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ULTRASOUND SYSTEM FOR DISPLAYING
STIFFNESS OF BLOOD VESSEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0120538, filed on Aug. 26,
2015, in the Korean Intellectual Property Office, Korean
Patent Application No. 10-2015-0139998, filed on Oct. 5,
20153, in the Korean Intellectual Property Office, and U.S.
Patent Application No. 62/147,860, filed on Apr. 15, 2015,
in the United States Patent and Trademark Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1. Field

[0003] One or more exemplary embodiments relate to a
ultrasound system for displaying stiffness of a blood vessel,
and more particularly, to an ultrasound system which dis-
plays stiffness around a blood vessel by using a certain color
so that the stiffness of the blood vessel may be intuitively
recognized.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and receive echo signals reflected from the object,
thereby obtaining at least one image of an internal part of the
object (e.g., soft tissues or blood flow). In particular, ultra-
sound diagnosis apparatuses are used for medical purposes
including observation of the interior of an object, detection
of foreign substances, and diagnosis of damage to the object.
Such ultrasound diagnosis apparatuses provide high stabil-
ity, display images in real time, and are safe due to the lack
of radioactive exposure, compared to X-ray apparatuses.
Therefore, ultrasound diagnosis apparatuses are widely used
together with other image diagnosis apparatuses including a
computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, and the like.

SUMMARY

[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented exemplary embodiments.

[0007] According to one or more exemplary embodi-
ments, an ultrasound system includes a controller control-
ling generation of an ultrasound image showing a blood
vessel based on an ultrasound echo signal obtained from an
object including the blood vessel, and a display displaying
the ultrasound image, in which the controller determines a
first line and a second line spaced apart from each other with
an inner space of the blood vessel interposed therebetween
and indicating blood vessel walls in the ultrasound image
and determines a color based on information about a change
in an interval between the first line and the second line, and
the display displays a partial area of the ultrasound image
with the determined color.

[0008] The ultrasound system may further include a user
interface to input a region of interest, wherein the controller
determines the first line and the second line to be located in
the region of interest.

Oct. 20, 2016

[0009] The controller may determine information about a
change in an interval between the first line and the second
line by measuring the interval between the first line and the
second line for a first time, and the display may maintain the
partial area to be displayed with the determined color for a
second time.

[0010] Each of the first time and the second time may be
one electrocardiogram (ECG) cycle or longer.

[0011] The controller may determine stiffness of a blood
vessel based on a minimum interval and a maximum interval
between the first line and the second line for a first time, and
a difference between the minimum interval and the maxi-
mum interval, and select a color corresponding to a deter-
mined stiffness from a color map.

[0012] The controller may select a color located at a
position relatively close to one end of the color map when
the stiffness is relatively high, and a color located at a
position relatively close to the other end of the color map
when the stiffness is relatively low.

[0013] The information about a change in an interval
between the first line and the second line may be determined
based on information about a change in an interval between
a pair of points one of which is from among a plurality of
points included in the first line and the other of which is from
among a plurality of points included in the second line
corresponding to the plurality of points of the first line.
[0014] The interval between the first line and the second
line may be an average of intervals between pairs of points,
and the information about a change in the interval between
the first line and the second line may be information about
a change in the average.

[0015] The partial area may include a first area located
from the first line to outside of the blood vessel and a second
area located from the second line to the outside of the blood
vessel.

[0016] A size of the partial area may be determined based
on a difference between a position of the first line in a first
frame of the ultrasound image and a position of the first line
in a second frame of the ultrasound image.

[0017] The partial area may have a size determined based
on intervals between a plurality of points included in the first
line in a first frame of the ultrasound image and a plurality
of points included in the first line in a second frame of the
ultrasound image, and may be located from the first line to
outside of the blood vessel.

[0018] The first line may include a plurality of points
including a first point, and the display may display a
displacement line to indicate a direction and an amount
related to a difference between a position of the first point in
a first frame of the ultrasound image and a position of the
first point in a second frame of the ultrasound image.
[0019] According to one or more exemplary embodi-
ments, a method of displaying an ultrasound image includes
generating an ultrasound image showing a blood vessel
based on an ultrasound echo signal obtained from an object
including the blood vessel,

[0020] displaying the ultrasound image, determining a first
line and a second line spaced apart from each other with an
inner space of the blood vessel interposed therebetween and
indicating blood vessel walls in the ultrasound image, deter-
mining a color based on information about a change in an
interval between the first line and the second line, and
displaying a partial area of the ultrasound image with the
determined color.
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[0021] The method may further include receiving a user
input to input a region of interest, wherein the first line and
the second line are located in the region of interest.

[0022] The determining of a color may include determin-
ing information about a change in an interval between the
first line and the second line is determined by measuring the
interval between the first line and the second line for a first
time, and the displaying of the partial area with the deter-
mined color may include maintaining the partial area to be
displayed with the determined color for a second time.
[0023] Each of the first time and the second time may be
one electrocardiogram (ECG) cycle or longer.

[0024] The determining of a color may include determin-
ing stiffness of a blood vessel based on a minimum interval
and a maximum interval between the first line and the
second line for a first time, and a difference between the
minimum interval and the maximum interval, and selecting
a color corresponding to the determined stiffness from a
color map.

