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APPARATUS AND METHOD OF DISPLAYING
ULTRASOUND IMAGE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2012-0047125, filed on May 3, 2012, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to apparatuses and methods
of displaying ultrasound images, and more particularly, to an
apparatus and method of displaying a synchronization image
of a tissue of an object.

2. Description of the Related Art

Ultrasonic devices are essential equipment for observing
an internal structure of an organism. An ultrasonic device,
which is a non-invasive inspection device, shows structural
details, internal tissues, and flow of fluids in a body.

Inside the body. an object which periodically moves, such
as the heart, exists and motions of tissues of the object have to
be synchronized with each other. To determine whether the
motions of the tissues of the object have been synchronized,
asynchronization image produced by the ultrasonic device is
mainly used.

A synchronization image is an image regarding motions of
an object, and by observing the synchronization image, a
tissue which is not synchronized with other tissues of the
object may be discovered.

SUMMARY OF THE INVENTION

The present invention provides an apparatus and method of
displaying ultrasound images, in which exact motion infor-
mation of tissues of an object is obtained.

The present invention also provides an apparatus and
method of displaying ultrasound images, which provide a
synchronization image by which an inspector may intuitively
determine whether the tissues of the object have been syn-
chronized.

According to an aspect of the present invention, there is
provided a method of displaying an ultrasound image, the
method including: transmitting an ultrasonic signal to an
object and obtaining vector Doppler data of a tissue included
in the object based on a response signal that is reflected from
the object; extracting a velocity magnitude of the tissue from
the vector Doppler data of the tissue; and displaying a map-
ping result obtained by mapping the velocity magnitude of the
tissue to a color scale.

The displaying the mapping result obtained by mapping
the velocity magnitude of the tissue to the color scale may
include implementing a synchronization image, which indi-
cates whether a motion of the tissue has been synchronized,
by mapping the velocity magnitude of the tissue to the color
scale.

The displaying the mapping result obtained by mapping
the velocity magnitude of the tissue to the color scale may
include displaying a mapping result obtained by mapping the
velocity magnitude of the tissue to a brightness scale or a
chroma scale between a first color and a second color.

The extracting the velocity magnitude of the tissue may
include extracting a velocity magnitude of the tissue in a
direction selected by a user.
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The displaying the mapping result obtained by mapping
the velocity magnitude of the tissue to the color scale may
include: extracting a velocity direction of the tissue from the
vector Doppler data; and mapping the velocity magnitude of
the tissue to a first color if the velocity direction includes a
first directional component, and mapping the velocity mag-
nitude of the tissue to a second color if the velocity direction
of the tissue includes a second directional component that is
opposite to the first directional component.

The firstdirectional component may include a direction for
when the object expands, and the second directional compo-
nent may include a direction for when the object contracts.

The method may further include: selecting at least one
position on the tissue based on an input of a user; and dis-
playing a velocity magnitude of the at least one position with
respect to time as a first graph.

The method may further include displaying the synchroni-
zation image on a first area of a display unit of an ultrasound
apparatus and displaying the first graph on a second area of
the display unit, which is different from the first area.

The method may further include: obtaining a first reference
point, which is located inside the object, and a second refer-
ence point and at least one point that are located on the tissue
of the object; and displaying a color, which is mapped to a
velocity magnitude of the at least one point, as a second graph
according to an angle between a first straight line, which
connects the first reference point and the second reference
point, and a second straight line, which connects the first
reference point and the at least one point, and time.

The method may further include displaying the synchroni-
zation image on a first area of a display unit of an ultrasound
apparatus and displaying the second graph on a third area of
the display unit, which is different from the first area.

The synchronization image may include a three dimen-
sional image of the heart.

The implementing the synchronization image may
include: extracting a velocity direction of a first tissue
included in an upper portion of the heart and a velocity direc-
tion of a second tissue included in a lower portion of the heart,
based on a twist axis of the heart; and mapping a velocity
magnitude of the first tissue to a first color if the velocity
direction of the first tissue includes a first directional compo-
nent, and mapping a velocity magnitude of the second tissue
to a second color if the velocity direction of the second tissue
may include a second directional component that is opposite
to the first directional component.

