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(7) ABSTRACT

A method of displaying an ultrasound image may improve the
accuracy of disease diagnosis by enabling a user to recognize
an accurate direction of a bloodstream. The method includes:
obtaining first Doppler data that is generated by transmitting
an ultrasound signal to an object and receiving an echo signal
reflected from the object by using a probe; displaying a sound
source marker at a first position on a screen; and generating
and displaying a first color Doppler image from the first
Doppler data in consideration of the first position.

] RED

BLUE

L

210



Patent Application Publication = May 21,2015 Sheet 1 of 15 US 2015/0141824 A1

FIG. 1




Patent Application Publication = May 21,2015 Sheet 2 of 15 US 2015/0141824 A1

FIG. 2A

RED

BLUE




Patent Application Publication = May 21,2015 Sheet 3 of 15 US 2015/0141824 A1

FIG. 2B

RED

-=+] BLUE




Patent Application Publication = May 21,2015 Sheet 4 of 15 US 2015/0141824 A1

FIG. 3A

300

APPARATUS FOR DISPLAYING
ULTRASOUND IMAGE

310 330

DATA
OBTAINER

PROCESSOR

320

DISPLAY

FIG. 3B

_~300
APPARATUS FOR DISPLAYING ULTRASOUND IMAGE

310 330 340
DATA | USER
OBTAINER ~| PROCESSOR ~1INPUT DEVICE
320

DISPLAY




Patent Application Publication = May 21,2015 Sheet 5 of 15 US 2015/0141824 A1

FIG. 4A

( START )

OBTAIN FIRST DOPPLER DATA THAT IS GENERATED
BY TRANSMITTING/RECEIVING ULTRASOUND SIGNAL TO/  }—S410
FROM OBJECT BY USING PROBE

DISPLAY SOUND SOURCE MARKER AT 3420
FIRST POSITION ON SCREEN B

]

GENERATE AND DISPLAY FIRST COLOR DOPPLER IMAGE
FROM FIRST DOPPLER DATA, — 5430
IN CONSIDERATION OF FIRST POSITION

END



Patent Application Publication

May 21, 2015 Sheet 6 of 15

FIG. 4B

( START )

US 2015/0141824 A1

OBTAIN FIRST DOPPLER DATA THAT IS GENERATED BY TRANSMITTING/
RECEIVING ULTRASOUND SIGNAL TO/FROM OBJECT BY USING PROBE

——S410

DISPLAY SOUND SOURCE MARKER AT FIRST POSITION ON SCREEN

—- 5420

GENERATE AND DISPLAY FIRST COLOR DOPPLER IMAGE

FROM FIRST DOPPLER DATA, IN CONSIDERATION OF FIRST POSITION

35430

S441—

MOVE SOUND SOURCE MARKER
DISPLAYED AT FIRST POSITION
T0 SECOND POSITION

TRANSFORM GEQMETRY OF
FIRST COLOR DOPPLER IMAGE

~— 5451

5443

GENERATE AND DISPLAY SECOND
COLOR DOPPLER IMAGE BASED
ON MOVEMENT OF SOUND
SOURCE MARKER

GENERATE AND DISPLAY SECOND
COLCR DOPPLER IMAGE BASED
ON GEOMETRY TRANSFORMATION
OF FIRST COLOR DOPPLER IMAGE

— 5453




Patent Application Publication = May 21,2015 Sheet 7 of 15 US 2015/0141824 A1

FIG. 5

( START )

]

OBTAIN FIRST DOPPLER DATA THAT IS GENERATED
BY TRANSMITTING/RECEIVING ULTRASOUND SIGNAL TO/
FROM OBJECT BY USING PROBE

— 5510

GENERATE FIRST COLOR DOPPLER IMAGE BY USING | s500
DOPPLER DATA AND DISPLAY FIRST
COLOR DOPPLER IMAGE ON SCREEN

DISPLAY SOUND SOURCE MARKER AT FIRST POSITION L3530
ON SCREEN CORRESPONDING TO
FIRST COLOR DOPPLER IMAGE

END



Patent Application Publication

May 21,2015 Sheet 8 of 15 US 2015/0141824 A1

FIG. 6A

620

610

RED

-] BLUE




Patent Application Publication = May 21,2015 Sheet 9 of 15 US 2015/0141824 A1

FIG. 6B

4610

g

,} 6256 620

- ; RED

ca - : " BLUE




Patent Application Publication = May 21,2015 Sheet 10 of 15 US 2015/0141824 A1l

FIG. 7A

710
| 620
RED
BLUE




Patent Application Publication = May 21,2015 Sheet 11 of 15 US 2015/0141824 A1l

FIG. 7B

RED

-] BLUE




US 2015/0141824 A1

0¥8—

£v8

b

14

8

€8

—0€8

May 21,2015 Sheet 12 of 15

028 —

L8

—018

Patent Application Publication

"O1d



Patent Application Publication = May 21,2015 Sheet 130of 15  US 2015/0141824 A1l

FIG. 9A

930 . 930

~—930

930

/] RED
-] BLUE

930 930



Patent Application Publication = May 21,2015 Sheet 14 of 15 US 2015/0141824 A1l

FIG. 9B

910

RED

=1 BLUE




US 2015/0141824 A1

May 21,2015 Sheet 15 of 15

Patent Application Publication

00—\ 901 — TVNIEL
AV1dSia HOLYOINNWNOD FT190N :-;m \\\ T19Y.LHOd
— — HOLYOINNNIOD Q3 | - 29
H1 TOHINOD | VOGN
0091 Ocel m \
0051~ 0iEl HOLYDINNIWINOD N, 20!
S — AHONTN l—
| 00} L0111
| NN
| GO L] oNiviag HISTNG
| NOISSISNYHL
m | HOSS3004Hd ZLLL m ali
| HT1dd0a Vs s | | |0 U
| e LINN 020t
e ety WIaY = oNAV1Ea {00y = uaimany gy O
NOILd303H
022! chel 82i! 92ir v2ll !
HOSSIO0Hd V1va |00zt HIANTOIY
0ler | ozn
0oLl L — 0001
H0SSIO0H FOVNI HIAITOSNYHL ONNOSYHLIN
01 "DOIA




US 2015/0141824 Al

METHOD AND APPARATUS FOR
DISPLAYING ULTRASOUND IMAGE

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Patent
Application No. 61/907,206, filed on Nov. 21, 2013, and
Korean Patent Application No. 10-2014-0027431, filed on
Mar. 7, 2014, in the Korean Intellectual Property Office, the
disclosures of which are incorporated herein in their entirety
by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to a method and apparatus for displaying an ultrasound
image, and more particularly, to a method and apparatus for
generating and displaying a color Doppler image that shows
a movement of at least a part of an object by using Doppler
data.

[0004] 2. Description of the Related Art

[0005] Ultrasound systems have noninvasive and nonde-
structive characteristics, and thus, are widely used in medical
applications for obtaining information about internal body
structures of an object. Ultrasound systems may provide
medical doctors with high-resolution images of internal body
structures of an object without performing surgery involving
an incision, and thus, are frequently used in medical applica-
tions.

[0006] In general, an ultrasound system transmits an ultra-
sound signal to an object as a probe is brought into contact
with a surface of the object and receives an ultrasound signal
(hereinafter, referred as an echo signal) reflected from the
object. The ultrasound system forms an ultrasound image of
the object based on the echo signal received through the
probe, and displays the formed ultrasound image on a display.
[0007] For example, the ultrasound system may form and
display a brightness (B) mode image in which an intensity of
the echo signal reflected from the object is expressed by a
brightness or a Doppler (D) mode image in which a Doppler
component extracted from the echo signal is expressed by a
color or a waveform.

[0008] In particular, the ultrasound system may generate
Doppler data by transmitting an ultrasound signal to the
object including a blood vessel through which blood flows
and by receiving the echo signal reflected from the object. The
ultrasound system may form a color (C) mode image, that is,
a color Doppler image, based on the generated Doppler data.
The color Doppler image expresses a relative velocity of a
bloodstream with respect to a probe by using a color or an
arrow. The color Doppler image is widely used to diagnose an
occurrence of a cardiac disease.

[0009] A general ultrasound system generates a color Dop-
pler image that expresses a relative velocity of a bloodstream
with respect to a position of a probe when Doppler data is
obtained. When a user using the general ultrasound system
manipulates the color Doppler image (for example, when the
user moves or rotates the color Doppler image on a screen),
the user may not know where the probe is located when the
Doppler data is obtained, the location of the probe being a
basis of the color Doppler image.

[0010] Also, since the general ultrasound system provides
the color Doppler image that expresses the relative velocity of
the bloodstream with respect to the position of the probe when
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the Doppler data is obtained, the general ultrasound system
may provide a color Doppler image that fails to show an
accurate direction of the bloodstream according to a spatial
location of the probe.

[0011] Accordingly, the user using the general ultrasound
system has difficulties in recognizing an accurate direction of
the bloodstream which the color Doppler image shows,
thereby reducing the accuracy of diagnosis.

