG. 3, the ultrasound diagnosis appa-
ratus 1000 includes the probe 20, the ultrasound transceiver
1100, the image processor 1200, the display 1400, and the
controller 1700.

[0102] The aforementioned components will now be
described in detail.

[0103] The controller 1700 controls all operations of the
ultrasound diagnosis apparatus 1000.

[0104] That is, the control unit 1700 may control opera-
tions performed among the ultrasound transceiver 1100, the
image processor 1200, and the display 1400 shown in FIG.
3.

[0105] All or some of the probe 20, the ultrasound trans-
ceiver 1100, the image processor 1200, the display 1400, and
the controller 1700 may be operated by software modules.
However, exemplary embodiments are not limited thereto,
and some of the components stated above may be operate by
hardware modules.

[0106] The probe 20 transmits an ultrasound signal to the
object 10 based on a driving signal applied by the ultrasound
transceiver 1100 and receives an echo signal reflected by the
object 10.

[0107] The ultrasound transceiver 1100 transmits the
ultrasound signal to the object 10 and receives a response
signal to the transmitted ultrasound signal.

[0108] The transmitter 1110 of the ultrasound transceiver
1100 supplies a driving signal to the probe 20, and the
receiver 1120 of the ultrasound transceiver 1100 processes
the echo signal received from the probe 20 to generate
ultrasound data.

[0109] For example, while a user is periodically applying
a force to a diagnosis part of the object 10 by using the probe
20, the probe 20 transmits an ultrasound signal to the object
10 and receives an echo signal reflected by the object 10 that
periodically repeats compression and release.

[0110] In this case, the ultrasound diagnosis apparatus
1000 processes the received echo signal to generates the
ultrasound image data.

[0111] The image processor 1200 may generate an ultra-
sound image by scan-converting the ultrasound image data
generated by the ultrasound transceiver 1100.

[0112] For example, the ultrasound image may be at least
one selected from a B mode image, a Doppler image, a
displacement image, and an elastography image, but exem-
plary embodiments are not limited thereto.

[0113] The image processor 1200 may also generate dis-
placement image data, based on the ultrasound image data
generated by the ultrasound transceiver 1100.

[0114] For example, an elasticity processor 1214 of FIG.
1 may generate displacement image data from the ultrasound
image data generated by the ultrasound transceiver 1100.
[0115] In this case, the displacement image data is data
related to displacement between a plurality of ultrasound
image frames F,(i) (where 1 is a natural number |1=i=N)
generated based on the ultrasound data, and may be gener-
ated based on displacement between two temporally adja-
cent ultrasound image frames. For example, displacement
between two adjacent ultrasound image frames may be
calculated by using a speckle tracking method using ultra-
sound image data, by using a method in which RF data or
demodulated voxel data uses auto-correlation and cross-
correlation, or by using a sum of absolute difference (SAD).
[0116] In this case, the image generator 1220 may gener-
ate a plurality of displacement image frames F (i) (where 1
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is a natural number |1=<isN-1), based on the displacement
image data generated by the elasticity processor 1214.
[0117] The image processor 1200 may also generate elas-
tography images, based on the displacement image frames.
[0118] For example, the elasticity processor 1214 may
generate displacement data, which is data related to a
displacement caused by a compression force applied to the
object 10, from the ultrasound data generated by the ultra-
sound transceiver 1100, and perform a differentiation opera-
tion on the displacement data in a direction in which the
compression force is applied to the object 10 to thereby
calculate a strain of the object 10. In this case, the image
generator 1220 may generate a plurality of elastography
image frames F (i) (where 1 is a natural number |1=i=sN-1)
based on the strain.

[0119] Thus, the ultrasound diagnosis apparatus 1000 may
generate the plurality of displacement image frames F (i)
(where i is a natural number |1=i=N-1) and the plurality of
elastography image frames F (i) (where i is a natural number
[1==N-1), based on the ultrasound image frames F,(i)
(where 1 is a natural number |1<i<N-1), which are tempo-
rally consecutively acquired.

[0120] For example, the plurality of displacement image
frames F (i) (where i is a natural number [1<i<N-1) may be
generated based on displacement between two temporally
adjacent ultrasound image frames, and the plurality of
elastography image frames F.(1) (where 1 is a natural number
I1=i=N-1) may be generated by differentiating the plurality
of displacement image frames F,(i) (where 1 is a natural
number |1<isN-1) in the direction in which a force is
applied.

[0121] The image processor 1200 may divide the gener-
ated plurality of elastography image frames into a plurality
of sections according to a predetermined criterion. For
example, the image processor 1200 may determine the
plurality of elastography image frames as a plurality of
frame sets according to a predetermined criterion. In this
case, a plurality of elastography image frames included in
one frame set may correspond to a plurality of elastography
image frames included in one section. In other words, the
plurality of sections according to an exemplary embodiment
corresponds to the plurality of frame sets. For example, N-1
elastography image frames F_(i) (where 1 is a natural number
I1=i<N-1) may be determined as K frame sets S(i) (where
11s a natural number, and 1=i=K) according to a predeter-
mined criterion. In this case, a plurality of consecutive
elastography image frames may be included in each frame
set. For example, K frame sets may be determined, like
S(1)={Fs(1), Fs(2), Fs(3), . . . , and Fs(m)} and S(2)={Fs
(m+1), Fs(m+2), Fs(m+3), . .. }, and the concept of the K
frame sets may correspond to that of the plurality of sections
according to an exemplary embodiment. Accordingly, a
plurality of elastography image frames included in one
frame set may be a plurality of elastography image frames
included in one section according to an exemplary embodi-
ment.