According to another aspect of the present invention, there
is provided an apparatus for displaying an ultrasound image,
the apparatus including: a probe that transmits an ultrasonic
signal to an object and receives a response signal reflected
from the object; a data obtaining unit that obtains vector
Doppler data of a tissue included in the object based on the
received response signal; a data extraction unit that extracts a
velocity magnitude of the tissue from the vector Doppler data
of the tissue; and a control unit that maps the velocity mag-
nitude of the tissue to a color scale and displays a mapping
result.

The control unit may implement a synchronization image,
which indicates whether a motion of the tissue has been
synchronized, by mapping the velocity magnitude of the tis-
sue to the color scale.

The control unit may map the velocity magnitude of the
tissue to a brightness scale or a chroma scale between a first
color and a second color and may display a mapping result.

The data extraction unit may extract a velocity magnitude
of the tissue in a direction selected by a user.
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The data extraction unit may extract a velocity direction of
the tissue from the vector Doppler data, and the control unit
may map the velocity magnitude of the tissue to a first color
if the velocity direction includes a first directional component
and may map the velocity magnitude of the tissue to a second
color if the velocity direction of the tissue includes a second
directional component that is opposite to the first directional
component.

The first directional component may include a direction in
which the object expands, and the second directional compo-
nent may include a direction in which the object contracts.

The control unit may select at least one position on the
tissue based on an input of a user and may display a velocity
magnitude of the at least one position with respect to time as
a first graph.

The apparatus may further include a display unit for dis-
playing the synchronization image and the first graph,
wherein the control unit may display the synchronization
image on a first area of the display unit and may display the
first graph on a second area of the display unit, which is
different from the first area.

The control unit may obtain a first reference point, which is
located inside the object, and a second reference point and at
least one point that are located on the tissue of the object, and
may display a color, which is mapped to a velocity magnitude
of the at least one point, as a second graph according to an
angle between a first straight line, which connects the first
reference point and the second reference point, and a second
straight line, which connects the first reference point and the
at least one point, and time.

The apparatus may further include a display unit for dis-
playing the synchronization image and the second graph,
wherein the control unit may display the synchronization
image on a first area of the display unit and may display the
second graph on a third area of the display unit, which is
different from the first area.

The synchronization image may include a three dimen-
sional image of the heart.

The data extraction unit may extract a velocity direction of
a first tissue included in an upper portion of the heart and a
velocity direction of a second tissue included in a lower
portion of the heart, based on a twist axis of the heart, the
control unit may map a velocity magnitude of the first tissue
to a first color if the velocity direction of the first tissue
includes a first directional component, and the control unit
may map a velocity magnitude of the second tissue to a
second color if the velocity direction of the second tissue
includes a second directional component that is opposite to
the first directional component.

According to another aspect of the present invention, there
is provided a computer-readable recording medium having
recorded thereon a computer program for executing the
method of displaying an ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1 is a diagram for describing a method of obtaining a
velocity magnitude of an object in a general ultrasonic device;

FIG. 2 is a block diagram illustrating a configuration of an
apparatus for displaying ultrasound images, according to an
embodiment of the present invention;

15

20

25

40

45

55

60

65

4

FIG. 3 is a block diagram illustrating a configuration of an
apparatus for displaying ultrasound images, according to
another embodiment of the present invention,

FIG. 4 is a diagram for explaining a method of obtaining
vector Doppler data of a tissue, in an apparatus for displaying
ultrasound images, according to an embodiment of the
present invention;

FIGS. 5 and 6 are diagrams for explaining a method of
extracting a tissue signal from a response signal, in an appa-
ratus for displaying ultrasound images, according to an
embodiment of the present invention;

FIG. 7A is a diagram illustrating a synchronization image
implemented by an apparatus for displaying ultrasound
images, according to an embodiment of the present invention;

FIG. 7B is a diagram illustrating a color scale that is used
for implementing the synchronization image of FIG. 7A;

FIG. 8 is a graph illustrating a velocity magnitude of a
predetermined position on a tissue with respect to time, in an
apparatus for displaying ultrasound images, according to an
embodiment of the present invention;