SUMMARY

[0012] One or more embodiments of the present invention
include a method and apparatus for displaying an ultrasound
image that provides an accurate direction of a bloodstream to
a user in order to increase the accuracy of diagnosing a car-
diac disease.

[0013] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0014] According to one or more embodiments of the
present invention, a method of displaying an ultrasound
image includes: obtaining first Doppler data that is generated
by transmitting an ultrasound signal to an object and receiv-
ing an echo signal reflected from the object by using a probe;
displaying a sound source marker at a first position on a
screen; and generating and displaying a first color Doppler
image from the first Doppler data, in consideration of the first
position.

[0015] Thegenerating and displaying of the first color Dop-
pler image may include: generating second Doppler data
from the first Doppler data based on a result of comparison
between the first position and a reference position on the
screen; and generating the first color Doppler image from the
second Doppler data.

[0016] The generating of the second Doppler data may
include: obtaining an angle between a line that connects the
reference position and a predetermined point on the screen
and a line that connects the predetermined point and the first
position; and generating the second Doppler data by correct-
ing the first Doppler data based on the obtained angle.
[0017] The method may further include: moving, based on
auser’s input, the sound source marker displayed at the first
position to a second position; and generating and displaying a
second color Doppler image based on the movement of the
sound source marker.

[0018] The moving of the sound source marker to the sec-
ond position may include moving the sound source marker
from the first position to the second position along a prede-
termined path on the screen.

[0019] The generating and displaying of the second color
Doppler image may include: obtaining an angle between a
line that connects the first position and a predetermined point
on the screen and a line that connects the predetermined point
and the second position: and generating the second color
Doppler image based on the obtained angle.

[0020] The method may further include: transforming a
geometry of the first color Doppler image, based on a user’s
input; and generating and displaying a second color Doppler
image based on the transformed geometry of the first color
Doppler image.

[0021] The transforming of the geometry of the first color
Doppler image may include performing at least one of a
movement, an expansion, a contraction, and a rotation of the
first color Doppler image on the screen.
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[0022] Thescreen may include a plurality of areas at which
a plurality of Doppler images are displayed, wherein the
displaying of the sound source marker at the first position
includes displaying a plurality of sound source markers at a
plurality of positions of the plurality of areas, respectively,
and the generating and displaying of the first color Doppler
image includes generating and displaying a plurality of color
Doppler images of a plurality of cross-sections of the object
from the first Doppler data based on the plurality of positions
of the plurality of sound source markers.

[0023] Thegenerating and displaying of the first color Dop-
pler image may include: generating a three-dimensional (3D)
brightness (B) mode image of at least a part of the object
based on volume data of the object; and displaying the first
color Doppler image on the 3D B mode image.

[0024] The method may further include: moving the sound
source maker displayed at the first position to a second posi-
tion along at least one of an x-axis, a y-axis, and a z-axis of the
3D B mode image based on a user’s input; and generating a
second color Doppler image based on the movement of the
sound source marker and displaying the second color Doppler
image on the 3D B mode image.

[0025] According to one or more embodiments of the
present invention, a method of displaying an ultrasound
image includes: obtaining Doppler data that is generated by
transmitting an ultrasound signal to an object and receiving an
echo signal reflected from the object by using a probe; dis-
playing a color Doppler image by using the Doppler data and
displaying the color Doppler image on a screen; and display-
ing a sound source marker at a first position on the screen
corresponding to the color Doppler image, wherein the first
position indicates an angle between a direction in which a
bloodstream flows in the object and a direction in which the
probe receives the echo signal.

[0026] According to one or more embodiments of the
present invention, an apparatus for displaying an ultrasound
image includes: a data obtainer that obtains first Doppler data
that is generated by transmitting an ultrasound signal to an
object and receiving an echo signal reflected from the object
by using a probe; a display that displays a sound source
marker at a first position on a screen; and a processor that
generates a first color Doppler image from the first Doppler
data in consideration of the first position, wherein the display
further displays the first color Doppler image.

[0027] The processor may generate second Doppler data
from the first Doppler data based on a result of comparison
between the first position and a reference position on the
screen, and generates the first color Doppler image from the
second Doppler data.

[0028] The processor may obtain an angle between a line
that connects the reference position and a predetermined
point on the screen and a line that connects the predetermined
point and the first position, and generate the second Doppler
data by correcting the first Doppler data based on the obtained
angle.

[0029] The apparatus may further include a user input
device that receives a user’s input, wherein the processor
moves the sound source marker displayed at the first position
to a second position based on the user’s input, and generates
a second color Doppler image based on the movement of the
sound source marker, and the display displays the second
color Doppler image.
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[0030] The processor may move the sound source marker
from the first position to the second position along a prede-
termined path on the screen.

[0031] The processor may obtain an angle between a line
that connects the first position and a predetermined point on
the screen and a line that connects the predetermined point
and the second position, and generate the second color Dop-
pler image based on the obtained angle.

[0032] The apparatus may further include a user input
device that receives a user’s input, wherein the processor
transforms a geometry of the first color Doppler image based
on the user’s input, and generates a second color Doppler
image based on the geometry transformation of the first color
Doppler image, and the display displays the second color
Doppler image.

[0033] The processor may perform at least one of a move-
ment, an expansion, a contraction, and a rotation of the first
color Doppler image on the screen.

[0034] The display may display a plurality of Doppler
images at a plurality of areas on a screen, and display a
plurality of sound source markers at a plurality of positions of
the plurality of areas, respectively, wherein the processor
generates a plurality of color Doppler images of a plurality of
cross-sections of the object from the first Doppler data based
on the plurality of positions of the plurality of sound source
markers.

[0035] The processor may further generate a three-dimen-
sional (3D) brightness (B) mode image of at least a part of the
object based on volume data of the object, and the display
may display the first color Doppler image on the 3D B mode
image.

[0036] The apparatus may further include a user input
device that receives a user’s input, wherein the processor
moves the sound source marker displayed at the first position
to a second position along at least one of an x-axis, a y-axis,
and a z-axis of the 3D B mode image, based on the user’s
input, and generates a second color Doppler image based on
the movement of the sound source marker, and the display
displays the second color Doppler image on the 3D B mode
image.

[0037] According to one or more embodiments of the
present invention, an apparatus for displaying an ultrasound
image includes: a data obtainer that obtains Doppler data that
is generated by transmitting an ultrasound signal to an object
and receiving an echo signal reflected from the object by
using a probe; a processor that generates a color Doppler
image by using the Doppler data; and a display that displays
the color Doppler image on a screen, and displays a sound
source marker at a first position on the screen corresponding
to the color Doppler image, wherein the first position indi-
cates an angle between a direction in which a bloodstream
flows in the object and a direction in which the probe receives
the echo signal.

[0038] According to one or more embodiments of the
present invention, a computer-readable recording medium
has embodied thereon a program for executing the method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:
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[0040] FIG.1 is a conceptual view for explaining a method
of obtaining Doppler data of an object by using a probe in a
general ultrasound system;

[0041] FIGS. 2A and 2B are color Doppler images pro-
vided by the general ultrasound system of FIG. 1;

[0042] FIGS. 3A and 3B are block diagrams illustrating an
apparatus for displaying an ultrasound image, according to an
embodiment of the present invention;

[0043] FIGS. 4A and 4B are flowcharts of a method of
displaying an ultrasound image, according to embodiments
of the present invention;

[0044] FIG. 5 is a flowchart of a method of displaying an
ultrasound image, according to another embodiment of the
present invention;

[0045] FIGS. 6A, 6B, 7A, and 7B are views illustrating a
color Doppler image and a sound source marker that are
displayed, according to embodiments of the present inven-
tion;

[0046] FIG. 8 is a view illustrating a plurality of color
Doppler images that are generated based on positions of a
plurality of sound source markers that are displayed, accord-
ing to an embodiment of the present invention;

[0047] FIGS. 9A and 9B are views illustrating movement
paths of a sound source marker that is moved on a screen,
according to embodiments of the present invention; and
[0048] FIG.101sablock diagram illustrating an ultrasound
system to which an apparatus for displaying an ultrasound
image may be applied, according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0049] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0050] The present invention will now be described more
fully with reference to the accompanying drawings for those
of ordinary skill in the art to be able to perform the present
invention without any difficulty. The invention may, however,
be embodied in many different forms and should not be
construed as being limited to the embodiments set forth
herein; 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. Also, parts in the drawings unrelated to the detailed
description are omitted to ensure clarity of the present inven-
tion. Like reference numerals in the drawings denote like
elements.

[0051] Throughout the specification, it will be understood
that when an element is referred to as being “connected” to
another element, it may be “directly connected” to the other
element or “electrically connected” to the other element with
intervening elements therebetween. It will be further under-
stood that when a part “includes” or “comprises” an element,
unless otherwise defined, the part may further include other
elements, not excluding the other elements.

[0052] Also, the term “object” used herein may refer to a
living object or a non-living object. Also, the object may refer
to a body part of a human or an animal. For example, the
object may include an organ such as the liver, heart, womb,
brain, breast, or stomach, or a fetus. Also, the term “user” used
herein may refer to, butis not limited to, a medical expert such
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as a medical doctor, a nurse, a clinical pathologist, a sonog-
rapher, or a medical image expett.