[0122] For example, a plurality of elastography image
frames may be divided into a plurality of sections, based on
a movement of an object. This will be described in greater
detail later with reference to FIGS. 7A and 7B.

[0123] The plurality of elastography image frames may be
divided into the plurality of sections, based on the prede-
termined number of fames. This will be described in greater
detail later with reference to FI1G. 7C.



US 2016/0331345 Al

[0124] The image processor 1200 may generate a repre-
sentative elastography image that represents each of the
plurality of sections, based on at least one elastography
image included in each section. In this case, the represen-
tative elastography images will be described in greater detail
later with reference to FIG. 9.

[0125] A memory according to an exemplary embodiment
may store an algorithm or program for processing and
controlling the controller 1700, or may store data that is
input to and/or output from the ultrasound diagnosis appa-
ratus 1000. For example, the memory may store medical
data related to diagnosis of an object, such as ultrasound data
and an ultrasound image.

[0126] The memory according to an exemplary embodi-
ment may store medical data related to the ultrasound image
data, the displacement image data, and data related to a
strain.

[0127] In this case, the data related to the strain may
include quality information related to a strain of an elastog-
raphy image. For example, the quality information is infor-
mation about a difference between strains of the elastogra-
phy image and other elastography image. The other
elastography image may include at least one selected from
an elastography image corresponding to a previous frame
and a reference elastography image set by a user. The quality
information may also include information about at least one
selected from the size of a mean strain of an elastography
images and a correlation coeflicient of the elastography
image.

[0128] The memory may include at least one type of
storage medium selected from a flash memory type, a hard
disk type, a multimedia card micro type, a card type memory
(for example, a secure digital (SD) or extreme digital (XD)
memory), a random access memory (RAM), a static random
access memory (SRAM), a read-only memory (ROM), an
electrically erasable programmable ROM (EEPROM), a
programmable ROM (PROM), magnetic memory, a mag-
netic disk, and an optical disk.

[0129] The programs stored in the memory may be clas-
sified into a plurality of modules according to their func-
tions, for example, a Ul module and a touch screen module.
[0130] The Ul module may provide a specialized UT, GUI,
or the like that interoperates with an electronic device.
Functions of the UI module would be instinctively under-
stood by one of ordinary skill in the art in view of their
names and thus detailed descriptions thereof will be omitted
herein.

[0131] For example, the ultrasound diagnosis apparatus
1000 according to an exemplary embodiment may provide a
UI for editing an elastography image that is to be displayed
on the display 1400.

[0132] Forexample, a user may select, via a Ul a real time
mode capable of displaying an ultrasound image on the
display 1400 in real time during ultrasound photography of
an object, or a review mode capable of displaying an
ultrasound image stored in the memory on the display 1400
after the ultrasound photography is completed.

[0133] The display 1400 according to an exemplary
embodiment may include at least one of a liquid crystal
display (LCD), a thin film transistor-liquid crystal display
(TFT-LCD), an organic light-emitting diode (OLED), a
flexible display, and a 3D display.

[0134] When the display 1400 forms a layer structure
together with a touch pad to construct a touch screen, the
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display 1400 may be used as an input interface as well as an
output device. The touch screen may be configured to detect
a touch pressure in addition to a touch input position and a
touched area. The touch screen may be configured to detect
a proximity touch as well as the real touch.

[0135] The display 1400 according to an exemplary
embodiment may display image data that may be input to
and/or output from the ultrasound diagnosis apparatus.
[0136] For example, the display 1400 according to an
exemplary embodiment may display the ultrasound image
generated by the image processer 1200.

[0137] Forexample, the ultrasound image includes at least
one selected from an ultrasound B mode image, an ultra-
sound M mode image, an ultrasound Doppler image, an
ultrasound displacement image, and an ultrasound elastog-
raphy image, but exemplary embodiments are not limited
thereto.

[0138] The display 1400 according to an exemplary
embodiment may output the plurality of elastography image
frames, which are sequentially generated.

[0139] The plurality of elastography image frames accord-
ing to an exemplary embodiment may be divided into the
plurality of sections, and the display 1400 according to an
exemplary embodiment may output only the representative
elastography image frame that represents each of the plu-
rality of sections.

[0140] In this case, the representative elastography image
that represents each section according to an exemplary
embodiment may be generated based on at least one elas-
tography image frame included in each section. For
example, the representative elastography image that repre-
sents each section is generated based on a plurality of
elastography image frames included in each section and
quality information corresponding to the elastography image
frames, and the display 1400 may provide a good-quality
elastography image to a user by outputting only a represen-
tative elastography image frame corresponding to good
quality information. This will be described in greater detail
later with reference to FIGS. 10-13.

[0141] Operations of the ultrasound diagnosis apparatus
1000 according to an exemplary embodiment are sequen-
tially described in detail.