FIG.9A is a diagram for explaining a method of displaying
a velocity magnitude of a tissue as a graph according to an
angle and time in an apparatus for displaying ultrasound
images, according to an embodiment of the present invention;

FIG. 9B is a graph illustrating a velocity magnitude of a
tissue according to an angle and time, in an apparatus for
displaying ultrasound images, according to an embodiment
of the present invention;

FIG. 10 is a diagram illustrating a three dimensional (3D)
synchronization image of the heart, in an apparatus for dis-
playing ultrasound images, according to an embodiment of
the present invention; and

FIG. 11 is a flowchart illustrating a method of displaying
ultrasound images, according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

The merits and characteristics of the present invention and
methods for achieving them will be clear with reference to the
embodiments described below in detail with the attached
drawings. However, the present invention is not limited to the
embodiments disclosed below, and the present invention will
be implemented in various forms; rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the concept of the invention
to those of ordinary skill in the art. The present invention is
only defined by the following claims. Like reference numbers
are used to refer to like elements throughout the specification.

The term ‘unit’ used in the embodiments indicates a soft-
ware or hardware component, such as a Field Programmable
Gate Array (FPGA) or an Application Specific Integrated
Circuit (ASIC), and performs a certain role. However, the
term “unit’ is not limited to software or hardware. The term
‘unit” may be configured to be in an addressable storage
medium or to reproduce one or more processors. Thus, for
example, the term ‘unit” includes components, such as soft-
ware components, object-oriented software components,
class components, and task components, processors, func-
tions, attributes, procedures, sub-routines, program code seg-
ments, drivers, firmware, micro-codes, circuits, data, data-
bases, data structures, tables, arrays, and variables. A function
provided in components and ‘units” may be performed by
combining a smaller number of components and ‘units’ or
further separating additional components and “units’ there-
from.
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In the embodiments, “vector Doppler data” is a vector that
includes a velocity magnitude and a velocity direction, and
the “velocity magnitude”, which is a scalar, does not include
a direction but indicates only a magnitude of a velocity. The
“velocity direction” means a direction to which a specific
position of a specific object moves at an arbitrary time. In
addition, a “tissue”, which is one of units constituting a living
body, means a group of cells having the same form or func-
tion. In addition, a difference between a frequency of an
ultrasonic signal transmitted to an object and a frequency of a
response signal is referred to as a Doppler frequency, and a
signal having the Doppler frequency is referred to as a Dop-
pler signal.

FIG. 1 is adiagram for describing a method of obtaining a
velocity magnitude of an object in a general ultrasonic device.

As illustrated in FIG. 1, a probe 10 may transmit an ultra-
sonic signal to an object (a direction @) and receive a
response signal that is reflected from the object (a direction
@). A Doppler frequency is affected only by a direction @
which is an orthogonal component, from among movement
directions of a blood flow or a tissue, and thus, a general
ultrasonic device may obtain only a velocity magnitude of the
direction @ of the blood flow or the tissue. Thus, the general
ultrasonic device may not exactly detect a velocity magnitude
of a direction @ of the blood flow or the tissue.

FIG. 2 is a block diagram illustrating a configuration of an
apparatus 100 of displaying ultrasound images (hereinafter,
referred to as “an ultrasound image display apparatus™),
according to an embodiment of the present invention.

Referring to FIG. 2, the ultrasound image display appara-
tus 100 may include a probe 110, a data obtaining unit 120, a
data extraction unit 130, and a control unit 140. The data
obtaining unit 120, the data extraction unit 130, and the con-
trol unit 140 may be configured by a microprocessor.

The probe 110 includes a plurality of elements each formed
of a piezoelectric device, transmits an ultrasonic signal to an
object or a predetermined position of the object, and receives
a response signal that is reflected from the object.

The data obtaining unit 120 obtains vector Doppler data of
a tissue included in the object based on the received response
signal. A method of obtaining vector Doppler data of a tissue
will be described below with reference to FIGS. 4 through 6.

The data extraction unit 130 extracts a velocity magnitude
of the tissue from the vector Doppler data of the tissue.

The data extraction unit 130 may extract a velocity mag-
nitude of the tissue in a direction selected by a user. If the
direction selected by the user is different from a velocity
direction of the tissue, a velocity magnitude of the tissue in the
direction selected by the user may be extracted by using the
velocity magnitude of the tissue and an angle between the
direction selected by the user and the velocity direction of the
tissue.