[0053] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

[0054] FIG. 1isa conceptual view for explaining a method
of obtaining Doppler data of an object by using a probe in a
general ultrasound system.

[0055] The Doppler effect is used in medical ultrasonogra-
phy to detect a moving reflector (for example, red cells
included in blood that flows through a blood vessel), and is
also used to characterize and measure a bloodstream. As
shown in FIG. 1, due to the Doppler effect, a difference occurs
between a frequency fo of an ultrasound signal that is trans-
mitted by a probe 101 and a frequency fr ofan echo signal that
is received by the probe 101. The difference between the
frequency fo of the ultrasound signal that is transmitted by the
probe 1010 and the frequency fr of the echo signal that is
received by the probe 101 is referred to as a Doppler deflec-
tion frequency fd.

[0056] The Doppler deflection frequency fd is proportional
to a velocity of the reflector that reflects the ultrasound signal,
and is also proportional to a cosine value of an angle 0
between a direction in which the echo signal reflected from
the reflector is received and a direction in which the reflector
moves.

[0057] In detail, the Doppler deflection frequency fd may
be defined as follows.

Qfpeost i

c

fa=tfi-fo=

[0058] In Equation 1, fo is a transmission frequency, fris a
reception frequency, v is a velocity of a reflector, and ¢ is a
sound velocity in a living body, 0 is a Doppler angle (or an
angle at which an ultrasound signal is incident), and is an
angle between a direction in which an echo signal reflected
from a reflector is received and a direction in which the
reflector moves. The Doppler angle 6 may be input by a user
or a measured by a probe.

[0059] The general ultrasound system generates Doppler
data of the object by using the echo signal received by the
probe 101. The Doppler data of the object includes informa-
tion about a movement of the reflector that moves in the
object. The information about the movement of the reflector
may include a relative velocity of the reflector with respect to
the probe 101.

[0060] In detail, the general ultrasound system obtains the
relative velocity v of the reflector with respect to the probe
101 that receives the ultrasound signal by using the echo
signal. The relative velocity v of the reflector may be obtained
according to Equation 1 based on the Doppler deflection
frequency fd and the Doppler angle 0. The ultrasound signal
ofthe transmission frequency fo thatis already known may be
transmitted, and the reception frequency fr of the ultrasound
signal that is received from the reflector in response to the
transmitted ultrasound signal may be detected. The Doppler
deflection frequency fd may be calculated based on the trans-
mission frequency fo and the reception frequency fr. Accord-
ingly, assuming that the sound velocity ¢ is constant in Equa-
tion 1, the relative velocity v of the reflector may be calculated
by measuring the Doppler deflection frequency fd and cos 6.
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[0061] The general ultrasound system may generate a color
Doppler image to which at least one color selected according
to the information about the movement of the reflector is
allocated. For example, the general ultrasound system may
store a color map in which a plurality of colors are mapped to
a plurality of relative velocities. The general ultrasound sys-
tem may extract from Doppler data a relative velocity of a
predetermined region of the object corresponding to each
pixel of the Doppler image, and may generate a color Doppler
image by allocating at least one color that is selected based on
the extracted relative velocity and the stored color map to
each pixel.

[0062] A color image that is to overlap with a black-and-
white image of the object may be provided in a color Doppler
mode of the general ultrasound system that provides the color
Doppler image. For example, the general ultrasound system
may display the color Doppler image on a corresponding area
of ablack-and-white brightness (B) mode image ofthe object.
That is, the color Doppler image (for example, a color Dop-
pler image displaying a velocity of the blood flowing in the
blood vessel) corresponding to the part of the object may be
displayed on an area of a B mode image corresponding to a
part (for example, the inside of a blood vessel in which blood
flows) of the object that moves.

[0063] For example, the color Doppler image may express
a direction and a velocity of a bloodstream that flows in the
object. The color Doppler image may express a direction of
the bloodstream by using a color, and may also express a
velocity of the bloodstream by using a luminance.

[0064] FIGS. 2A and 2B are color Doppler images that are
provided by the general ultrasound system of FIG. 1.

[0065] In FIGS. 2A and 2B, an image 210 is a B mode
image of the object, an arrow 201 indicates an actual direction
of the bloodstream that flows in the object, and images 212
and 214 are color Doppler images. The arrow 201 and arrows
203 and 205 are not shown in a general color Doppler image,
but are shown herein for a better understanding of the present
invention.

[0066] AsshowninFIG. 2A, the general ultrasound system
may provide the color Doppler images 212 and 214 that
include information about the bloodstream that flows in the
object by using at least one color. The general ultrasound
system may display the color Dopplerimages 212 and 214 on
an area corresponding to the bloodstream of the B mode
image 210 as shown in FIG. 2A.

[0067] The general ultrasound system provides a color
Doppler image that expresses a relative velocity of the blood-
stream, based on an upper side of the B mode image 210. As
shown in FIG. 2A, the general ultrasound system may provide
the color Doppler image 212 that expresses the bloodstream
moving toward the probe 101 by using a red color. Also, the
general ultrasound system may provide the color Doppler
image 214 that expresses the bloodstream moving away from
the probe 101 by using a blue color.

[0068] Also, the general ultrasound system does not dis-
play on a screen a color Doppler image of a region of the
object which forms an angle of 90° between the ultrasound
signal transmitted/received by the probe 101 and the blood-
stream. This is because the bloodstream forming the angle of
90° from the ultrasound signal transmitted/received by the
probe 101 has a relative velocity of 0 with respect to the probe
101.

[0069] As described above, since the arrow 201 that indi-
cates the actual direction of the bloodstream flowing in the
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object is not actually shown on the color Doppler image
displayed by the general ultrasound system, the user predicts
a direction of the bloodstream based on at least one color
expressed by the color Doppler image.

[0070] The user may determine based on the color Doppler
image 212 that is shown in red that the direction of the
bloodstream corresponding to the color Doppler image 212 is
a direction in which the bloodstream moves toward the upper
side of the B mode image 210 as indicated by the arrow 203.
Also, the user may determine based on the color Doppler
image 214 that is shown in blue that the direction of the
bloodstream corresponding to the color Doppler image 214 is
a direction in which the bloodstream moves away from the
upper side of the B mode image 210 as indicated by the arrow
205.

[0071] Asshownin FIG. 2A, the general ultrasound system
provides to the user a color Doppler image expressing a
relative velocity of a bloodstream based on an upper side of an
image. Accordingly, when the user manipulates the color
Doppler image (for example, when the user rotates or
expands the color Doppler image), the user has difficulties in
recognizing a direction of the bloodstream by using only the
color Doppler image. This is because in the general ultra-
sound system, when the user manipulates the color Doppler
image, the user does not know a reference point with respect
to which the color Doppler image expresses a relative velocity
of the bloodstream. Problems in the use of the general ultra-
sound system will now be explained in detail with reference
to FIG. 2B.

[0072] FIG. 2B illustrates a case where the B mode image
210 and the color Doppler images 212 and 214 of FIG. 2A are
rotated clockwise by 90°.

[0073] When an image is rotated as shown in FIG. 2B, the
user still analyzes the color Doppler images 212 and 214
based on the upper side of the B mode image 210.

[0074] The user may determine that the direction of the
bloodstream corresponding to the color Doppler image 212 is
a direction in which the bloodstream moves toward the upper
side of the B mode image 210 as indicated by an arrow 207.
Also, the user may determine based on the color Doppler
image 214 that is shown in blue that the direction of the
bloodstream corresponding to the color Doppler image 214 is
a direction in which the bloodstream moves away from the
upper side of the B mode image 210 as indicated by an arrow
209.

[0075] Accordingly, the direction of the bloodstream rec-
ognized by the user by using the color Doppler images 212
and 214 of FIG. 2B is different from the actual direction of the
bloodstream indicated by the arrow 201. As shown in FIG.
2B, according to the general ultrasound system, when the user
manipulates a color Doppler image, the user may not obtain
accurate information about a movement of a bloodstream.
That 1s, there is a difference between an actual direction of the
bloodstream and a direction of the bloodstream recognized by
the user by using the color Doppler image.

[0076] Inparticular, when a second user loads a color Dop-
pler image that is stored after being manipulated by a first
user, the second user may have difficulties in intuitively rec-
ognizing a direction ofa bloodstream expressed by the loaded
color Doppler image.

[0077] Considering the problems ofa conventional method
of displaying a color Doppler image which expresses a rela-
tive velocity of a bloodstream with respect to a position of a
probe based on an upper side of a screen when Doppler data
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is obtained, the present invention provides a method and
apparatus for displaying an ultrasound image which enables a
user to recognize an accurate direction of a bloodstream.
[0078] In detail, the method and apparatus of the present
invention may display a color Doppler image and a sound
source marker that indicates a reference point of the color
Doppler image. Also, the method and apparatus of the present
invention may provide a color Doppler image that shows
information about a bloodstream via a simple manipulation
by processing Doppler data and generating a color Doppler
image from the processed Doppler data based on geometry
transformation of the color Doppler image.