[0025] A color located at a position relatively close to one
end of the color map may be selected when the stiffness is
relatively high, and a color located at a position relatively
close to the other end of the color map may be selected when
the stiffness is relatively low.

[0026] The information about a change in an interval
between the first line and the second line may be determined
based on information about a change in an interval between
a pair of points one of which is from among a plurality of
points included in the first line and the other of which is from
among a plurality of points included in the second line
corresponding to the plurality of points of the first line.
[0027] The interval between the first line and the second
line may be an average of intervals between pairs of points,
and the information about a change in the interval between
the first line and the second line may be information about
a change in the average.

[0028] The partial area may include a first area located
from the first line to outside of the blood vessel and a second
area located from the second line to the outside of the blood
vessel.

[0029] A size of the partial area may be determined based
on a difference between a position of the first line in a first
frame of the ultrasound image and a position of the first line
in a second frame of the ultrasound image.

[0030] The partial area may have a size determined based
on intervals between a plurality of points included in the first
line in a first frame of the ultrasound image and a plurality
of points included in the first line in a second frame of the
ultrasound image, and may be located from the first line to
outside of the blood vessel.

[0031] The first line may include a plurality of points
including a first point, and the displaying of the partial area
with the determined color may include displaying a dis-
placement line to indicate a direction and an amount related
to a difference between a position of the first point in a first
frame of the ultrasound image and a position of the first
point in a second frame of the ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Exemplary embodiments of the invention now will
be described more fully hereinafter with reference to the
accompanying drawings, in which reference numerals
denote structural elements.
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[0033] FIG. 1 is a block diagram showing a configuration
of an ultrasound diagnosis apparatus according to an exem-
plary embodiment;

[0034] FIG. 2 is a block diagram showing a configuration
of a wireless probe according to an exemplary embodiment;
[0035] FIG. 3 is a block diagram showing a configuration
of an ultrasound system according to an exemplary embodi-
ment;

[0036] FIG. 4 is a flowchart of a method of displaying an
ultrasound image, according to an exemplary embodiment;
[0037] FIG. 5 illustrates a measurement direction to mea-
sure a displacement of a blood vessel, according to an
exemplary embodiment;

[0038] FIG. 6 illustrates a measurement of the displace-
ment and diameter of a blood vessel, according to an
exemplary embodiment; and

[0039] FIGS. 7A and 7B, FIG. 8, and FIG. 9 illustrate an
ultrasound image showing stiffness of a blood vessel or a
movement of a blood vessel, according to an exemplary
embodiment.

DETAILED DESCRIPTION

[0040] The terms used in this specification are those
general terms currently widely used in the art in consider-
ation of functions regarding the inventive concept, but the
terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in the
art. Also, some terms may be arbitrarily selected by the
applicant, and in this case, the meaning of the selected terms
will be described in detail in the detailed description of the
present specification. Thus, the terms used herein have to be
defined based on the meaning of the terms together with the
description throughout the specification.

[0041] Throughout the specification, it will also be under-
stood that when a component “includes™ an element, unless
there is another opposite description thereto, it should be
understood that the component does not exclude another
element and may further include another element. In addi-
tion, terms such as . . . unit”, “. . . module”, or the like refer
to units that perform at least one function or operation, and
the units may be implemented as hardware or software or as
a combination of hardware and software.

[0042] 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 is a material having a density,
an effective atomic number, and a volume that are approxi-
mately the same as those of an organism. For example, the
phantom may be a spherical phantom having properties
similar to a human body.

[0043] 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.

[0044] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings.

[0045] FIG. 1is a block diagram showing a configuration
of an ultrasound diagnosis apparatus 1000 according to an
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exemplary embodiment. Referring to FIG. 1, the ultrasound
diagnosis apparatus 1000 may include a probe 20, an ultra-
sound transceiver 1100, an image processor 1200, a com-
munication module 1300, a display 1400, a memory 1500,
an input device 1600, and a controller 1700, which may be
connected to one another via buses 1800.

[0046] 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 per-
sonal computer (PC).

[0047] 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. The probe 20 includes a plurality
of transducers, and the plurality of transducers oscillate in
response to electric signals and generate acoustic energy,
that is, ultrasound 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
exemplary embodiments, the ultrasound diagnosis apparatus
1000 may include a plurality of probes 20.

[0048] A transmitter 1110 supplies a driving signal to the
probe 20. The transmitter 110 includes a pulse generator
1112, a transmission delaying unit 1114, and a pulser 1116.
The pulse generator 1112 generates pulses for forming
transmission ultrasound waves based on a pulse repetition
frequency (PRF), and the transmission delaying unit 1114
delays the pulses by delay times necessary 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.

[0049] A receiver 1120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The
receiver 120 may include an amplifier 1122, an analog-to-
digital converter (ADC) 1124, a reception delaying unit
1126, and a summing unit 1128. The amplifier 1122 ampli-
fies echo signals in each channel, and the ADC 1124
performs analog-to-digital conversion with respect to the
amplified echo signals. The reception delaying unit 1126
delays digital echo signals output by the ADC 1124 by delay
times necessary for determining reception directionality, and
the summing unit 1128 generates ultrasound data by sum-
ming the echo signals processed by the reception delaying
unit 1126. In some 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.