[0142] FIG. 4 is a flowchart of a method of displaying a
representative elastography image, according to an exem-
plary embodiment.

[0143] In operation 100, the ultrasound transceiver 1000
transmits an ultrasound signal to an object, and receives a
response signal to the transmitted ultrasound signal to
thereby acquire ultrasound image data.

[0144] In operation 110, the ultrasound diagnosis appara-
tus 1000 acquires displacement image data, based on the
ultrasound image data acquired in operation 100.

[0145] For example, the displacement image data is data
related to displacement between a plurality of ultrasound
image frames F (i) (where i is a natural number |1=i=N)
generated based on the ultrasound image data, and may be
generated based on displacement between two temporally
adjacent ultrasound image frames.

[0146] In operation 120, the ultrasound diagnosis appara-
tus 1000 generates a plurality of elastography images, based
on the displacement image data acquired in operation 110.
[0147] For example, the ultrasound diagnosis apparatus
1000 may generate a plurality of displacement image frames
F (i) (where i is a natural number |1=isN-1), based on the



US 2016/0331345 Al

displacement image data. When the displacement image
data is differentiated in the direction in which compression
is applied to the object, a strain of the object may be
calculated. In this case, a plurality of elastography image
frames F (i) (where 1 is a natural number |1=i<N-1) may be
generated based on the strain.

[0148] In operation 130, the ultrasound diagnosis appara-
tus 1000 divides the plurality of elastography images gen-
erated in operation 120 into a plurality of sections according
to a predetermined criterion.

[0149] For example, N-1 elastography image frames F (i)
(where 1 is a natural number |1=i=N-1) may be determined
as K frame sets S(i) (where i is a natural number, and 1<i<K)
according to a predetermined criterion. In this case, a
plurality of consecutive elastography image frames may be
included in one frame set. For example, K frame sets may be
determined, like S(1)={F,(1), F,(2), F,(3), . . . , and F(m)}
and S(2)={F (m+1), F.(m+2), F,(m+3), . . . }, and the
concept of the K frame sets may correspond to that of the
plurality of sections according to an exemplary embodiment.
Accordingly, a plurality of elastography image frames
included in one frame set may be a plurality of elastography
image frames included in one section according to an
exemplary embodiment.

[0150] For example, the plurality of elastography image
frames may be divided into the plurality of sections (for
example, a compression section and a release section), based
on a movement of the object that is estimated based on the
displacement image data. The plurality of elastography
image frames may be divided into the plurality of sections,
based on the predetermined number of fames (e.g., 40
frames are determined for one section).

[0151] In operation 140, the ultrasound diagnosis appara-
tus 1000 generates a representative elastography image that
represents each of the plurality of sections obtained in
operation 130, based on at least one elastography image
included in each of the plurality of sections and quality
information of the at least one elastography image.

[0152] For example, the quality information of the elas-
tography image is related to a strain of the elastography
image, and may be information about a difference between
a strain of the elastography image and a strain of an
elastography image corresponding to a previous frame of the
elastography image. Alternatively, the quality information of
the elastography image may be information about a differ-
ence between a strain of the elastography image and a strain
of a reference elastography image set by a user.

[0153] The quality information of the elastography image
may include information about at least one selected from the
size of a mean strain of the elastography image and a
correlation coefficient of the elastography image.

[0154] For example, the representative elastography
image that represents each section may be an elastography
image having quality information that satisfies a predeter-
mined condition, among a plurality of elastography image
frames included in each section. The representative elastog-
raphy image that represents each section may be generated
by synthesizing at least one elastography image frame
included in each section.

[0155] In operation 150, the ultrasound diagnosis appara-
tus 1000 displays, on the display 1400, the representative
elastography image generated in operation 140.

[0156] For example, the display 1400 may display the
representative elastography image that represents each sec-

Nov. 17,2016

tion, in real time. The representative elastography image
may be displayed together with a real-time ultrasound
image.

[0157] For example, the real-time ultrasound image
includes at least one selected from an ultrasound B mode
image, an ultrasound M mode image, an ultrasound Doppler
image, an ultrasound displacement image, and an ultrasound
elastography image. but exemplary embodiments are not
limited thereto.

[0158] The representative elastography image that repre-
sents each section, according to an exemplary embodiment,
may be displayed together with the quality information
corresponding to the plurality of elastography images
included in each section.

[0159] Alternatively, the representative elastography
image that represents each section, according to an exem-
plary embodiment, may be displayed together with displace-
ment image data corresponding to the plurality of elastog-
raphy images included in each section.

[0160] FIG. 5A is a diagram illustrating an ultrasound
diagnosis apparatus comparing temporally adjacent ultra-
sound image frames F(i) and F(i+1) with each other and
calculating a displacement caused by a tissue deformation of
an object, according to an exemplary embodiment.

[0161] As shown in FIG. 5A, the ultrasound diagnosis
apparatus according to an exemplary embodiment may
calculate displacement occurring in a direction in which the
object is compressed by the probe 20, from data before the
object is compressed by the probe 20 and data after the
object is depressed by the probe 20.