[0079] FIGS. 3A and 3B are block diagrams illustrating an
apparatus 300 for displaying an ultrasound image, according
to an embodiment of the present invention.

[0080] As shown in FIG. 3A, the apparatus 300 includes a
data obtainer 310, a processor 330, and a display 320.
[0081] The apparatus 300 of FIGS. 3A and 3B may be of a
carttypeoraportable type. Examples of a portable ultrasound
diagnostic device may include, but are not limited to, a picture
archiving and communication system (PACS) viewer, a smart
phone, a laptop computer, a personal digital assistant (PDA),
and a tablet PC.

[0082] The data obtainer 310 obtains Doppler data of an
object. The Doppler data obtained by the data obtainer 310
may be data that is generated by transmitting an ultrasound
signal to the object and receiving an echo signal reflected
from the object by using a probe. The Doppler data may
include information about a movement (for example, the flow
of blood in the object) of at least a part of the object. For
example, the information about the movement may include a
velocity and a direction of the movement.

[0083] For example, the data obtainer 310 may include the
probe so that the probe transmits/receives an ultrasound sig-
nal to/from the object.

[0084] The probe may transmit the ultrasound signal to the
object, and may receive an echo signal reflected from the
object in response to the ultrasound signal. The probe may
transmit the ultrasound signal to the object according to a
driving signal that is applied to the probe, and may receive the
echo signal reflected from the object.

[0085] The probe includes a plurality of transducers, and
the plurality of transducers oscillate according to an electrical
signal transmitted thereto and generate ultrasound signals.
Also, the probe may be wirelessly or wiredly connected to a
main body of the apparatus 300, and the apparatus 300 may
include a plurality of the probes according to its type.
Examples of the data obtainer 310 of FIGS. 3A and 3B may
include a 1D probe, a 1.5 D probe, and a matrix 2D probe.
[0086] The ultrasound signal transmitted from the probe
may be a defocused ultrasound signal or a focused ultrasound
signal. That is, examples of the ultrasound signal (ultrasound
beam) transmitted from the probe include a general focused
ultrasound beam whose focal point is located inside an imag-
ing area, a broad ultrasound beam whose a focal point is
located outside an imaging area, a plane-wave ultrasound
beam whose focal point is located at an infinite distance, and
a virtual apex ultrasound beam whose focal point is located
behind a surface of an ultrasound probe.

[0087] For example, the probe include in the data obtainer
310 of FIGS. 3A and 3B may transmit the ultrasound signal
that is a plane-wave signal to the object, and may receive the
echo signal reflected from the object in response to the trans-
mitted ultrasound signal. A method of quickly obtaining Dop-
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pler data of a wide region of the object by using an ultrasound
signal that is a plane-wave signal is referred to as an ultrafast
Doppler imaging method.

[0088] The data obtainer 310 may further include a data
generater that obtains the Doppler data from the echo signal
received from the probe. In this case, the data obtainer 310
may obtain real-time Doppler data from the object by con-
tinuously transmitting the ultrasound signal to the object and
receiving the echo signal, and may output the obtained real-
time Doppler data to the processor 330.

[0089] Alternatively, the data obtainer 310 may receive
from the outside the Doppler data of the object, or may obtain
the Doppler data from a storage unit (not shown) that is
disposed inside the data obtainer 310. The data obtainer 310
may obtain the Doppler data from an external device that is
wirelessly or wiredly connected to the apparatus 300.
[0090] Thedisplay 320 displays a sound source markerata
first position on a screen.

[0091] The sound source marker is an icon indicating a
sound source that transmits the ultrasound signal to the object
and receives the echo signal in order to obtain a color Doppler
image. The sound source marker according to an embodiment
of the present invention may indicate a position and a direc-
tion which is a basis for identifying the color Doppler image
by being displayed on the screen along with the color Doppler
image. The sound source marker may be an icon including at
least one of a text, a figure, and an image. For example, the
sound source maker may be anicon having a probe-like shape
or an icon having an arrow shape in order to be intuitively
recognized by a user.

[0092] The display 320 further displays a first color Dop-
pler image along with the sound source marker. In this case,
the first color Doppler image is a color Doppler image that is
generated by the processor 330 in consideration of the first
position. Also, the display 320 may display a second color
Doppler image that is generated based on geometry transfor-
mation of the first color Doppler image or a movement of the
sound source marker. The processor 330 may generate the
first color Doppler image by using first Doppler data that is
obtained by the data obtainer 310. In this case, the processor
330 may generate the first color Doppler image in consider-
ation of the first position of the sound source marker dis-
played on the screen.

[0093] The processor 330 may generate the color Doppler
image by performing scan conversion on the generated Dop-
pler data.

[0094] Also, the processor 330 may generate an ultrasound
image of any of various modes in addition to the Doppler
image. The ultrasound image may include at least one of an
amplitude (A) mode image, a B mode image, and a motion
(M) mode image. Also, the processor 330 may generate vol-
ume data by processing the echo signal. and may generate a
three-dimensional (3D) ultrasound image by performing vol-
ume rendering on the volume data. Also, the processor 330
may further generate an elasticity image that images a degree
of deformation of the object according to pressure, and may
express various pieces of additional information via text or
graphics on the ultrasound image.

[0095] The processor 330 may generate the sound source
marker that is displayed on the screen along with the first
color Doppler image. The sound source marker that is gener-
ated by the processor 330 may be displayed at the first posi-
tion on the screen. In this case, the first position may be
determined based on a value that is previously stored in the
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first Doppler data that is used to generate the first color Dop-
pler image or may be determined by the uset’s input. For
example, the first position may be a position on the screen
indicating an angle between a direction in which a blood-
stream flows in the object and a direction in which the probe
receives the echo signal, when the probe transmits the ultra-
sound signal to the object and receives the echo signal in order
to generate the Doppler data.

[0096] The processor 330 may update and display the color
Dopplerimage based on geometry transformation ofthe color
Doppler image or a movement of the sound source marker.
[0097] Forexample, the processor 330 may move, based on
the user’s input that is received by a user input device 340, the
sound source marker that is displayed at the first positionto a
second position. The processor 330 may generate a second
color Doppler image based on the movement of the sound
source marker.

[0098] Alternatively, the processor 330 may transform a
geometry of the first color Doppler image based on the user’s
input that is received by the user input device 340. When the
processor 330 transforms the geometry of the first color Dop-
pler image, the processor 330 may perform at least one of a
movement, an expansion, a contraction, and a rotation of the
first color Doppler image on the screen. The processor 330
may generate the second color Doppler image based on the
geometry transformation of the first color Doppler image.
[0099] The apparatus 300 of FIGS. 3A and 3B may display
the sound source marker, and may generate and display the
color Doppler image in consideration of a position at which
the sound source marker is displayed.

[0100] Alternatively, the apparatus 300 may display the
color Doppler image, and may display the sound source
marker at a position corresponding to the color Doppler
image. The position corresponding to the color Doppler
image may be a position indicating an angle between the
direction in which the bloodstream flows in the object and the
direction in which the probe receives the echo signal.

[0101] The display 320 may display the sound source
marker at a position on the screen corresponding to a position
in an actual space of the probe that transmits/receives the
ultrasound signal in order to generate the Doppler data. Since
the apparatus 300 of FIGS. 3A and 3B provides the first color
Doppler image and the sound source marker on the screen, the
user may interpret the first color Doppler image based on the
sound source marker, and may know a relative velocity of the
bloodstream.

[0102] Also, the display 320 may display the sound source
marker that is moved from the first position to the second
position. The display 320 may display the second color Dop-
pler image that is generated based on the movement of the
sound source marker.

[0103] Also, the display 320 may display the first color
Doppler image whose geometry is transformed. The display
320 may display the second color Doppler image that is
generated based on the geometry transformation of the first
color Doppler image.

[0104] The display 320 may display and output various
pieces of information processed by the apparatus 300 as well
as the color Doppler image on the screen through a graphic
user interface (GUI). The apparatus 300 may include two or
more displays 320 according to its type.

[0105] Asshown in FIG. 3B, the apparatus 300 may further
include a user input device 340.

May 21,2015

[0106] The user input device 340 inputs the user’s input.
The user input device 340 refers to a device by which the user
inputs data for controlling the apparatus 300. Examples ofthe
user input device 340 may include, but are not limited to, a
keypad, a dome switch, a touchpad (e.g., a contact capacitive
type, a pressure resistive overlay type, an infrared beam type,
a surface acoustic wave type, an integral strain gauge type, or
a piezoelectric type), a jog wheel, and a jog switch. Also, a
touchpad that is layered with a display panel of the display
320 may be referred to as a touch screen.

[0107] The user input device 340 may receive the user’s
input for moving the sound source marker displayed on the
screen. Also, the user input device 140 may receive the user’s
input for transforming the geometry of the first color Doppler
image displayed on the screen.

[0108] The processor 330 may generate the second color
Doppler image, based on the user’s input for transforming the
geometry of the first color Doppler image or the user’s input
for moving the sound marker, and may display the second
color Doppler image instead of the first color Doppler image.