[0050] The image processor 1200 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 1100. 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
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Doppler image showing a movement of tissue, or a spectral
Doppler image showing a moving velocity of an object as a
waveform.

[0051] 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 showing signal intensities as brightness
based on the extracted B mode components 1212.

[0052] Similarly, a Doppler processor 1214 may extract
Doppler components from ultrasound data, and the image
generator 1220 may generate a Doppler image showing a
movement of an object as colors or waveforms based on the
extracted Doppler components.

[0053] 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.

[0054] 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.
[0055] The communication module 1300 is connected to a
network 30 by wire or wirelessly to communicate with an
external device or a server. The communication module
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 module 1300
may perform data communication according to the digital
imaging and communications in medicine (DICOM) stan-
dard.

[0056] The communication module 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 module 1300 may receive
information about a diagnosis history or medical treatment
schedule of a patient from a server and utilize the received
information to diagnose the patient. Furthermore, the com-
munication module 1300 may perform data communication
not only with a server or a medical apparatus in a hospital,
but also with a portable terminal of a medical doctor or
patient.

[0057] The communication module 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 module 1300 may include one or
more components for communication with external devices.
For example, the communication module 1300 may include
a local area communication module 1310, a wired commu-
nication module 1320, and a mobile communication module
1330.

[0058] The local area communication module 1310 refers
to a module for local area communication within a distance.
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Examples of local area communication techniques accord-
ing to an exemplary embodiment may include, but are not
limited to, wireless LAN, Wi-Fi, Bluetooth, ZigBee, Wi-Fi
Direct (WFD), ultra wideband (UWB), infrared data asso-
ciation (IrDA), Bluetooth low energy (BLE), and near field
communication (NFC).

[0059] The wired communication module 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.

[0060] The mobile communication module 1330 transmits
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 mes-
sages.

[0061] 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.

[0062] The memory 1500 may be any of various storage
media, e.g., a flash memory, a hard disk drive, electrically
erasable programmable read-only memory (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.

[0063] The input device 1600 refers to a device via which
a user inputs data for controlling the ultrasound diagnosis
apparatus 1000. The input device 1600 may include hard-
ware 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 device
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 fingerprint recognition sensor,
an iris recognition sensor, a depth sensor, a distance sensor,
etc.

[0064] 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 module 1300, the display 1400, the
memory 1500, and the input device 1600 shown in FIG. 1.

[0065] All or some of the probe 20, the ultrasound trans-
ceiver 1100, the image processor 1200, the communication
module 1300, the display 1400, the memory 1500, the input
device 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 module 1300 may be included in the
control unit 1600; however, the inventive concept is not
limited thereto.

[0066] FIG. 2 is a block diagram showing a configuration
of a wireless probe 2000 according to an exemplary embodi-
ment. As described above with reference to FIG. 1, the
wireless probe 2000 may include a plurality of transducers,
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and, according to exemplary embodiments, may include
some or all of the components of the ultrasound transceiver
100 shown in FIG. 1.

[0067] The wireless probe 2000 according to the exem-
plary embodiment shown in FIG. 2 includes a transmitter
2100, a transducer 2200, and a receiver 2300. Since descrip-
tions thereof are given above with reference to FIG. 1,
detailed descriptions thereof will be omitted here. In addi-
tion, according to exemplary embodiments, the wireless
probe 2000 may selectively include a reception delaying unit
2330 and a summing unit 2340.

[0068] The wireless probe 2000 may transmit ultrasound
signals to the object 10, receive echo signals from the object
10, generate ultrasound data, and wirelessly transmit the
ultrasound data to the ultrasound diagnosis apparatus 1000
shown in FIG.

[0069] FIG. 3 is a block diagram showing a configuration
of an ultrasound system 300 according to an exemplary
embodiment. The ultrasound system 300 according to the
present exemplary embodiment may be included in the
ultrasound diagnosis apparatus 1000 of FIG. 1. A method of
displaying an ultrasound image, performed by the ultra-
sound system 300, may therefore be performed by the
ultrasound diagnosis apparatus 1000 of FIG. 1.

[0070] According to the present exemplary embodiment,
the ultrasound system 300 may include a controller 310 and
a display 320. In some exemplary embodiments, the ultra-
sound system 300 may further include a user interface 330.
The ultrasound system 300 may perform some or all of
functions performed by the ultrasound diagnosis apparatus
1000 of FIG. 1. For example, the display 320 of the
ultrasound system 300 may correspond to the display 1400
of FIG. 1, the controller 310 may include a part of the
structure or function of the image processor 1200 and the
controller 1700 of FIG. 1. In some exemplary embodiments,
the controller 310 may be separated into a plurality of
processors to perform the functions of the image processor
1200 and the controller 1700 of FIG. 1, or all functions of
the image processor 1200 and the controller 1700 of FIG. 1
may be performed by one processor.