In detail, if the velocity magnitude of the tissue is v and the
angle between the direction selected by the user and the
velocity direction of the tissue is 0, the velocity magnitude v'
of the tissue in the direction selected by the user may be v-cos
0.

The control unit 140 maps the velocity magnitude v of the
tissue or the velocity magnitude v" of the tissue in the direc-
tion selected by the user to a color scale and displays a
mapping result. In addition, the control unit 140 may imple-
ment a synchronization image, which indicates whether the
motion of the tissue has been synchronized, by mapping the
velocity magnitude v of the tissue or the velocity magnitude
v" of the tissue in the direction selected by the user to the color
scale.
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In detail, the control unit 140 may map the velocity mag-
nitude v of the tissue to a brightness scale or a chroma scale
between a first color and a second color and may display a
mapping result. The brightness scale between the first color
and the second color means a set of colors having brightness
values between a brightness value of the first color and a
brightness value of the second color. The chroma scale
between the first color and the second color means a set of
colors having chroma values between a chroma value of the
first color and a chroma value of the second color.

A medical inspector may intuitively determine a non-syn-
chronized tissue based on colors of tissues on the synchroni-
zation image. Alternatively, the control unit 140 may imple-
ment the synchronization image by mapping only velocity
magnitudes of some tissues of the object to a color scale.

The ultrasound image display apparatus 100 may further
include a display unit 150 as illustrated in FIG. 3.

The display unit 150 displays the synchronization image
implemented by the control unit 140 to a user.

FIG. 4 is a diagram for explaining a method of obtaining
vector Doppler data of a tissue, in the ultrasound image dis-
play apparatus 100.

The probe 110 transmits a first ultrasonic signal S1 and a
second ultrasonic signal S2 with angles of 180°-0, and 0 to a
predetermined position P of an object. The predetermined

position P has a velocity magnitude |7| and moves in a
velocity direction A. Two response signals whose frequencies
have been changed by the predetermined position P are
received by the probe 110 with reception angles of 180°-6,
and 6.

A method of obtaining vector Doppler data of the prede-
termined position P by using two response signals having
different Doppler frequencies and different reception angles
will be obvious to those of ordinary skill in the art pertaining
to the vector Doppler, and thus, a detailed description of the
method will be omitted here.

In general, the response signals reflected from the prede-
termined position P include a tissue signal reflected from a
tissue and a blood flow signal reflected from a blood flow.
Thus, the tissue signal has to be extracted from the response
signals to obtain vector Doppler data of the tissue.

FIGS. 5 and 6 are diagrams for explaining a method of
extracting a tissue signal 510 or 610 from a response signal, in
the ultrasound image display apparatus 100. FIG. 5 illustrates
ablood flow signal 520 and the tissue signal 510 with respect
to frequency and the amplitude thereof, and FIG. 6 illustrates
ablood flow signal 620 and the tissue signal 610 with respect
to frequency and amplitude.

The data obtaining unit 120 extracts the tissue signal 510 or
610 from a response signal reflected from an object. Since the
response signal reflected from the object includes the blood
flow signal 520 or 620 and the tissue signal 510 or 610, the
tissue signal 510 or 610 has to be extracted from the response
signal to obtain vector Doppler data of a tissue.

In general, since velocity of blood flow is relatively faster
compared to that of tissue, the blood flow signal 520 or 620 is
located in a high frequency bandwidth and the tissue signal
510 or 610 is located in a low frequency bandwidth. In addi-
tion, since reflectivity of blood flow is very small compared to
that of tissue, the power of the tissue signal 510 or 610 is
larger than that of the blood flow signal 520 or 620.

The data obtaining unit 120 may extract the tissue signal
510 or 610 from the response signal by using a frequency
difference between the blood flow signal 520 or 620 and the
tissue signal 510 or 610. That 1s, the data obtaining unit 120
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may extract only the tissue signal 510 or 610 by using a low
pass filter having a cutoff frequency x, as illustrated in FIG. 5.