[0109] As described above, since the apparatus 300 of
FIGS. 3A and 3B displays the sound source marker along
with the color Doppler image on the screen, a position and a
direction which become a basis for identifying the color Dop-
pler image may be provided to the user by using the sound
source marker. The user may recognize an accurate direction
of the bloodstream expressed by the color Doppler image by
interpreting the color Doppler image based on the sound
source marker.

[0110] Also, since the apparatus 300 of FIGS. 3A and 3B
updates and displays the color Doppler image based on the
geometry transformation of the color Doppler image or the
movement of the sound source marker, the user may intu-
itively recognize information about the bloodstream in a
desired view.

[0111] Theterm “view” may refer to a method by which the
apparatus 300 displays an image of the object on the screen in
order to diagnose an anatomical disorder of the object or
analyze a movement of the object. There may be various
views according to which cross-section image of the object is
displayed on the screen or according to how many cross-
sectional images of the object are displayed on the screen. For
example, in order to diagnose the heart, examples of a stan-
dard diagnosis view recommended by the Heart Association
may include a long-axis view, a short-axis view, and a four-
chamber view.

[0112] A conventional ultrasound system provides a color
Doppler image that depends on a spatial location of a probe.
Accordingly, according to the conventional ultrasound sys-
tem, a user has to inconveniently move the probe in order to
display a color Doppler image where information about a
bloodstream is well shown in a desired view.

[0113] However, according to the present embodiment, the
Doppler data is processed based on the geometry transforma-
tion of the color Doppler image or the movement of the sound
source marker and the color Doppler image is generated from
the processed Doppler data. Thus, according to the present
embodiment, the color Doppler image where information
about the bloodstream is well shown may be provided via a
simple manipulation.

[0114] A method performed by the apparatus 300 of FIGS.
3A and 3B to display an ultrasound image will now be
explained in detail with reference to FIGS. 4A and 4B.
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[0115] FIGS. 4A and 4B are flowcharts of methods of dis-
playing an ultrasound image, according to embodiments of
the present invention.

[0116] In operation S410, the apparatus 300 obtains Dop-
pler data of an object. The Doppler data obtained by the
apparatus 300 is data that is generated by transmitting an
ultrasound signal to the object and receiving an echo signal
reflected from the object by using a probe.

[0117] Theapparatus 300 may include a probe which trans-
mits the ultrasound signal to the object and receives the echo
signal from the object and generate the Doppler data. Accord-
ingly, the apparatus 300 may generate real-time Doppler data
by continuously transmitting/receiving the ultrasound signal
to/from the object. The term “real time Doppler data” regard-
ing data generated and output at the same velocity as a veloc-
ity at which a state of the object, such as a movement of the
object, is changed refers to Doppler data including a plurality
of continuous image frames according to time.

[0118] Alternatively, the apparatus 300 may obtain the
Doppler data from receiving the Doppler data that is previ-
ously stored from the outside or from a memory that is dis-
posed in the apparatus 300.

[0119] In operation S420, the apparatus 300 displays a
sound source marker at a first position on a screen.

[0120] The sound source marker is an icon indicating a
sound source that transmits/receives the ultrasound signal
to/from the object in order to obtain a color Doppler image.
For example, as shown in FIGS. 6A, 6B, 7A, and 7B, the
sound source marker may include an image having an ultra-
sound probe-like shape. However, the present embodiment is
not limited thereto, and the sound source marker may include
a figure such as an arrow or may include text indicating a
position or a direction on the screen.

[0121] As will be described below with reference to FIG.
4B, the sound source marker may be used to receive a user’s
input for updating the color Doppler image. The user may
input to the apparatus 300 a command for changing a first
color Doppler image that is displayed to a second color Dop-
pler image.

[0122] The apparatus 300 may determine the first position
on the screen based on a value that is previously stored or the
user’s input, and may display the sound source marker at the
determined first position. The value that is previously stored
used to determine the first position may be, for example, a
default value that is stored in the apparatus 300, or a value that
is stored in the Doppler data that is obtained in operation
S410.

[0123] In operation S430, the apparatus 300 generates and
displays the first color Doppler image from first Doppler data
in consideration of the first position.

[0124] In FIGS. 4A and 4B, the apparatus 300 may gener-
ate second Doppler data from the first Doppler data based on
a result of comparison between the first position and a refer-
ence position on the screen. The apparatus 300 may generate
the first color Doppler image from the generated second Dop-
pler data. The reference position may be a position that is
determined based on the user’s input, or a position that is
previously stored in the apparatus 300. For example, the
reference position may be a center of a top surface of an area
where the color Doppler image is to be displayed.

[0125] In detail, the apparatus 300 may obtain an angle
between a line that connects the reference position and a
predetermined point on the screen and a line that connects the
first position and the predetermined point. The apparatus 300
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may generate the second Doppler data by correcting the first
Doppler data based on the obtained angle. In this case, the
predetermined point on the screen may be determined based
on the user’s input, or may be determined by a value that is
previously stored in the apparatus 300. For example, the
apparatus 300 may determine a center of the screen or a center
of the color Doppler image as the predetermined point.
[0126] For example, the apparatus 300 may correct, by
using the following equations, the first Doppler data based on
aresult of comparison between the reference position and the
first position of the sound source marker.

[0127] First, a relative velocity V, of a bloodstream that
flows in the object, included in the first Doppler data may be
defined by Equation 2. Equation 2 may be derived from
Equation 1 that is related to the Doppler effect.
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[0128] InEquation 2, fo is a transmission frequency, fd is a
Doppler deflection frequency, and ¢ is a sound velocity. A
Doppler angle 0 refers to an angle between a direction in
which an echo signal reflected from a reflector is received and
a direction in which the reflector moves. The Doppler angle 6
may be a value that is input by the user or a value that is
measured by the probe.

[0129] In FIGS. 4A and 4B, the apparatus 300 may com-
pare the first position of the sound source marker with the
reference position on the screen, and may obtain a correction
angle for correcting the color Doppler data. For example, the
apparatus 300 may obtain, but is not limited to, an angle
between the line that connects the reference position and the
predetermined point on the screen and the line that connects
the predetermined point and the first connection as the cor-
rection angle.

[0130] When the obtained correction angle is 6., a rela-
tive velocity V, of the bloodstream included in the second
Doppler data that is generated by correcting the first Doppler
data may be derived according to Equation 3 from the relative
velocity V, of the bloodstream included in the first Doppler
data.
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[0131] InEquation 3, fo is a transmission frequency, fd is a
Doppler deflection frequency, and ¢ is a sound velocity. A
Doppler angle 0 refers to an angle between a direction in
which the echo signal reflected from the reflector is received
and a direction in which the reflector moves. The Doppler
angle 6 may be a value that is input by the user, or a value that
is measured by the probe. V| is a relative velocity of the
bloodstream that is included in the first Doppler data.

[0132] Also, in FIGS. 4A and 4B, the apparatus 300 may
correct an error by using interpolation processing when gen-
erating the color Doppler image from the Doppler data. That
is, when the Doppler angle is equal to or greater than 60°, a
displacement of a cos curve according to a change of the
Doppler angle is greater than that when the Doppler angle is
less than 60°. Accordingly, when the Doppler angle at which
the ultrasound signal is incident on the predetermined point of
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the object is equal to or greater than a predetermined angle
(for example, 60°), the apparatus 300 may correct an error of
an obtained velocity value corresponding to the predeter-
mined point by using velocity values corresponding to neigh-
borhood points around the predetermined point. For example,
the apparatus 300 may determine a velocity value that is
calculated by interpolating the velocity values around the
predetermined point as a velocity value of the predetermined
point.

[0133] When the Doppler angle at which the ultrasound
signal is incident on the predetermined point of the object is
90°, a relative velocity of the predetermined point is 0.
Accordingly, a color Doppler image of the predetermined
point does not have any color. In this case, in order to deter-
mine whether blood flows in the predetermined point (that is,
in order to determine whether blood does not flow in the
predetermined point and flows at 90° with respect to the
ultrasound signal), power data including information about
the amount of the bloodstream may be used.

[0134] Theapparatus 300 according to the present embodi-
ment may detect a region in the object where blood flows in
consideration of the power data, may generate a color Dop-
pler image of the region where the blood is detected to flow,
and may display the color Doppler image on the screen. The
apparatus 300 may display a plurality of color Doppler
images of a plurality of cross-sections of the object. The
apparatus 300 may display a plurality of color Doppler
images of preset standard cross-sections of the object. For
example, the apparatus 300 may display color Doppler
images showing a coronal plane, a sagittal plane, and an axial
plane of the object.

[0135] The apparatus 300 may output a plurality of areas
that may display a plurality of Doppler images to the screen.
The apparatus 300 may display one of a plurality of sound
source markers at a predetermined position of each of the
plurality of areas. The apparatus 300 may generate and dis-
play a plurality of color Doppler images of a plurality of
cross-sections of the object based on the predetermined posi-
tion of each area where each of the plurality of sound source
markers is displayed. Alternatively, the apparatus 300 may
display a plurality of color Doppler images in a plurality of
areas of the screen, and may display a sound source marker in
each of the areas corresponding to each of the color Doppler
images.