[0162] The ultrasound diagnosis apparatus according to an
exemplary embodiment may calculate displacement
between two temporally-adjacent ultrasound image frames
by comparing ultrasound image data acquired before a user
slowly compresses tissue of the object 10 by using the probe
20 as shown in FIG. 2A with ultrasound image data acquired
after the user slowly compresses tissue of the object 10 with
a force as shown in FIG. 2B.

[0163] For example, displacement between two adjacent
ultrasound image frames may be calculated by using a
speckle tracking method using ultrasound image data, by
using a method in which RF data or demodulated voxel data
uses auto-correlation and cross-correlation, or by using an
SAD, but exemplary embodiments are not limited thereto.
[0164] For example, the precision of displacement calcu-
lation uses a resolution of no more than sub-pm, and
correlation for a data window of about 0.5 to 2 mm is
calculated to increase a signal-to-noise ratio (SNR). Because
the value of the obtained displacement is differentiated, the
displacement is sensitive to noise. Thus, when signal pro-
cessing for removing noise is performed, a finally obtained
strain image has a resolution of several mm.

[0165] For example, as shown in FIG. 5A, a displacement
calculation model for scan line data before the compression
is applied and a displacement calculation model for scan line
data after the compression is applied may be obtained. As
shown in FIG. 5A, compared with the data before the
compression is applied (ultrasound image frame F(i)), the
data after the compression is applied with a force (ultra-
sound image frame F(i+1)) has a shortened signal length.
[0166] For example, because a response signal starting
from the surface of a transducer has displacement of zero,
displacement may be calculated based on the response signal
starting from the surface of a transducer. After a data
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window for calculating correlation is determined and dis-
placement is calculated, displacement may be calculated
again while moving the data window in a depth direction of
the object. As the depth of the object increases, displacement
between a signal at the ultrasound image frame F(i) and a
signal at the ultrasound image frame F(i+1) increases. Thus,
the displacement is previously estimated, and the data win-
dow is moved to a location capable of calculating displace-
ment. In other words, because windows A and A' are close
to each other and windows B and B' are away from each
other, a data location of window B' is estimated and com-
pared with window B.

[0167] FIG. 5B is a graph illustrating displacement image
data that an ultrasound diagnosis apparatus acquires for each
of a plurality of temporally-consecutive frames, according to
an exemplary embodiment.

[0168] For example, based on displacement image data
related to displacement between two adjacent ultrasound
image frames among the plurality of ultrasound image
frames F,(1)={iis a natural number |1=i<N}, the plurality of
displacement image frames F,(i)={i is a natural number
I1<i<sN-1} may be generated. In this case, the plurality of
elastography image frames F (i)={i is a natural number
I1<i=sN-1} according to an exemplary embodiment may be
acquired by differentiating the plurality of displacement
image frames F,(i)={1 is a natural number |1<isN-1} in the
direction in which the compression has been applied to the
object.

[0169] In this case, as shown in FIG. 5B, the horizontal
axis represents the plurality of displacement image frames
F (i)={iis a natural number |1<isN-1}, and the vertical axis
represents displacement image data corresponding to each
displacement image frame.

[0170] Alternatively, the horizontal axis of FIG. 5B may
represent the plurality of elastography image frames F_(i)={i
is a natural number |1sisN-1} obtained by performing a
differentiation operation on the plurality of displacement
image frames in the direction of the compression force. In
this case, the plurality of elastography image frames of the
horizontal axis according to an exemplary embodiment may
be divided into a plurality of sections according to a prede-
termined criterion. This will now be described in detail with
reference to FIGS. 6 and 7C.

[0171] FIG. 6 is a graph illustrating an ultrasound diag-
nosis apparatus dividing a plurality of temporally consecu-
tive elastography image frames into a plurality of sections
according to a predetermined criterion, according to an
exemplary embodiment.

[0172] For example, the plurality of temporally consecu-
tive elastography image frames according to an exemplary
embodiment may be divided into first through sixth sections
according to a predetermined criterion, as shown in FIG. 6.
[0173] In this case, the plurality of sections according to
an exemplary embodiment corresponds to a plurality of
frame sets.

[0174] For example, as shown in FIG. 6, 210 elastography
image frames F (i) (where i is a natural number |1<i<210)
are determined as 6 frame sets S(i) (where i is a natural
number, and 1<i=6) according to a predetermined criterion.
In this case, a plurality of consecutive elastography image
frames may be included in one frame set.

[0175] For example, as shown in FIG. 6, 6 frame sets may
be determined, e.g., S(1)={Fs(1), F,(2), F,(3), . . ., F,(50)},
SR)={F,(51), .. ., F,92)}, S(3)={F,(93), . .., F,(120)},
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S(d)={F,(121),...,F (150)}, S(5)={F,(151), ..., [ ,(183)},
and S(6)={ F,(184), . . . , F(212)}, and the concept of the
6 frame sets may correspond to that of 6 sections according
to an exemplary embodiment. Accordingly, a plurality of
elastography image frames included in one frame set may be
a plurality of elastography image frames included in one
section according to an exemplary embodiment.

[0176] Inthis case, the predetermined criterion may be, for
example, information based on a movement of the object
that is estimated based on displacement image data. Alter-
natively, the predetermined criterion may be the predeter-
mined number of frames.