In addition, the data obtaining unit 120 may extract the
tissue signal 510 or 610 from the response signal by using a
power difference between the blood flow signal 520 or 620
and the tissue signal 510 or 610.

First, the data obtaining unit 120 may calculate a gain value
that allows a maximum power of the blood flow signal 520 or
620 to have a predetermined value. In the current embodiment
of the present invention, the predetermined value may be a
value approximate to “0”. In addition, the gain value may be
a value that is larger than “0” and smaller than “1”.

That s, the data obtaining unit 120 extracts the tissue signal
510 or 610 by applying a gain value, which may make the
maximum power of the blood flow signal 520 or 620 be close
to “0”, to the vector Doppler data. For example, when the
maximum power of the blood flow signal 520 or 620 is “a”
and the maximum power of the tissue signal 510 or 610 is “b”,
the data obtaining unit 120 may calculate a gain value
“0.0001” that may make the maximum power “a” of theblood
flow signal 520 or 620 be approximate to “0”. When applying
the gain value “0.0001” to the vector Doppler data, a maxi-
mum power of the blood flow signal 520 or 620 becomes
ax0.0001 that is approximate to “0”, and a maximum power
ofthe tissue signal 510 or 610 becomes bx0.0001 thatis much
larger than “0”. Thus, the data obtaining unit 120 may extract
the tissue signal 510 or 610 generated by a tissue.

The data obtaining unit 120 may compensate a gain for the
tissue signal 510 or 610 extracted by adjusting the gain value.
That is, the data obtaining unit 120 compensates a power of
the tissue signal 510 or 610 by using a reciprocal of the
calculated gain value. For example, since the maximum
power of the extracted tissue signal 510 or 610 becomes
bx0.0001 when the calculated gain valueis “0.0001”, the data
obtaining unit 120 may make the maximum power of the
tissue signal 510 or 610 become “b” by applying the recipro-
cal “10000 (Y0.0001)” of the calculated gain value to the
extracted tissue signal 510 or 610.

FIG. 7A is a diagram illustrating a synchronization image
implemented by the ultrasound image display apparatus 100
according to the current embodiment of the present invention,
and FIG. 7B is a diagram illustrating a color scale that is used
for implementing the synchronization image of FIG. 7A.

The data extraction unit 130 may extract a velocity direc-
tion of a tissue from vector Doppler data.

The control unit 140 may map a velocity magnitude of the
tissueto a first color according to a color scale 700 of F1IG. 7B
if a velocity direction of the tissue includes a first directional
component, and map the velocity magnitude of the tissue to a
second color according to the color scale 700 if the velocity
direction of the tissue includes a second directional compo-
nent that is opposite to the first directional component. The
first color may be different from the second color.

Referring to FIG. 7B, an upper portion 720 of the color
scale 700 may be a color scale which is affiliated with the first
color, and a lower portion 740 of the color scale 700 may be
acolor scale which is affiliated with the second color. Circles
in the upper portion 720 indicate the first color, and triangles
in the lower portion 740 indicate the second color.

The first directional component may be a direction @ for
when an object expands, and the second directional compo-
nent may be a direction @ for when the object contracts.

In detail, the control unit 140 may map the velocity mag-
nitude of the tissue to an upper portion 720 of the color scale
700 if the velocity direction of the tissue includes the first
directional component, and may map the velocity magnitude
of the tissue to a lower portion 740 of the color scale 700 if the
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velocity direction of the tissue includes the second directional
component. Accordingly, a medical inspector may easily
detect contracting of some tissues when the object expands,
and may determine detected tissues as non-synchronized tis-
sues.

The control unit 140 may implement a synchronization
image by mapping a velocity magnitude of a tissue in a
direction selected by a user to a color scale. In this case, the
medical inspector may determine a velocity magnitude of a
tissue in a direction desired by the inspector.

FIG. 8 is a graph illustrating a velocity magnitude of a
predetermined position on a tissue with respect to time, in the
ultrasound image display apparatus 100 according to the cur-
rent embodiment of the present invention.

The control unit 140 may select at least one position on a
tissue of anobject based on an input ofa user, and may display
a velocity magnitude of the at least one position with respect
to time as a graph. When the user selects a point P and a point
Q as illustrated in FIG. 7A, a graph such as in FIG. 8 may be
displayed on the display unit 150.