[0136] Also, the apparatus 300 may generate and display a
3D B mode image of at least a part of the object based on
volume data of the object. The apparatus 300 may display a
first color Doppler image on the 3D B mode image that is
displayed on the screen. The volume data that is used to
generate the 3D B mode image may be ultrasound volume
data that is obtained by using the probe.

[0137] FIGS. 6A and 6B are views illustrating a color Dop-
pler image and a sound source marker 620 that are displayed,
according to an embodiment of the present invention.

[0138] In FIGS. 6A and 6B, an image 610 is a B mode
image of an object, an arrow 601 is an actual direction of a
bloodstream that flows in the object, and images 612, 614,
622, and 624 are color Doppler images. The arrow 601 and
arrows 603, 605, and 607 may not be shown on a screen, but
are shown herein for a better understanding of the present
invention. Also, in FIGS. 6A and 6B, it is assumed that a
center ofa top surface of the image 610 is a reference position.
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However, the present embodiment is not limited thereto, and
any of various positions on the screen may be determined as
the reference position.

[0139] AsshowninFIG. 6A, the apparatus 300 of FIGS. 6A
and 6B may display the sound source marker 620 at a first
position, and may display the color Doppler images 612 and
614 that are first color Doppler images generated in consid-
eration of the first position.

[0140] The apparatus 300 may generate second Doppler
data by correcting first Doppler data based on a result of
comparison between the first position of the sound source
marker 620 and the reference position on the screen. In detail,
the apparatus 300 may obtain an angle between a line that
connects the reference position and a predetermined point on
the screen and a line that connects the predetermined point
and the first position, and may generate the second Doppler
data by correcting the first Doppler data based on the obtained
angle. Although it is assumed in FIGS. 6A and 6B that a
center of the image 610 of the object is the predetermined
point on the screen, the present embodiment is not limited
thereto.

[0141] As described above, since the arrow 601 indicating
the actual direction of the bloodstream that flows the object is
not actually shown on a color Doppler image that is displayed
by an ultrasound system, a user predicts a direction of the
bloodstream based on a position of the sound source marker
620 and a color of the color Doppler image.

[0142] The user may determine that a direction of the
bloodstream of an area where the color Doppler image 612 is
shown in red is a direction in which the bloodstream moves
toward the sound source marker 620 as indicated by the arrow
603. Also, the user may determine that a direction of the
bloodstream of an area where the color Doppler image 614 is
shown in blue is a direction in which the bloodstream moves
away from the sound source marker 620 as indicated by the
arrow 605.

[0143] AsshowninFIG. 6A, the apparatus 300 may display
a position that becomes a basis of a relative velocity of the
bloodstream expressed by a Doppler image by using the
sound source marker 620 that has a probe-like shape. Alter-
natively, the apparatus 300 may display a transmission direc-
tion of an ultrasound beam that becomes a basis of a relative
velocity ofthe bloodstream expressed by a Doppler image by
using an arrow 625.

[0144] Herein, in the color Doppler image displayed by the
apparatus 300, the bloodstream that moves toward a reference
point is shown in red, and the bloodstream that moves away
from the reference point is shown in blue. However, the
present embodiment is not limited thereto, and a color allo-
cated to each color Doppler image may be changed.

[0145] Inanembodimentofthe present invention, the appa-
ratus 300 may map a velocity of the bloodstream to each of
various colors and may store the velocity. The apparatus 300
may allocate a color corresponding to each calculated veloc-
ity of the bloodstream to the color Doppler image. The appa-
ratus 300 may further display a color bar indicating mapping
information between a velocity of the bloodstream and an
allocated color on the screen. Also, the apparatus 300 may
display a direction and a velocity of the bloodstream by using
an arrow having any of various directions and sizes as well as
colors.

[0146] Referring back to FIG. 6A, FIG. 6A illustrates that
the sound source marker 620 is located at the reference posi-
tion. The apparatus 300 may compare the first position of the



US 2015/0141824 Al

sound source marker 620 with the reference position that is
preset, and may determine that the first position and the
reference position are the same according to a result of the
comparison. Accordingly, the apparatus 300 may generate the
first color Doppler image from the first Doppler data without
passing through a separate process of processing the first
Doppler data, based on the result of the comparison.

[0147] FIG. 6B illustrates that the sound source marker 620
is moved clockwise by 90° about the center of the image 610
to be displayed at the first position. The apparatus 300 may
obtain an angle between a line that connects the center of the
image 610 and the reference position and a line that connects
the center of the image 610 and the first position of the sound
source marker 620. The angle obtained in FIG. 6B is 90°. The
apparatus 300 may generate the second Doppler data by cor-
recting the first Doppler data based on the obtained angle. The
apparatus 300 may generate and display a first Doppler data
image 616 from the second Doppler data.

[0148] InFIG. 6B, the user may determine that a direction
of the bloodstream corresponding to the color Doppler image
622 to which a red color is allocated is a direction in which the
bloodstream moves toward the sound source marker 620, that
is, moves from the left to the right on the screen, as indicated
by the arrow 607.

[0149] As described above, in FIGS. 6A and 6B, the appa-
ratus 300 may correct and output the Doppler data to display
the color Doppler image that well shows bloodstream infor-
mation without physically moving a probe that obtains real-
time Doppler data ofthe object. Accordingly, in FIGS. 6A and
6B, the user using the apparatus 300 may select and receive
the color Doppler image in which the bloodstream informa-
tionis best shown in a desired view viaa simple manipulation,
without physically moving the probe.

[0150] Inanembodiment of the present invention, the appa-
ratus 300 may update and display the color Doppler image
based on geometry transformation of the color Doppler image
or a movement of the sound source marker 620. A method
performed by the apparatus 300 to display an ultrasound
image will now be explained in detail with reference to FIG.
4B.

[0151] As shown in FIG. 4B, the method may further
include updating and displaying the color Doppler image
based on geometry transformation of the color Doppler image
or amovement of the sound source marker. Also, althoughnot
shown in FIG. 4B, the apparatus 300 may update bloodstream
information indicated by the color Doppler image by further
using at least one of power data including information about
the amount of the bloodstream and Doppler data of a periph-
eral area around a predetermined area of the color Doppler
image.

[0152] Inanembodimentofthe present invention, the appa-
ratus 300 may reconstruct the color Doppler image based on
a transformed geometry of the color Doppler image, a posi-
tion of the sound source marker, and the Doppler data.
Accordingly, the bloodstream that is not shown on the screen
because an angle between the bloodstream and the ultrasound
signal that is transmitted/received from the probe is 90° may
also be displayed. Also, the apparatus 300 in FIG. 4B may
check a flow and connection of the bloodstream which may
not be checked in an original color Doppler image according
to the movement of the sound source marker by using the
updated color Doppler image.

[0153] Also, the apparatus 300 of an embodiment of the
present invention may be used to generate the color Doppler
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image by further using the power data as well as color data
included in the Doppler data. The color data included in the
Doppler data indicates a velocity and a direction of the blood-
stream, and the power data included in the Doppler data
indicates the amount of the bloodstream. That is, the power
data includes information about an amplitude of an echo
signal based on the transmitted ultrasound signal, and the
amplitude of the echo signal increases as a density of the
bloodstream increases.

[0154] When an angle between a direction in which the
probe transmits ultrasound signals or receives echo signals
and a direction in which the bloodstream flows is about 90°,
asensitivity of the color datais very low. Accordingly, data for
generating the color Doppler image of an area where an angle
between a direction in which the probe transmits/receives
ultrasound and a direction in which the bloodstream flows is
about 90° may be insufficient. Hence, the apparatus 300 in
FIG. 4B may provide bloodstream information by using the
power data for an area where the sensitivity of the color data
is very low.

[0155] Inoperation S441, the apparatus 300 may move the
sound source marker displayed at the first position to a second
position based on the user’s input. The apparatus 300 may
move the sound source marker from the first position to the
second position along a predetermined path on the screen.
[0156] FIGS. 9A and 9B are views illustrating movement
paths of a sound source marker 920 that is moved on a screen,
according to embodiments of the present invention.

[0157] The apparatus 300 may move the sound source
marker 920 along a path that is previously set around a color
Doppler image. As shown in FIG. 9A, the apparatus 300 may
move the sound source marker 920 along a predetermined
path 930 around an image 910 of an object that is displayed on
a screen. The apparatus 300 may move the sound source
marker 920 based on a user input value through, for example,
amouse or a track ball.

[0158] Although the sound source marker 920 is moved
around the image 910 having a quadrangular shape in FIG.
9A, the present embodiment is not limited thereto. For
example, the sound source marker 920 may be moved alonga
circular path that is set based on a predetermined point on the
image 910. In this case, the apparatus 300 may receive an
angle by which the sound source marker 920 is to be moved
along a desired path, and may move the sound source marker
920 to a position corresponding to the received angle.
[0159] Also, as shown in FIG. 9B, the apparatus 300 may
move the sound source marker 920 to an arbitrary position on
the image 910 based on the user’s input. As indicated by an
arrow 940 of FIG. 9B, the user may move the sound source
marker 920 to a desired position on the image 910 as well as
a peripheral area around the image 910.