[0177] FIGS. 7A and 7B are graphs illustrating an ultra-
sound diagnosis apparatus dividing a plurality of elastogra-
phy image frames into a plurality of sections, based on a
movement of an object, according to an exemplary embodi-
ment.

[0178] As shown in FIGS. 7A and 7B, the plurality of
elastography image frames in the horizontal axis may be
divided into the plurality of sections, based on displacement
image data in the vertical axis.

[0179] For example, the plurality of elastography image
frames of the horizontal axis may be divided into first
through fifth sections as shown in FIG. 7A or first through
third sections as shown in FIG. 7B, based on maximum
displacements and inflection points of the displacement
image data of the vertical axis.

[0180] In this case, the displacement image data may be
generated based on displacement between two temporally
adjacent ultrasound image frames. The ultrasound diagnosis
apparatus 1000 according to an exemplary embodiment may
estimate a movement of the object corresponding to defor-
mation of tissue of the object, based on a plurality of
consecutive displacement image data.

[0181] For example, when compression occurs in the
object by applying a mechanical force (pressure) to tissue of
the object, as shown in FIG. 5A, the data after the compres-
sion has occurred with the force (ultrasound image frame
F(i+1)) has a shorter signal length than the data before the
compression occurs (ultrasound image frame F(i)). Thus,
displacement between two temporally adjacent ultrasound
image frames has a negative value.

[0182] On the other hand, when release occurs in the
compressed object by removing or weakening the mechani-
cal force (pressure) applied to the tissue of the object, data
after the release has occurred has a longer signal length than
data before the release occurs. Thus, a displacement between
two temporally adjacent ultrasound image frames has a
positive value.

[0183] Thus, as shown in FIGS. 7A and 7B, when dis-
placement image data when no force is applied to the object
is zero, displacement when the object is compressed has a
negative value. Thus, the value of the displacement image
data decreases from 0 to a negative value. On the other hand,
displacement when the object is released has a positive
value. Thus, as shown in FIGS. 7A and 7B, the value of the
displacement image data increases from a negative value to
0. In other words, the ultrasound diagnosis apparatus 1000
according to an exemplary embodiment may estimate a
movement of the object, based on the displacement image
data.

[0184] As shown in FIG. 7A, the plurality of elastography
image frames may be divided into the first through fifth
sections. For example, the plurality of elastography image
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frames may be divided into sections S(1)={FS@) Ii is a
natural number, ai<b}, S(2)={FS(i) Ii is a natural number,
b+lsisc}, SG3)={FS@) li is a natural number, c+1<i=d},
S(4)={FS(i) Ii is a natural number, d+1<i<e}, and S(5)={FS
(i) i is a natural number, e+1=i=f}.

[0185] In this case, as shown in FIG. 7A, values of
displacement image data in sections S(1), S(3), and S(5)
decrease from 0 to a negative number. Thus, the sections
S(1), S(3), and S(5) may be estimated as sections in which
compression occurs on the object. Values of displacement
image data in sections S(2) and S(4) increase from a
negative number to 0. Thus, the sections S(2) and S(4) may
be estimated as sections in which release occurs on the
object.

[0186] As shown in FIG. 7B, the plurality of elastography
image frames may be divided into first through third sec-
tions. For example, the plurality of elastography image
frames may be divided into sections S(1)={FS(@i) Ii is a
natural number, a<isb}, S(2)={FS({i) Ii is a natural number,
b+1sisc}, and S(3)={FS(i) li is a natural number, c+1si=d}.
[0187] In this case, the value of displacement image data
in each of the sections S(1), S(2), and S(3) decreases from
0 to a negative number and then increases from the negative
number back to 0. Thus, each of the sections S(1), S(2), and
S(3) includes a cycle in which a compression force is applied
to the object and then removed.

[0188] As shown in FIGS. 7A and 7B, the plurality of
elastography image frames according to an exemplary
embodiment may be divided into the plurality of sections,
according to the movement of the object that is estimated
based on the displacement image data.

[0189] FIG. 7C is a graph illustrating an ultrasound diag-
nosis apparatus dividing a plurality of elastography image
frames into a plurality of sections, based on the predeter-
mined number of frames, according to an exemplary
embodiment.

[0190] As shown in FIG. 7C, the plurality of elastography
image frames may be divided into the first through fifth
sections each including 40 elastography image frames.
[0191] As shown in FIG. 7C, the plurality of elastography
image frames may be divided into sections S(1)={F (i) Ii is
a natural number, and 1<i<40}, $(2)={F,(i) Ii is a natural
number, and 41=i<80}, S(3)={F (i) i is a natural number,
and 81=i<120}, S(4)={F,(i) li is a natural number, and
121=<160}, and S(5)={F.(i) li is a natural number, and
161=i=200}.

[0192] In this case, the number of elastography image
frames included in each section may be set by a user or set
by default.

[0193] FIG. 8 is a diagram illustrating an ultrasound
diagnosis apparatus selecting representative elastography
images that respectively represent a plurality of sections,
based on quality information corresponding to elastography
images, according to an exemplary embodiment.

[0194] The quality information according to an exemplary
embodiment includes information related to strains of the
elastography images.