[0071] The controller 310 generates an ultrasound image
showing a blood vessel based on an ultrasound echo signal
obtained from an object including the blood vessel. The
ultrasound echo signal may be received through an ultra-
sound transceiver (not shown) connected to the ultrasound
system 300 or may be read out from a memory (not shown)
of the ultrasound system 300. The blood vessel may be a
carotid artery and a blood vessel ultrasound image may be
a B ultrasound image, but the present disclosure is not
limited thereto. The controller 310 controls the display 320
to display a generated ultrasound image.

[0072] The ultrasound image generated by the controller
310 and displaying a blood vessel may be used to measure
a parameter related to a blood vessel. The parameter related
to a blood vessel may include at least one of the size, length,
and displacement of a blood vessel, the diameter of a blood
vessel, stiffness of a blood vessel, a relaxation ratio of a
blood vessel, and a movement velocity of a blood vessel
wall.

[0073] FIG. 4 is a flowchart of a method of displaying an
ultrasound image, according to an exemplary embodiment.
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[0074] In S410, the ultrasound system 300 generates an
ultrasound image showing a blood vessel based on an
ultrasound echo signal obtained from an object including the
blood vessel.

[0075] In S420, the ultrasound system 300 displays a
generated ultrasound image.

[0076] In S430, the ultrasound system 300 determines a
first line and a second line indicating blood vessel walls with
an inner space of the blood vessel interposed therebetween.
The first and second lines may be determined to indicate an
entire blood vessel wall displayed in the ultrasound image or
only a blood vessel wall located in a particular region of
interest (ROI). Also, the first and second lines may be
automatically determined as the ultrasound system 300
performs image processing on the ultrasound image or may
be a linear line or a curved line directly input by a user. In
some exemplary embodiments, the user may set only an ROI
through a user input and the ultrasound system 300 may
automatically determine the first and second lines in a set
ROL

[0077] In S440, the ultrasound system 300 determines a
particular color based on information about a change in an
interval between the first line and the second line.

[0078] In S450. the ultrasound system 300 displays a
partial area of an ultrasound image with a determined color.
[0079] Referring to FIG. 5, in some exemplary embodi-
ments, parameters related to a blood vessel may be measured
or determined in relation to a longitudinal direction (b), a
radial direction (a), and a circumferential direction (c) of a
blood vessel in a blood vessel ultrasound image. An ultra-
sound image showing a blood vessel may be measured or
determined by using a long axis view showing a blood vessel
in a longitudinal direction thereof or a short axis view
showing a blood vessel in a radial or circumferential direc-
tion thereof, and parameters related to a blood vessel may be
measured or determined by using the long axis view or the
short axis view.

[0080] Referring to FIG. 6, the controller 310 may deter-
mine a first line 611 (621) and a second line 612 (622)
indicating blood vessel walls in an ultrasound image dis-
playing the blood vessel in a long axis view. The first and
second lines 611 and 612 (621 and 622) indicating the blood
vessel walls may be automatically determined through
image processing in the ultrasound system 300 or may be
determined by a direct input of a user. According to an
exemplary embodiment, the ultrasound system 300 may
determine the first and second lines 611 and 612 (621 and
622) by receiving an input of a measurement area or an ROI
by a user through the user interface 330 and perform image
processing on a blood vessel wall located in the input
measurement area or ROIL. Alternatively, the first and second
lines 611 and 612 (621 and 622) may be received directly
from a user through the user interface 330. In addition,
although in the exemplary embodiment of FIG. 6 the first
and second lines 611 and 612 (621 and 622) are determined
to indicate a part of a blood vessel displayed in the ultra-
sound images (a) and (b), the first and second lines 611 and
612 (621 and 622) may be determined to indicate the entire
blood vessel displayed in the ultrasound images (a) and (b).
[0081] An image of a blood vessel displayed on the
display 320 changes dynamically according to a movement
of blood in the blood vessel. For example, the diameter of a
blood vessel when a pressure of blood passing through the
blood vessel is relatively high is generally larger than the
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diameter of a blood vessel when a pressure of blood passing
through a blood vessel is relatively low. As seen from the
ultrasound images, the diameter of a blood vessel displayed
in the ultrasound image (b) of FIG. 6 is larger than the
diameter of a blood vessel displayed in the ultrasound image
().

[0082] The diameter of a blood vessel may be determined
using various methods. For example, the ultrasound system
300 may determine an interval between the first and second
lines 611 and 612 in FIG. 6 to be the diameter of a blood
vessel. According to an exemplary embodiment, the ultra-
sound system 300 may determine a distance between a
particular point included in the first line 611 and a particular
point included in the second line 612 at a particular frame of
an ultrasound image, to be a distance between the first and
second lines 611 and 612. According to another exemplary
embodiment, among points on the first line 611 and points
on the second line 612 corresponding to the points on the
first line 611, intervals between pairs of points are measured
and an average of the measured intervals is calculated. A
calculated average value may be determined to be the
interval between the first and second lines 611 and 612. In
this regard, some or all points included in the first line 611
and some or all points included in the second line 612 may
match each other one-to-one. In some exemplary embodi-
ments, the first and second lines 611 and 612 may include the
same number of points. However, in some exemplary
embodiments, the first and second lines 611 and 612 may
further include points other than the matching points.
[0083] Alternatively, when the diameter of a blood vessel
changes according to a movement of blood passing through
the blood vessel, a degree of change in the diameter of a
blood vessel may vary according to the state of the blood
vessel. For example, an unhealthy blood vessel may have
higher stiffness than a healthy blood vessel. Having higher
stiffness may signify being harder or having lower flexibil-
ity. In this case, a degree of change in the diameter of a blood
vessel having relatively high stiffness may be lower than a
degree of change in the diameter of a blood vessel having
relatively low stiffness. For example, when the ultrasound
image (a) of FIG. 6 is an image when a blood vessel
contracts at its maximum, and the ultrasound image (b) of
FIG. 6 is an image when a blood vessel is relaxed at its
maximum, as stiffness of a blood vessel increases, a differ-
ence in the diameter between the ultrasound image (a) and
the ultrasound image (b) may relatively decrease.