[0160] In operation S443, the apparatus 300 in FIG. 4B
may generate and display a second color Doppler image
based the movement of the sound source marker.

[0161] For example, the apparatus 300 may obtain a first
angle between adirection ofthe bloodstream expressed by the
first color Doppler image and a reception direction of the
ultrasound signal indicated by the sound source marker at the
first position in order to generate the second color Doppler
image.

[0162] Next, the apparatus 300 may obtain a second angle
between the direction of the bloodstream expressed by the
first color Doppler image and the reception direction of the
ultrasound signal indicated by the sound source marker at the
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second position. The apparatus 300 may generate the second
color Doppler image by correcting the first color Doppler
image based on a difference between the first angle and the
second angle.

[0163] Alternatively, the apparatus 300 may generate the
second color Doppler image by correcting the first color
Doppler image based on a result of the comparison between
the first position and the second position. In detail, the appa-
ratus 300 may obtain an angle between a line that connects the
first position and a predetermined point on the screen and a
line that connects the predetermined point and the second
position. The apparatus 300 may generate the second color
Doppler image by correcting the first color Doppler image
based on the obtained angle. In this case, the predetermined
point on the screen may be determined based on the user’s
input, or may be determined by a value that is previously
stored in the apparatus 300. For example, the apparatus 300
may determine a center of the screen or a center of a color
Doppler image as the predetermined point. For example, in
order to generate the second color Doppler image by correct-
ing the first color Doppler image based on the obtained angle,
the method of correcting the color Doppler data described
with reference to Equation 3 may be used.

[0164] As shown in FIG. 9A, the apparatus 300 may gen-
erate and display a second color Doppler image instead of first
color Doppler images 912 and 914, as the sound source
marker 920 is moved along a predetermined path 930. That is,
the apparatus 300 may generate the second color Doppler
image by allocating to a color Doppler image at least one
color selected based on a relative velocity of the bloodstream
that is newly calculated according to the movement of the
sound source marker 920. The relative velocity of the blood-
stream that varies according to the movement of the sound
source marker 920 may be calculated by using Equations 1
through 3.

[0165] As shown in FIG. 9B, the apparatus 300 may gen-
erate, based on a position of the sound source marker 920, the
second color Doppler image by using only at least a part of
Doppler data.

[0166] As shown in FIG. 9B, when the probe is located
inside a blood vessel, the apparatus 300 may predict that only
Doppler data of at least a portion of the blood vessel may be
obtained. The apparatus 300 may generate color Doppler
images 922 and 924 of FIG. 9B, based on the Doppler data
that is predicted to be obtained. Accordingly, according to the
present embodiment, the apparatus 300 may more intuitively
provide bloodstream information to the user by displaying the
bloodstream information expressed by the color Doppler
image by using the sound source marker.

[0167] In operation S451, the apparatus 300 in FIG. 4B
may transform a geometry of the first color Doppler image
based on the user’s input. The geometry transformation refers
to at least one of a movement, an expansion, a contraction,
and a rotation of an image on the screen.

[0168] In operation S453, the apparatus 300 in FIG. 4B
may generate and display the second color Doppler image
based on the geometry transformation of the first color Dop-
pler image.

[0169] For example, in order to generate the second color
Doppler image by correcting the first color Doppler image
based on the geometry transformation of the first color Dop-
pler image, the method of correcting the color Doppler data
described with reference to Equation 3 may be used.
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[0170] FIGS.7A and 7B are views illustrating a color Dop-
pler image and the sound source marker 620 that are dis-
played, according to another embodiment of the present
invention.

[0171] In FIGS. 7A and 7B, an image 710 is a B mode
image of an object, an arrow 701 indicates an actual direction
ofabloodstream that flows in the object, and images 712, 714,
and 716 are color Doppler images. The arrow 701 and arrows
703, 705, and 707 may not be shown on a screen, but are
shown herein for better understanding of the present inven-
tion. Also, in FIGS. 7A and 7B, it is assumed that a center of
a top surface of the image 610 of the object is a reference
position. However, the present embodiment is not limited
thereto, and any of various positions on the screen may be
determined as the reference position.

[0172] FIG. 7A illustrates that the first color Doppler image
616 and the image 610 of FIG. 6B are rotated clockwise by
90° due to a user’s manipulation.

[0173] As shown in FIG. 7A, when the first color Doppler
image 616 of FIG. 6B is rotated clockwise by 90°, the appa-
ratus 300 may generate and display the color Doppler images
712 and 714 that are second color Doppler images based on
the rotation of the color Doppler image 616. The color Dop-
pler images 712 and 714 may express a relative velocity of a
bloodstream 701 based on a position of the sound source
marker 620 of FIG. 7A.

[0174] Referring to FIG. 7A, the user may determine that a
direction of the bloodstream expressed by the color Doppler
image 712 to which a red color is allocated is a direction in
which the bloodstream moves toward the sound source
marker 620, that is, the bloodstream flows from the top to the
bottom on the screen, as indicated by the arrow 703.

[0175] Also, referring to FIG. 7A, the user may determine
that a direction of the bloodstream expressed by the color
Doppler image 714 to which a blue color is allocated is a
direction in which the bloodstream moves away from the
sound source marker 620, that is, the bloodstream moves
from the top to the bottom on the screen, as indicated by the
arrow 705.

[0176] Accordingly, the apparatus 300 may provide to the
user an accurate direction of the bloodstream irrespective of
the geometry transformation of the color Doppler image.

[0177] FIG. 7B illustrates that a second color Doppler
image is generated and displayed according to a movemnent of
the sound source marker 620 on the assumption that the color
Doppler images 712 and 714 of FIG. 7A are first color Dop-
pler images.

[0178] Asshown in FIG. 7B, when the sound source marker
620 of FIG. 7A is rotated clockwise by 90° about a center of
the image 710, the apparatus 300 may generate the color
Doppler image 716 that is a second color Doppler image
based on the movement of the sound source marker 620. The
color Doppler image 716 may express a relative velocity of
the bloodstream 701 based on the sound source marker 620 of
FIG. 7B.

[0179] Referring to FIG. 7B, the user may determine that a
direction of the bloodstream corresponding to the color Dop-
pler image 716 to which a blue color is allocated is a direction
in which the bloodstream moves away from the sound source
marker, that is, the bloodstream moves from the top to the
bottom on the screen, as indicated by the arrow 707. Accord-
ingly, in FIG. 7B, a direction of the bloodstream recognized
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by the user by using the color Doppler image 716 of FIG. 7B
is the same as an actual direction of the bloodstream indicated
by the arrow 701.

[0180] AsshowninFIG.7B,since the apparatus 300 recon-
structs the color Doppler image according to the movement of
the sound source marker and displays the reconstructed color
Doppler image on the screen, the bloodstream that is not
displayed in FIG. 7A may be displayed on the screen. The
color Doppler image of FIG. 7B may be displayed at an area
where an angle between a transmission/reception direction of
ultrasound indicated by the sound source marker and a direc-
tion of the bloodstream is 90° and thus the color Doppler
image is not displayed in FIG. 7A.

[0181] According to the present embodiment, the apparatus
300 may gererate and display color Doppler images each
expressing a relative velocity of the bloodstream to the probe
at any of various positions by using Doppler data that is
obtained from one physical position. Accordingly, irrespec-
tive of an actual position of the probe that obtains the Doppler
data, the apparatus 300 may provide a more intuitive color
Doppler image to the user.

[0182] FIG. 8 is a view illustrating a plurality of Doppler
images that are displayed and sound source markers that are
displayed to correspond to the Doppler images, according to
an embodiment of the present invention.

[0183] As shown in FIG. 8, the apparatus 300 may display
a plurality of B mode images 811, 821, and 831 showing a
plurality of cross-sections of an object in a plurality of areas
810, 820, 830, and 840 of a screen. The apparatus 300 may
display color Doppler images 813, 814, 833, and 834 of the
plurality of cross-sections of the object on the plurality of B
mode images 811, 821, and 831.

[0184] Also, the apparatus 300 of FIG. 8 may supporta 3D
mode or a four-dimensional (4D) mode.

[0185] The term “3D mode” refers to a mode in which
spatial information of the object is provided based on volume
data of the object. The term “volume data” refers to a data set
based on voxels. The term “4D mode” refers to a mode in
which temporal information is provided along with spatial
information of the object.

[0186] In the area 840 of FIG. 8, the apparatus 300 may
display a3D B mode image 841 of at least a part of the object,
and may display a color Doppler image 843 on the displayed
3D B mode image 841.

[0187] The apparatus 300 may generate the 3D B mode
image 841 corresponding to sizes of interest region setting
interfaces 815, 825, and 835 on the plurality of B mode
images 811, 821, and 831 indicating the plurality of cross-
sections of the object. That is, a user may generate and display
the 3D B mode image 841 corresponding to the interest region
setting interfaces 815, 825, and 835, by adjusting the sizes of
the interest region setting interfaces 815, 825, and 835 on the
B mode images 811, 821, and 831.