[0195] For example, quality information is information
about a difference between strains of an elastography image
and another elastography image (strain difference). The
other elastography image may include at least one selected
from an elastography image corresponding to a previous
frame of the elastography image, and a reference elastog-
raphy image set by a user.
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[0196] In this case, when a strain difference between two
adjacent elastography image frames is low, this means that
consistency between the two adjacent elastography image
frames is high, and it may be determined that quality
information is high. Thus, the quality information according
to an exemplary embodiment may be determined based on
a strain difference, as shown in FIG. 8.

[0197] As shown in FIG. 8, a plurality of elastography
image frames may be divided into first through sixth sec-
tions according to a predetermined criterion. A description
of the predetermined criterion has been given above with
reference to FIGS. 7TA-7C, and thus will be omitted.
[0198] Theultrasound diagnosis apparatus 1000 according
to an exemplary embodiment may generate a representative
elastography image that represents each section, based on at
least one elastography image included in each section and
quality information corresponding to the at least one elas-
tography image.

[0199] For example, the representative elastography
image that represents each section may be an elastography
image having quality information that satisfies a predeter-
mined condition, among the at least one elastography image
frame included in each section.

[0200] For example, the predetermined condition may be
a condition of selecting, from the at least one elastography
image included in each section, an elastography image frame
in which a strain difference between two adjacent elastog-
raphy images is minimum.

[0201] In this case, the elastography image frame in which
a strain difference between two adjacent elastography
images is minimum in each section may be selected as the
representative elastography image that represents each sec-
tion.

[0202] Alternatively, an elastography image frame in
which a strain difference between the elastography image
frame and a reference elastography image set by a user is
minimum in each section may be selected as the represen-
tative elastography image that represents each section.
[0203] As shown in FIG. 8, an elastography image frame
F (a) having a minimum strain difference within the first
section may be selected as a representative elastography
image frame A, which represents the first section. Similarly,
a representative elastography image frame B (F (b)) of the
second section, a representative elastography image frame C
(F,(c)) of the third section, a representative elastography
image frame D (F,(d)) of the fourth section, a representative
elastography image frame E (F (e)) of the fifth section, and
a representative elastography image frame F (F (f)) of the
sixth section may be generated.

[0204] The quality information may include information
about at least one selected from the size of a mean strain of
an elastography images and a correlation coefficient of the
elastography image.

[0205] FIG. 9 is a diagram illustrating an ultrasound
diagnosis apparatus generating a representative elastography
image of a section by synthesizing at least one elastography
image included in the section, according to an exemplary
embodiment.

[0206] A representative elastography image that repre-
sents each section according to an exemplary embodiment
may be generated based on at least one elastography image
included in each section.

[0207] For example, the representative elastography
image may be generated by synthesizing all of the elastog-
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raphy image frames included in each section. The represen-
tative elastography image may also be generated by synthe-
sizing only elastography image frames having quality
information that satisfies a predetermined condition, among
a plurality of elastography image frames included in each
section.

[0208] As shown in FIG. 9, a plurality of elastography
image frames may be divided into first through sixth sec-
tions, and a representative elastography image frame A4 that
represents the first section may be generated by synthesizing
elastography image frame F (al), F (a2) and F (a3) or Al,
A2, and A3 included in the first section.

[0209] A method of synthesizing a plurality of elastogra-
phy image frames, according to an exemplary embodiment,
may be, for example, a moving average method or a
weighted average method based on quality information, but
exemplary embodiments are not limited thereto.

[0210] A user may select, via a Ul a real time mode
capable of displaying an ultrasound image on the display
1400 in real time during ultrasound photography of an
object, or a review mode capable of displaying an ultrasound
image stored in the memory on the display 1400 after the
ultrasound photography is completed.

[0211] FIGS. 10 and 11 are diagrams illustrating an ultra-
sound diagnosis apparatus displaying representative elastog-
raphy images together with a real-time ultrasound image,
according to an exemplary embodiment.

[0212] The display 1400 according to an exemplary
embodiment may display image data that may be input to
and/or output from the ultrasound diagnosis apparatus. For
example, the display 1400 according to an exemplary
embodiment may display the ultrasound image generated by
the image processer 1200.

[0213] Forexample, the ultrasound image includes at least
one selected from an ultrasound B mode image, an ultra-
sound M mode image, an ultrasound Doppler image, an
ultrasound displacement image, and an ultrasound elastog-
raphy image or strain image, but exemplary embodiments
are not limited thereto.

[0214] The display 1400 according to an exemplary
embodiment may output a plurality of elastography image
frames, which are sequentially generated. For example, the
display 1400 may display a plurality of temporally consecu-
tive elastography image frames in real time.

[0215] The plurality of elastography image frames accord-
ing to an exemplary embodiment may be divided into a
plurality of sections, and the display 1400 according to an
exemplary embodiment may output only a representative
elastography image frame that represents each of the plu-
rality of sections. For example, the display 1400 may display
the representative elastography image frame that represents
each section in real time.

[0216] When each of the plurality of sections according to
an exemplary embodiment ends, a currently-displayed rep-
resentative elastography image according to an exemplary
embodiment may be updated with a representative elastog-
raphy image of a most recently concluded section. For
example, when a second section ends after a first section
ends, a currently-displayed representative elastography
image frame of the first section may be updated with a
representative elastography image frame of the second sec-
tion. In this case, a plurality of representative elastography
images representing a plurality of already-concluded sec-
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tions may be displayed together with the updated represen-
tative elastography image in a chronological order.