The user may determine whether the point P and the point
Q have been synchronized, through the graph illustrated in
FIG. 8.

The control unit 140 may display the synchronization
image illustrated in FIG. 7A on a first area of the display umt
150 and may display the graph illustrated in FIG. 8 on a
second area of the display unit 150, and thus, convenience of
inspection may be increased.

FIG.9A is a diagram for explaining a method of displaying
a velocity magnitude of a tissue as a graph according to an
angle and time, in the ultrasound image display apparatus 100
according to the current embodiment of the present invention,
and FIG. 9B is a graph illustrating a velocity magnitude of a
tissue according to an angle and time, in the ultrasound image
display apparatus 100.

The control unit 140 obtains a first reference point R1 that
is located inside an object and a second reference point R2
that is located on a tissue of the object. In addition, the control
unit 140 obtains at least one point P that is located on the
tissue of the object. The control unit 140 may display a color,
which is mapped to a velocity magnitude of the at least one
point P, as a graph according to an angle between a first
straight line 920, which connects the first reference point R1
and the second reference point R2, and a second straight line
940, which connects the first reference point R1 and the at
least one point P, and time. Referring to FIG. 9B, a colorofthe
point P included in the second straight line 940 having an
angle difference of 0° through 360° with respect to the first
straight line 920 is displayed as a graph according to time.
Through the graph illustrated in FIG. 9B, it may be easily
determined that a tissue positioned around 180° is a non-
synchronized tissue.

The control unit 140 displays the synchronization image
illustrated in FIG. 7A on the first area of the display unit 150
and simultaneously displays the graph illustrated in FIG. 9B
on a third area of the display unit 150, and thus, convenience
of inspection may be increased. In addition, the synchroniza-
tion image illustrated in FIG. 7A may be displayed on the first
area of the display unit 150, the graph of FIG. 8 may be
displayed on the second area of the display unit 150, and the
graph of FIG. 9B may be displayed on the third area of the
display unit 150.

FIG. 10 is a diagram illustrating a three dimensional (3D)
synchronization image of the heart in the ultrasound image
display apparatus 100 according to the current embodiment
of the present invention.



US 9,390,495 B2

9

The control unit 140 may implement an object by using a
3D synchronization image. FIG. 10 illustrates a case where
the object is the heart. A twist axis 1060 exists in the center of
the heart, and an upper portion 1020 of the heart and a lower
portion 1040 of the heart are twisted in opposite directions
based on the twist axis.

The data extraction unit 130 extracts a velocity direction of
a first tissue included in the upper portion 1020 of the heart
and a velocity direction of a second tissue included in the
lower portion 1040 of the heart. The control unit 140 may map
the velocity magnitude of the first tissue to a first color if the
velocity direction of the first tissue includes a first directional
component, and may map the velocity magnitude of the sec-
ond tissue to a second color if the velocity direction of the
second tissue includes a second directional component that is
opposite to the first directional component.

In FIG. 10, the first directional component may be a direc-
tion @, and the second directional component may be a
direction @ Thus, an inspector may easily determine the
extent of twist of the heart.

FIG. 11 is a flowchart illustrating a method of displaying
ultrasound images (hereinafter, referred to as “an ultrasound
image display method™.), according to an embodiment of the
present invention. Referring to FIG. 11, the ultrasound image
display method includes operations that are sequentially pro-
cessed in the ultrasound image display apparatus 100 illus-
trated in FIGS. 2 and 3. Although omitted below, the content
described above with respect to the ultrasound image display
apparatus 100 illustrated in FIGS. 2 and 3 may be applied to
the ultrasound image display method of FIG. 11.

In operation S110, the ultrasound image display apparatus
100 transmits an ultrasonic signal to an object. The ultrasound
image display apparatus 100 may transmit two ultrasonic
signals to the object.

In operation S120, the ultrasound image display apparatus
100 receives a response signal that is reflected from the
object. The ultrasound image display apparatus 100 may
receive two response signals that are reflected from the object.