[0084] Accordingly, a user may determine a degree of
stiffness of a blood vessel by directly identifving a degree of
change in the diameter of a blood vessel. However, the
above-described method of determining stiffness by directly
identifying a degree of change in the diameter of a blood
vessel may have low accuracy and may be inconvenient.
[0085] FIGS. 7A and 7B illustrate ultrasound images
which may facilitate identification of stiffness of a blood
vessel, according to an exemplary embodiment.

[0086] An ultrasound image (a) and an ultrasound image
(b) of FIG. 7A are respectively a first frame (a) and a second
frame (b) of an ultrasound image including a blood vessel.
For convenience of explanation, an appropriate blood vessel
is referred to as a target blood vessel. The second frame (b)
may be a frame that is displayed just next to the first frame
(a) or a frame that is displayed after a few frames.

[0087] The ultrasound system 300 determines a first line
711 and a second line 712 located with an inner space of the
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target blood vessel interposed therebetween at a first frame
(a) of an ultrasound image, and displays the first and second
lines 711 and 712 on the display 320 with the first frame (a).
In this connection, an interval between the first and second
lines 711 and 712 varies according to a flow of blood in the
blood vessel. For convenience of explanation, the interval
between the first and second lines 711 and 712 may be
referred to as a diameter of interest of the target blood vessel.
The diameter of interest may be determined using various
methods as described above with reference to FIG. 6. In
general, when a pressure of blood passing through a blood
vessel periodically changes according to a heart beat, a
diameter of interest of the target blood vessel may repeatedly
increase or decrease.

[0088] The ultrasound system 300 measures an interval
between the first and second lines 711 and 712 at a first
frame, obtains information about a change in the interval
between the first and second lines 711 and 712, and deter-
mines stiffness of a blood vessel based on the information.
According to an exemplary embodiment, the ultrasound
system 300 measures a minimum interval and a maximum
interval between the first and second lines 711 and 712 for
a time, and determines a ratio of a difference between the
maximum interval and the minimum interval with respect to
the minimum interval. For convenience of explanation, the
ratio is referred to as a relaxation ratio. The time may be one
ECG cycle or longer.

[0089] For example, it is assumed that the first frame (a)
of an ultrasound image for a time is a frame when the
diameter of interest is at a minimum, for example, 5 mm, and
that the first frame (b) of an ultrasound image for a time is
a frame when the diameter of interest is at a maximum, for
example, 5.4 mm. The ultrasound system 300 may deter-
mine that a relaxation rate is 8% according to the following
equation.

Relaxation Rate=(5.4-5.0)/5.0=8%

[0090] However, the relaxation rate may be determined
using various methods in addition to the above equation. The
ultrasound system 300 may employ any method so long as
a high relaxation rate is determined when stiffness of a blood
vessel 1s low and flexibility is high so that relaxation occurs
easily.

[0091] It may be said that the higher the relaxation rate,
the lower the stiffness, and the lower the relaxation rate, the
higher the stiffness. The stiffness may be defined by one of
various methods using a relaxation rate or directly using a
change value of a diameter. For example, the stiffness may
be defined as follows.

Stiffness=100%~—Relaxation Rate

[0092] When the stiffness is defined as above, stiffness in
the above example is 92%.

[0093] In some exemplary embodiments, the ultrasound
system 300 may determine an appropriate color from a color
map (c) of FIG. 7A based on a determined stiffness or
relaxation rate. Determining a color from the color map (c)
based on a determined stiffness may be essentially the same
as determining a color from the color map (c) based on a
determined relaxation rate. For example, when a color
corresponding to a relaxation rate of 10% is located at one
end in a lower side of the color map (c) and a color
corresponding to a relaxation rate of 5% is located at the
opposite end in the color map (c), in the above example, the
ultrasound system 300 may select a color 731 corresponding
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to a relaxation rate of 8% located somewhere between the
opposite ends of the color map (c).

[0094] Next, the ultrasound system 300 displays a partial
area, for example, areas 713 and 714, of an ultrasound image
with a determined color. The determined color may be
displayed to be partially transparent so as to overlap with the
partial areas of an ultrasound image.