[0217] The display 1400 according to an exemplary
embodiment may display a real-time ultrasound image and
representative elastography images together.

[0218] For example, the real-time ultrasound image may
include at least one selected from a real-time elastography
image as shown in FIG. 10 and a real-time B mode image
as shown in FIG. 11.

[0219] FIG. 12 is a diagram illustrating an ultrasound
diagnosis apparatus displaying quality information and a
representative elastography image, according to an exem-
plary embodiment.

[0220] The display 1400 according to an exemplary
embodiment may display quality information or a quality
index corresponding to a plurality of elastography image
frames.

[0221] Forexample, as shown in FIG. 12, the display 1400
may display both a representative elastography image or
strain image and strain differences corresponding to the
plurality of elastography image frames.

[0222] As shown in FIG. 12, while the display 1400 is
outputting a representative elastography image frame, the
display 1400 may also display an indicator (for exaniple, a
vertical bar) indicating that the displayed representative
elastography image is an elastography image frame Fs(61)
among the plurality of elastography image frames.

[0223] FIG. 13 is a diagram illustrating an ultrasound
diagnosis apparatus displaying displacement image data and
a representative elastography image together, according to
an exemplary embodiment.

[0224] As shown in FIG. 13, the display 1400 according to
an exemplary embodiment may display displacement image
data or motion information corresponding to a plurality of
elastography image frames

[0225] Forexample, as shown in FIG. 13, the display 1400
may display both a representative elastography image or
strain image and the displacement image data corresponding
to the plurality of elastography image frames. In this case,
motion information of an object (for example, compression
or release) generated based on the displacement image data
displayed on the display 1400 may also be displayed.
[0226] As shown in FIG. 13, while the display 1400 is
outputting a representative elastography image frame, the
display 1400 may also display an indicator (for example, a
vertical bar) indicating that the displayed representative
elastography image is an elastography image frame F(63)
among the plurality of elastography image frames.

[0227] As described above, the ultrasound diagnosis appa-
ratus 1000 according to an exemplary embodiment may
output, to the display 1400, only representative elastography
images having good quality information among a plurality
of elastography image frames that are acquired in real time.
The ultrasound diagnosis apparatus 1000 according to an
exemplary embodiment may also output at least one selected
from a representative elastography image, quality informa-
tion corresponding to the representative elastography image,
and motion information of an object.

[0228] In addition, the exemplary embodiments may also
be implemented through computer-readable code and/or
instructions on a medium, e.g., a computer-readable
medium, to control at least one processing element to
implement any above-described embodiments. The medium
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may correspond to any medium or media which may serve
as a storage and/or perform transmission of the computet-
readable code.

[0229] The computer-readable code may be recorded and/
or transferred on a medium in a variety of ways, and
examples of the medium include recording media, such as
magnetic storage media (e.g., ROM, floppy disks, hard
disks, etc.) and optical recording media (e.g., compact disc
read only memories (CD-ROMs) or digital versatile discs
(DVDs)), and transmission media such as Internet transmis-
sion media. Thus, the medium may have a structure suitable
for storing or carrying a signal or information, such as a
device carrying a bitstream according to one or more exem-
plary embodiments. The medium may also be on a distrib-
uted network, so that the computer-readable code is stored
and/or transferred on the medium and executed in a distrib-
uted fashion. Furthermore, the processing element may
include a processor or a computer processor, and the pro-
cessing element may be distributed and/or included in a
single device.

[0230] The foregoing exemplary embodiments are
examples and are not to be construed as limiting. The present
teaching can be readily applied to other types of apparatuses.
Also, the description of the exemplary embodiments is
intended to be illustrative, and not to limit the scope of the
claims, and many alternatives, modifications, and variations
will be apparent to those skilled in the art.

What is claimed is:

1. A method of displaying an elastography image, the
method comprising:

transmitting an ultrasound signal to an object;

receiving a response signal to the transmitted ultrasound

signal,

determining ultrasound image data based on the received

response signal;

determining displacement image data based on the deter-

mined ultrasound image data;

generating elastography images based on the determined

displacement image data;

dividing the elastography images into sections based on a

criterion;

determining a representative elastography image of each

of the sections based on one or more elastography
images in each of the sections and quality information
of the one or more elastography images, the quality
information being based on a strain of a first elastog-
raphy image among the one or more elastography
images; and

displaying the representative elastography image.

2. The method of claim 1. wherein the quality information
comprises a difference between the strain of the first elas-
tography image and a strain of a second elastography image
different from the first elastography image, the second
elastography image comprising at least one among a previ-
ous frame of the first elastography image and a reference
elastography image.

3. The method of claim 1, wherein the quality information
comprises at least one among a size of a mean strain of the
first elastography image and a correlation coefficient of the
first elastography image.

4. The method of claim 1, wherein the dividing comprises:

estimating a motion of the object based on the displace-

ment image data; and
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dividing the elastography images into the sections based

on the estimated motion.