In operation S130, the ultrasound image display apparatus
100 obtains vector Doppler data of a tissue based on the
received response signal. The ultrasound image display appa-
ratus 100 may extract a tissue signal from the received
response signal, and may obtain vector Doppler data of a
tissue from the tissue signal.

In operation S140, the ultrasound image display apparatus
100 extracts avelocity magnitude of the tissue from the vector
Doppler data of the tissue.

In operation 8150, the ultrasound image display apparatus
100 maps the velocity magnitude of the tissue to a color scale
and displays a mapping result.

The above-described embodiments of the present inven-
tion can be implemented as a program which can be executed
by a computer, and may be implemented ona general-purpose
digital computer which runs the program that may be stored in
a computer-readable recording medium.

The computer-readable recording medium may include a
magnetic storage medium (e.g., ROMs, floppy disks, hard
disks, etc.), optical reading medium (e.g., CD-ROMs, DVDs,
etc.), etc.

While this invention has been particularly shown and
described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined
by the appended claims. The preferred embodiments should
be considered in descriptive sense only and not for purposes
of limitation. Therefore, the scope of the invention is defined
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not by the detailed description of the invention but by the
appended claims, and all differences within the scope will be
construed as being included in the present invention.

What is claimed is:

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

transmitting an ultrasonic signal to an object and obtaining

vector Doppler data of a tissue included in the object
based on a response signal that is reflected from the
object;

extracting a first velocity magnitude of the tissue (v) from

the vector Doppler data of the tissue;

receiving an user input for selecting a first direction in the

tissue;

obtaining a second velocity magnitude of the tissue (v')

based on the first velocity magnitude of the tissue (v) and
arelation between the first direction and a velocity direc-
tion of the tissue; and
displaying a mapping result obtained by mapping the sec-
ond velocity magnitude of the tissue (v') to a color scale,

wherein the extracting the first velocity magnitude of the
tissue (v) from the vector Doppler data of the tissue
comprises extracting the velocity direction of the tissue
from the vector Doppler data,

wherein the displaying the mapping result obtained by

mapping the second velocity magnitude of the tissue (v')
to the color scale comprises:

generating a synchronization image by mapping the sec-

ond velocity magnitude of a first tissue comprising a first
directional component to a first color and mapping the
second velocity magnitude of a second tissue compris-
ing a second directional component to a second color;
and

displaying the synchronization image.

2. The method of claim 1, wherein the displaying the map-
ping result obtained by mapping the second velocity magni-
tude of the tissue (v') to the color scale comprises implement-
ing a synchronization image, which indicates whether a
motion of the tissue has been synchronized, by mapping the
second velocity magnitude of the tissue (v') to the color scale.

3. The method of claim 1, wherein the displaying the map-
ping result obtained by mapping the second velocity magni-
tude of the tissue (v') to the color scale comprises displaying
a mapping result obtained by mapping the second velocity
magnitude of the tissue (v') to a brightness scale or a chroma
scale between the first color and the second color.

4. The method of claim 1, wherein the displaying the map-
ping result obtained by mapping the second velocity magni-
tude of the tissue (v') to the color scale comprises:

mapping the second velocity magnitude of the first tissue to

an upper portion of the color scale and mapping the
second velocity magnitude of the second tissue to a
lower portion of the color scale.

5. The method of claim 4, wherein the first directional
component comprises a direction for when the object
expands, and the second directional component comprises a
direction for when the object contracts.

6. The method of claim 2, further comprising:

selecting at least one position on the tissue based on an

input of a user; and

displaying a velocity magnitude of the at least one position

with respect to time as a first graph.

7. The method of claim 6, further comprising displaying
the synchronization image on a first area of a display of an
ultrasound apparatus and displaying the first graph on a sec-
ond area of the display, which is different from the first area.
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8. The method of claim 2, further comprising:

obtaining a first reference point, which is located inside the
object, and a second reference point and at least one
point that are located on the tissue of the object; and

displaying a color, which is mapped to a velocity magni-
tude of the at least one point, as a second graph according
to an angle between a first straight line, which connects
the first reference point and the second reference point,
and a second straight line, which connects the first ref-
erence point and the at least one point, and time.

9. The method of claim 8, further comprising displaying
the synchronization image on a first area of a display of an
ultrasound apparatus and displaying the second graph on a
third area of the display, which is different from the first area.