[0095] InFIG. 7B, a first frame (d) of an ultrasound image
and a second frame (e) of an ultrasound image show a blood
vessel having high stiffness compared to the exemplary
embodiment of FIG. 7A. For example, in the blood vessel of
FIG. 7B, it is assumed that the first frame (d) is a frame when
a diameter of interest is the minimum, for example, 5 mm,
and that the second frame (e) is a frame when a diameter of
interest is the maximum, for example, 5.3 mm. When using
the above-described equation, the ultrasound system 300
may determine that a relaxation rate is 6% and stiffness is
94%.

Relaxation Rate=(5.3-5.0)/5.0=6%

Stiffness=100%-Relaxation Rate

[0096] In this case, the ultrasound system 300 may deter-
mine a color corresponding to the determined relaxation rate
or stiffness of FIG. 7B, from a color map (f). For example,
when a color corresponding to a relaxation rate of 10% is
located at one end in a lower side of the color map (f) and
a color corresponding to a relaxation rate of 5% is located at
the opposite end in the color map (f), in the above example,
the ultrasound system 300 may select a color 781 corre-
sponding to a relaxation rate of 6% located somewhere
between the opposite ends of the color map (D).

[0097] Accordingly, in the case of FIGS. 7A and 7B, a user
may intuitively recognize how high stiffness or a relaxation
rate of a target blood vessel is through a color displayed in
a partial area around the blood vessel. For user convenience,
as in the cases in FIGS. 7A and 7B, the color maps (¢) and
(f) may be displayed with the ultrasound images (a), (b), (d),
and (e).

[0098] In some exemplary embodiments, the ultrasound
system 300 may maintain an appropriate partial area to be
displayed with a determined color for a time. The time may
be one ECG cycle or longer. As the user recognizes the color
that is maintained to be displayed in the appropriate area for
the time, stiffness of a target blood vessel may be easily
determined compared to a case in which the appropriate
color is continuously changed.

[0099] In some exemplary embodiments, the partial area
displayed with the determined color may include at least one
of a firstarea corresponding to the first line and a second area
corresponding to the second line in an ultrasound image. The
first area may be displayed above the first line. For example,
when the first frame (a) of the ultrasound image in FIG. 7A
is referred to, the first area may be the area 713 including an
area from the first line 711 to a position separated a distance
from the first line 711 to outside of the blood vessel. In a
similar method, the second area may be the area 714
including an area from the second line 712 to a position
separated a distance from the second line 712 to the outside
of the blood vessel.

[0100] Alternatively, when the ultrasound image is
changed according to a movement of a blood vessel, that is,
the positions of the first and second lines indicating blood
vessel walls are changed, the first and second areas may be
changed corresponding to the change of the positions of the
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first and second lines. For example, in the first frame (a) of
the ultrasound image, the first area 713 may be displayed in
an area starting from the position of the first line 711 in a
state in which the blood vessel is contracted, whereas in the
second frame (b) of the ultrasound image, a first area 723
may be displayed in an area starting from the position of the
first line 721 in a state in which the blood vessel is relaxed.
[0101] Also, the ultrasound system 300 may determine the
size of the first area based on a displacement of the first line.
In other words, when the displacement of the first line is
relatively large, the size of the first area may be determined
to be relatively large. For example, in FIG. 7A, the ultra-
sound system 300 may determine the size of the first area of
the second frame (b) such that the size of the first area is
proportional to a displacement between the first line of the
first frame (a) and the first line of the second frame (b) of the
ultrasound image. Comparing the case of FIG. 7A and the
case of FIG. 7B, the displacement of the first line in the case
of FIG. 7A is larger than the displacement in the case of FIG.
7B. Accordingly, the size of the first area 723 in the second
frame (b) of FIG. 7A is larger than the size of a first area 773
in the second frame (e) of FI1G. 7B.

[0102] In some exemplary embodiments, in the measure-
ment of the displacement of the first line, the ultrasound
system 300 may determine the displacement of the first line
by comparing the position of the first line in a frame when
the diameter of a target blood vessel is the minimum and the
position of the first line in a frame when the diameter of a
target blood vessel 1s the maximum. The ultrasound system
300 may determine the size of the first area according to the
determined displacement of the first line.

[0103] In another exemplary embodiment, in the determi-
nation of the size of the first area displayed on a current
frame of an ultrasound image, the ultrasound system 300
may compare the position of the first line in the current
frame and the position of the first line in a previous frame
and determine the size of the first area according to a
displacement as a result of the comparison. In this case, the
size of the first area is dynamically changed according to a
movement of a blood vessel wall in the ultrasound image. In
particular, when stiffness of a target blood vessel is low, a
degree or velocity of a dynamic change in the size of the first
area is further increased. The user may recognize that
stiffness of a target blood vessel is relatively low or a
relaxation rate is relatively high, through a visual effect
showing that the degree or velocity of a dynamic change in
the size of the first area is relatively large.

[0104] In another exemplary embodiment, in the determi-
nation of the size of the first area displayed in a current frame
of an ultrasound image, the ultrasound system 300 may
determine the size of the first area based on a displacement
of a plurality of points included in the first line. For
convenience of explanation, appropriate points are referred
to as a plurality of tracking points. In other words, when a
displacement of a particular tracking point included in the
first line is relatively large, a portion of the first area
corresponding to the particular tracking point may be deter-
mined to be located far from the particular tracking point.
For example, assuming that, in FIG. 7A, tracking points 715
and 725 and tracking points 716 and 726 are included in the
first line, and that the first frame and the second frame are
compared with each other, if a displacement between the
tracking points 716 and 726 is larger than a displacement
between the tracking points 715 and 725, the sizes of the first
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areas 713 and 723 may be determined such that a portion
corresponding to the tracking points 716 and 726 is located
farther from the first line than a portion corresponding to the
tracking points 715 and 725.