5. The method of claim 1, wherein the dividing comprises
dividing the elastography images into the sections based on
a number of frames in each of the sections.

6. The method of claim 1, wherein the determining the
representative elastography image comprises selecting, as
the representative elastography image, an elastography
image having quality information satisfying a condition
from the one or more elastography images in each of the
sections.

7. The method of claim 1, wherein the determining the
representative elastography image comprises synthesizing
the one or more elastography images in each of the sections
to generate the representative elastography image.

8. The method of claim 1, wherein the displaying com-
prises displaying the representative elastography image
together with a real-time ultrasound image that is acquired
based on the determined ultrasound image data.

9. The method of claim 8, wherein the real-time ultra-
sound image comprises at least one among a real-time
elastography image and a real-time brightness mode image.

10. The method of claim 1, wherein the displaying com-
prises displaying a representative elastography image of a
most recently concluded section among the representative
elastography image of each of the sections.

11. The method of claim 1, wherein the displaying com-
prises displaying the representative elastography image of
each of the sections in a chronological order.

12. The method of claim 1, wherein the displaying com-
prises displaying the representative elastography image
together with quality information corresponding to each of
the elastography images.

13. The method of claim 1, wherein the displaying com-
prises displaying the representative elastography image
together with displacement image data corresponding to
each of the elastography images.

14. The method of claim 1, wherein the displacement
image data comprises a displacement between ultrasound
image data that is determined before a tissue of the object is
compressed by a probe and ultrasound image data that is
determined after the tissue of the object is compressed by the
probe.

15. A non-transitory computer-readable storage medium
storing a program comprising instructions to cause a com-
puter to perform the method of claim 1.

16. An ultrasound diagnosis apparatus comprising:

an ultrasound transceiver configured to:

transmit an ultrasound signal to an object;

receive a response signal to the transmitted ultrasound
signal; and

determine ultrasound image data based on the received
response signal;

an image processor configured to:

determine displacement image data based on the deter-
mined ultrasound image data;

generate elastography images based on the determined
displacement image data;

divide the elastography images into sections based on
a criterion; and

determine a representative elastography image of each
of the sections based on one or more elastography
images in each of the sections and quality informa-
tion of the one or more elastography images, the
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quality information being based on a strain of a first
elastography image among the one or more elastog-
raphy images; and

a display configured to display the representative elastog-

raphy image.

17. The ultrasound diagnosis apparatus of claim 16,
wherein the quality information comprises a difference
between the strain of the first elastography image and a
strain of a second elastography image different from the first
elastography image, the second elastography image com-
prising at least one among a previous frame of the first
elastography image and a reference elastography image.

18. The ultrasound diagnosis apparatus of claim 16,
wherein the quality information comprises at least one
among a size of a mean strain of the first elastography image
and a correlation coeflicient of the first elastography image.

19. The ultrasound diagnosis apparatus of claim 16,
wherein the image processor is further configured to:

estimate a motion of the object based on the displacement

image data; and

divide the elastography images into the sections based on

the estimated motion.

20. The ultrasound diagnosis apparatus of claim 16,
wherein the image processor is further configured to divide
the elastography images into the sections based on a number
of frames in each of the sections.

21. The ultrasound diagnosis apparatus of claim 16,
wherein the image processor is further configured to select,
as the representative elastography image, an elastography
image having quality information satisfying a condition
from the one or more elastography images in each of the
sections.

22. The ultrasound diagnosis apparatus of claim 16,
wherein the image processor is further configured to syn-
thesize the one or more elastography images in each of the
sections to generate the representative elastography image.

23. The ultrasound diagnosis apparatus of claim 16,
wherein the display is further configured to display the
representative image together with a real-time ultrasound
image that is acquired based on the determined ultrasound
image data.
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24. The ultrasound diagnosis apparatus of claim 23,
wherein the real-time ultrasound image comprises at least
one among a real-time elastography image and a real-time
brightness mode image.

25. The ultrasound diagnosis apparatus of claim 16,
wherein the display is further configured to display a rep-
resentative elastography image of a most recently concluded
section among the representative elastography image of each
of the sections.

26. The ultrasound diagnosis apparatus of claim 16,
wherein the display is further configured to display the
representative elastography image of each of the sections in
a chronological order.

27. The ultrasound diagnosis apparatus of claim 16,
wherein the display is further configured to display the
representative elastography image together with quality
information corresponding to each of the elastography
images.

28. The ultrasound diagnosis apparatus of claim 16,
wherein the display is further configured to display the
representative elastography image together with displace-
ment image data corresponding to each of the elastography
images.

29. The ultrasound diagnosis apparatus of claim 16,
wherein the displacement image data comprises a displace-
ment between ultrasound image data that is determined
before a tissue of the object is compressed by a probe and
ultrasound image data that is determined after the tissue of
the object is compressed by the probe.

30. An ultrasound diagnosis apparatus comprising:

an image processor configured to:

generate displacement images based on displacements
between ultrasound images;

generate elastography images based on differences of
strains between the displacement images;

divide the elastography images into sections; and

determine a representative elastography image of each
of the sections, the representative elastography
image having a lowest difference of strains among
one or more elastography images in each of the
sections; and

a display configured to display the representative elastog-

raphy image.
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