10. The method of claim 2, wherein the synchronization
image comprises a three dimensional image of the heart.

11. The method of claim 10, wherein the implementing the
synchronization image comprises:

extracting a velocity direction ofa first tissue included in an
upper portion of the heart and a velocity direction of a
second tissue included in a lower portion of the heart,
based on a twist axis of the heart; and

mapping the second velocity magnitude of the first tissue to
the first color if the velocity direction of the first tissue
comprises a first directional component, and mapping
the second velocity magnitude of the second tissueto the
second color if the velocity direction of the second tissue
comprises a second directional component that is oppo-
site to the first directional component.

12. A non-transitory computer-readable recording medium
having recorded thereon a computer program for executing a
method of displaying an ultrasound image according to claim
1.

13. An apparatus for displaying an ultrasound image, the
apparatus comprising:

a probe for transmitting an ultrasonic signal to an object

and receiving a response signal reflected from the object;

a data obtainer for obtaining a vector Doppler data of a
tissue included in the object based on the received
response signal;

a data extractor for extracting a first velocity magnitude of
the tissue (v) and a second velocity magnitude of the
tissue (v') from the vector Doppler data of the tissue;

an user interface for receiving an user input selecting a first
direction in the tissue;

a controller for mapping the second velocity magnitude of
the tissue (v') to a color scale and displaying a mapping
result,

wherein the data extractor obtains the second velocity mag-
nitude of the tissue (v') based on the first velocity mag-
nitude of the tissue (v) and a relation between the first
direction and a velocity direction of the tissue,

wherein the controller generates a synchronization image
by mapping the second velocity magnitude of a first
tissue comprising a first directional component to a first
color and mapping the second velocity magnitude of a
second tissue comprising a second directional compo-
nent to a second color.
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14. The apparatus of claim 13, wherein the controller
implements a synchronization image, which indicates
whether a motion of the tissue has been synchronized, by
mapping the second velocity magnitude of the tissue (v') to
the color scale.

15. The apparatus of claim 13, wherein the controller maps
the second velocity magnitude ofthe tissue (v') to abrightness
scale or a chroma scale between the first color and the second
color and displays a mapping result.

16. The apparatus of claim 13, wherein the controller maps
the second velocity magnitude of the first tissue to an upper
portion of the color scale and maps the second velocity mag-
nitude of the second tissue to a lower portion of the color
scale.

17. The apparatus of claim 16, wherein the first directional
component comprises a direction in which the object
expands, and the second directional component comprises a
direction in which the object contracts.

18. The apparatus of claim 14, wherein the controller
selects at least one position on the tissue based on an input of
a user and displays a velocity magnitude of the at least one
position with respect to time as a first graph.

19. The apparatus of claim 18, further comprising a display
for displaying the synchronization image and the first graph,
wherein the controller displays the synchronization image on
a first area of the display and displays the first graph on a
second area of the display, which is different from the first
area.

20. The apparatus of claim 14, wherein the controller
obtains a first reference point, which is located inside the
object, and a second reference point and at least one point that
are located on the tissue of the object, and displays a color,
which is mapped to a velocity magnitude of the at least one
point, as a second graph according to an angle between a first
straight line, which connects the first reference point and the
second reference point, and a second straight line, which
connects the first reference point and the at least one point,
and time.

21. The apparatus of claim 20, further comprising a display
for displaying the synchronization image and the second
graph, wherein the controller displays the synchronization
image on a first area of the display and displays the second
graph ona third area of the display, which is different from the
first area.

22. The apparatus of claim 14, wherein the synchronization
image comprises a three dimensional image of the heart.

23. The apparatus of claim 22, wherein the data extractor
extracts a velocity direction of a first tissue included in an
upper portion of the heart and a velocity direction of a second
tissueincluded ina lower portion of the heart, based on a twist
axis of the heart, the controller maps the second velocity
magnitude of the first tissue to the first color if the velocity
direction of the first tissue comprises a first directional com-
ponent, and the controller maps the second velocity magni-
tude of the second tissue to the second color if the velocity
direction of the second tissue comprises a second directional
component thatis opposite to the first directional component.
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