[0105] FIG. 8illustrates an ultrasound image displaying a
movement of a blood vessel wall, according to an exemplary
embodiment.

[0106] In FIG. 8, when comparing a first frame (a) and a
second frame (b) of an ultrasound image, in the first frame
(), four tracking points 813, 814, 815, and 816 included in
the first line are moved to four other points 823, 824, 825,
and 826 in the second frame (b). The first line in the first
frame (a) may include more tracking points in addition to the
four tracking points 813, 814, 815, and 816. The ultrasound
system 300 may display a direction and an amount of a
changed position of each point in the second frame (b) by
using a particular point or line. For example, displacement
lines 833, 834, 835, and 836 are respectively displayed with
respect to the points 823, 824, 825, and 826 on the second
line. The displacement line denotes changed distance and
direction when the points 823, 824, 825, and 826 are
compared with the tracking points in the first frame. When
the displacement line is displayed to be relatively long, it
signifies that a changed distance is relatively large.

[0107] In some exemplary embodiments, considering that
a changed amount of the position of a tracking point is
relatively small, an amount of a change in the position of a
tracking point is enlarged several times and an enlarged
displacement line is displayed in an appropriate direction
and thus the user may easily recognize the direction and
amount of the displacement of the tracking point.

[0108] Also, in some exemplary embodiments, the dis-
placement of FIG. 8 may be displayed together with the
partial areas, for example, the first area and the second area,
of FIGS. 7A and 7B.

[0109] FIG. 9 illustrates an image displaying a displace-
ment graph of a blood vessel with a movement of a wall of
the blood vessel, according to an exemplary embodiment.
[0110] A dotted graph, that is, an average line, of graphs
shown in a lower end of the image of FIG. 9 indicates an
average of intervals between a plurality of points included in
the first line and the second line set in a blood vessel
ultrasound image in an upper portion of the image, accord-
ing to a passage of time. For convenience of explanation, the
average of the intervals between the points included in the
first line and the second line may be referred to as a diameter
of a target blood vessel. Since a process of determining the
average of the intervals between the points corresponding to
each other and included in the first line and the second line
has already been described in relation to FIG. 6, a descrip-
tion of the method is omitted here.

[0111] In the dotted graph, when a displacement value at
a start point is 0, that is, a diameter at the point is a reference
diameter value, if the displacement value changes in a
positive (+) direction, it signifies that the target blood vessel
contracts and thus the diameter of the target blood vessel
becomes smaller than the reference diameter value. In
contrast, when the displacement value changes in a negative
(-) direction, it signifies that the target blood vessel expands
and thus the diameter of the target blood vessel becomes
larger than the reference diameter value. In detail, the
minimum diameter of the target blood vessel is smaller than
the reference diameter value by about 0.05 mm and the
maximum diameter is larger than the reference diameter
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value by about 0.25 mm. Accordingly, a difference between
the minimum diameter of the target blood vessel and the
maximum diameter of the target blood vessel may be about
0.3 mm.

[0112] The ultrasound system 300 may determine a color
displayed in an area corresponding to the first and second
lines of the target blood vessel, by using the above obtained
difference between the minimum diameter and the maxi-
mum diameter. In detail, the ultrasound system 300 may
determine a ratio of the difference between the minimum
diameter and the maximum diameter with respect to the
reference diameter value of the target blood vessel, and
determine a particular color from a color map according to
the determined ratio.

[0113] The ultrasound system and the method of display-
ing an ultrasound image according to the exemplary embodi-
ments can also be embodied as computer-readable codes on
a non-transitory computer-readable recording medium. The
non-transitory computer-readable recording medium is any
data storage device that can store data which can thereafter
be read by a computer system. Examples of the non-
transitory computer-readable recording medium include
read-only memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, optical data stor-
age devices, etc. The non-transitory computer-readable
recording medium can also be distributed over network
coupled computer systems so that the computer-readable
code is stored and executed in a distributive manner.
[0114] Tt should be understood that 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 exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
[0115] While one or more exemplary embodiments have
been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope as defined by the
following claims.

What is claimed is:

1. An ultrasound system comprising:

a controller controlling generation of an ultrasound image
showing a blood vessel based on an ultrasound echo
signal obtained from an object including the blood
vessel; and

a display displaying the ultrasound image,

wherein the controller determines a first line and a second
line spaced apart from each other with an inner space
of the blood vessel interposed therebetween and indi-
cating blood vessel walls in the ultrasound image and
determines a color based on information about a change
in an interval between the first line and the second line,
and

wherein the display displays a partial area of the ultra-
sound image with the determined color.

2. The ultrasound system of claim 1, further comprising a
user interface to input a region of interest, wherein the
controller determines the first line and the second line to be
located in the region of interest.

3. The ultrasound system of claim 1, wherein the con-
troller determines information about a change in an interval
between the first line and the second line by measuring the
interval between the first line and the second line for a first
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time, and the display maintains the partial area to be
displayed with the determined color for a second time.

4. The ultrasound system of claim 3, wherein each of the
first time and the second time is one electrocardiogram
(ECG) cycle or longer.

5. The ultrasound system of claim 1, wherein the con-
troller determines stiffness of a blood vessel based on a
minimum interval and a maximum interval between the first
line and the second line for a first time, and a difference
between the minimum interval and the maximum interval,
and selects a color corresponding to a determined stiffniess
from a color map.

6. The ultrasound system of claim 5, wherein the con-
troller selects a color located at a position relatively close to
one end of the color map when the stiffness is relatively
high, and a color located at a position relatively close to the
other end of the color map when the stiffness is relatively
low.

7. The ultrasound system of claim 1, wherein the infor-
mation about a change in an interval between the first line
and the second line is determined based on information
about a change in an interval between a pair of points one of
which is from among a plurality of points included in the
first line and the other of which is from among a plurality of
points included in the second line corresponding to the
plurality of points of the first line.

8. The ultrasound system of claim 7, wherein the interval
between the first line and the second line is an average of
intervals between pairs of points, and the information about
a change in the interval between the first line and the second
line is information about a change in the average.

9. The ultrasound system of claim 1, wherein the partial
area comprises a first area located from the first line to
outside of the blood vessel and a second area located from
the second line to the outside of the blood vessel.

10. The ultrasound system of claim 1, wherein a size of
the partial area is determined based on a difference between
a position of the first line in a first frame of the ultrasound
image and a position of the first line in a second frame of the
ultrasound image.

11. The ultrasound system of claim 1, wherein the partial
area has a size determined based on intervals between a
plurality of points included in the first line in a first frame of
the ultrasound image and a plurality of points included in the
first line in a second frame of the ultrasound image, and is
located from the first line to outside of the blood vessel.

12. The ultrasound system of claim 1, wherein the first
line comprises a plurality of points including a first point,
and the display displays a displacement line to indicate a
direction and an amount related to a difference between a
position of the first point in a first frame of the ultrasound
image and a position of the first point in a second frame of
the ultrasound image.

13. A method of displaying an ultrasound image, the
method comprising:

generating an ultrasound image showing a blood vessel

based on an ultrasound echo signal obtained from an
object including the blood vessel;

displaying the ultrasound image;

determining a first line and a second line spaced apart

from each other with an inner space of the blood vessel
interposed therebetween and indicating blood vessel
walls in the ultrasound image;
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determining a color based on information about a change
in an interval between the first line and the second line;
and

displaying a partial area of the ultrasound image with the

determined color.

14. The method of claim 13, further comprising receiving
auser input to input a region of interest, wherein the first line
and the second line are located in the region of interest.

15. The method of claim 13, wherein the determining of
acolor comprises determining information about a change in
an interval between the first line and the second line is
determined by measuring the interval between the first line
and the second line for a first time, and

the displaying of the partial area with the determined

color comprises maintaining the partial area to be
displayed with the determined color for a second time.

16. The method of claim 15, wherein each of the first time
and the second time is one electrocardiogram (ECG) cycle
or longer.

17. The method of claim 13, wherein the determining of
a color comprises:

determining stiffness of a blood vessel based on a mini-

mum interval and a maximum interval between the first
line and the second line for a first time, and a difference
between the minimum interval and the maximum inter-
val; and

selecting a color corresponding to the determined stiffness

from a color map.

18. The method of claim 17, wherein a color located at a
position relatively close to one end of the color map is
selected when the stiffness is relatively high, and a color
located at a position relatively close to the other end of the
color map is selected when the stiffness is relatively low.

19. The method of claim 13, wherein the information
about a change in an interval between the first line and the
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second line is determined based on information about a
change in an interval between a pair of points one of which
is from among a plurality of points included in the first line
and the other of which is from among a plurality of points
included in the second line corresponding to the plurality of
points of the first line.

20. The method of claim 19, wherein the interval between
the first line and the second line is an average of intervals
between pairs of points, and the information about a change
in the interval between the first line and the second line is
information about a change in the average.

21. The method of claim 13, wherein the partial area
comprises a first area located from the first line to outside of
the blood vessel and a second area located from the second
line to the outside of the blood vessel.

22. The method of claim 13, wherein a size of the partial
area is determined based on a difference between a position
of the first line in a first frame of the ultrasound image and
a position of the first line in a second frame of the ultrasound
image.

23. The method of claim 13, wherein the partial area has
a size determined based on intervals between a plurality of
points included in the first line in a first frame of the
ultrasound image and a plurality of points included in the
first line in a second frame of the ultrasound image, and is
located from the first line to outside of the blood vessel.

24. The method of claim 13, wherein the first line com-
prises a plurality of points including a first point, and the
displaying of the partial area with the determined color
comprises displaying a displacement line to indicate a
direction and an amount related to a difference between a
position of the first point in a first frame of the ultrasound
image and a position of the first point in a second frame of
the ultrasound image.
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