[0188] The apparatus 300 in FIG. 8 may provide a plurality
of sound source markers for a plurality of color Doppler
images.

[0189] Inthearea810of FIG. 8, the apparatus 300 displays
a sound source marker 812 at a position in the area 810. The
apparatus 300 may display the color Doppler images 813 and
814 corresponding to the B mode image 811 on the B mode
image 811 based on the predetermined position at which the
sound source marker 812 is displayed. When geometries of
the B mode image 811 and the color Doppler images 813 and
814 are transformed or the sound source marker 812 is moved
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based on the user’s input, the apparatus 300 may update and
display the color Doppler images 813 and 814.

[0190] In the area 820 of FIG. 8, when a transmission
direction of an ultrasound signal indicated by a sound source
marker 822 and a direction of a bloodstream are perpendicu-
lar to each other, a relative velocity of the bloodstream is 0,
and thus there may be no color Doppler image corresponding
to the B mode image 821. That is, any color Doppler image
may not be displayed on the B mode image 821. In this case,
the apparatus 300 in FIG. 8 may display a color Doppler
image by transforming a geometry of the B mode image 821
or moving the sound source marker 822 based on the user’s
input.

[0191] Inthe area 830 of FIG. 8, the apparatus 300 displays
a sound source marker 832 at a predetermined position. The
apparatus 300 may display the color Doppler images 833 and
834 corresponding to the B mode image 831, on the B mode
image 831, based on the predetermined position at which the
sound source marker 832 is displayed. When geometries of
the B mode image 831 and the color Doppler images 833 and
834 are transformed or the sound source marker 832 is moved
based on the user’s input, the apparatus 300 may update and
display the color Doppler images 833 and 834.

[0192] In the area 840 of FIG. 8, the apparatus 300 may
display the color Doppler image 843 corresponding to the 3D
B mode image 841, on the 3D B mode image 841. The
apparatus 300 displays a sound source marker 842 at a pre-
determined position. The apparatus 300 may generate and
display the color Doppler image 843, based on the predeter-
mined position at which the sound source marker 842 is
displayed. When geometries of the 3D B mode image 841 and
the color Doppler image 843 are transformed or the sound
source marker 842 is moved based on the user’s input, the
apparatus 300 may update and display the color Doppler
image 843.

[0193] Forexample, the apparatus 300 may move the sound
source marker 842 along at least one of an x-axis, a y-axis, and
a z-axis of the 3D B mode image 841 based on the user’s
input. Also, the apparatus 300 may rotate the 3D B mode
image 841, or move the 3D B mode image 841 in a time
domain based on the user’s input. The apparatus 300 may
update and display the color Doppler image 843 based on at
least one of geometry transformation of a color Doppler
image and a movement of a sound source marker.

[0194] The apparatus 300 in FIG. 8 may display a plurality
of Doppler images at a plurality of areas on a screen, and
displays a plurality of sound source markers at a plurality of
positions of the plurality of areas, respectively. The apparatus
300 in FIG. 8 may move a sound source marker regarding to
each of the plurality of Doppler images which correspond to
a plurality of cross-sections of the object. And the apparatus
300 in FIG. 8 may transform a geometry of each of the
plurality of Doppler images corresponding to the plurality of
cross-sections of the object based on the user’s input The user
using the apparatus 300 in FIG. 8 may move a sound source
marker to a desired position for each color Doppler image or
may transform a geometry of the color Doppler image.
Accordingly, the apparatus 300 in FIG. 8 may provide color
Doppler images by which the user may intuitively recognize
bloodstream information of a plurality of cross-sections of
one object.

[0195] The apparatus 300 in FIG. 8 may enable the user to
intuitively recognize bloodstream information in any of vari-
ous views (for example, a standard view where the heart of a



US 2015/0141824 Al

fetus is inspected, a standard diagnosis view recommended
by the Association, or a view with which the user is most
familiar). For example, the apparatus 300 may display a most
appropriate color Doppler image in any of various views by
moving a sound source marker or transforming a geometry of
a displayed color Doppler image. Since the apparatus 300
may provide a direction of a bloodstream by displaying the
most appropriate color Doppler image, the user of the appa-
ratus 300 may intuitively recognize the direction of the blood-
stream in the object.

[0196] According to a general ultrasound system, when a
user manipulates a color Doppler image, the user may not
obtain accurate information about a movement of a blood-
stream. That is, there is a difference between an actual direc-
tion of the bloodstream and a direction of the bloodstream
recognized by the user by using the color Doppler image.
[0197] Inparticular, when a second user loads a color Dop-
pler image that is stored after being manipulated by a first
user, the second user may have difficulties in intuitively rec-
ognizing a direction of a bloodstream expressed by the loaded
color Doppler image.

[0198] However, according to the present embodiment, the
apparatus 300 may provide a color Doppler image which the
user may intuitively read by displaying the color Doppler
image and displaying a sound source marker at a position
corresponding to the color Doppler image.

[0199] FIG. 5 is a flowchart of a method performed by the
apparatus 300 to display an ultrasound image, according to
another embodiment of the present invention.

[0200] In operation S510, the apparatus 300 obtains Dop-
pler data of an object. The Doppler data obtained by the
apparatus 300 is data that is generated by transmitting an
ultrasound signal to the object and receiving an echo signal
reflected from the object by using a probe.

[0201] In operation S520, the apparatus 300 generates a
color Doppler image by using the Doppler data and displays
the color Doppler image on a screen.

[0202] In operation S530, the apparatus 300 displays a
sound source marker at a first position on the screen corre-
sponding to the color Doppler image.

[0203] When the probe transmits/receives the ultrasound
signal to/from the object in order to generate the Doppler
data, the first position corresponding to the color Doppler
image may refer to a position on the screen indicating an
angle between a direction in which a bloodstream flows in the
object and a direction in which the proves receives the ultra-
sound signal. For example, the apparatus 300 may determine
the first position by analyzing the Doppler data or may extract
information included in the Doppler data and may determine
the first data based on the extracted information.

[0204] For convenience of explanation, the present
embodiment will now be explained with reference to FIGS.
6A and 7A.

[0205] As shown in FIG. 6A, the apparatus 300 in FIG. 5
may display the sound source marker 620 at a position cor-
responding to the color Doppler images 612 and 614 that are
first color Doppler images. The position corresponding to the
color Doppler images 612 and 614 may refer to a position that
becomes a basis of a relative velocity of a bloodstream
expressed by the color Doppler images 612 and 614.

[0206] Also, when the image 610 and the color Doppler
images 612 and 614 of FIG. 6A are rotated clockwise by 90°
and stored, the apparatus 300 in FIG. 5 may output a screen as
shown in FIG. 7A.
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[0207] As shown in FIG. 7A, the apparatus 300 in FIG. 5
may display the sound source marker 620 at a position cot-
responding to the color Doppler images 712 and 714. In FIG.
7A, the sound source marker 620 may be displayed at a
position that is rotated clockwise by 90° about a center of the
image 610 in order to correspond to the color Doppler images
622 and 624 that are rotated by 90° and are stored.

[0208] Accordingly, a user in FIG. 7A may know based on
the sound source marker 620 that the color Doppler images
712 and 714 express a relative velocity of the bloodstream
with respect to the sound source marker 620. That is, the user
may determine that a direction of the bloodstream corre-
sponding to the color Doppler image 712 to which a red color
is allocated is a direction in which the bloodstream moves
toward the sound source marker 620, that is, the bloodstream
moves from the left to the right on the screen, as indicated by
the arrow 703. Also, the user may determine thata direction of
the bloodstream corresponding to the color Doppler image
714 to which a blue color is allocated is a direction in which
the bloodstream moves away from the sound source marker
620, that is, the bloodstream moves from the right to the left
on the screen as indicated by the arrow 705.

[0209] Hence, according to the present embodiment, a
direction of the bloodstream recognized by the user through
the color Doppler images 712 and 714 of FIG. 7A is the same
as an actual direction of the bloodstream.

[0210] As described above, the method and apparatus for
displaying an ultrasound image of the present embodiment
may display a color Doppler image and a sound source
marker indicating a reference position and a direction for
identifying the color Doppler image.

[0211] FIG. 10is ablock diagram illustrating an ultrasound
system 100 using an apparatus and method of displaying an
ultrasound image, according to an embodiment of the present
invention.

[0212] The method may be performed by the ultrasound
system 1000 of F1G. 10, and the apparatus may be included in
the ultrasound system 1000 of FIG. 10.

[0213] Theapparatus 300 of FIGS. 3A and 3B may perform
all or some of functions of the ultrasound system 100 of FIG.
10. The data obtainer 310 and the processor 330 of FIGS. 3A
and 3B may correspond to a probe 1020, an ultrasound trans-
ceiver 1100, and an image processor 1200 of FIG. 10. The
display 320 of FIGS. 3A and 3B may correspond to a display
1700 of FIG. 10. Also, the user input device 340 of FIGS. 3A
and 3B may correspond to an input unit 1500 of FIG. 10.

[0214] Theultrasound system 1000 of FIG. 10 may include
the probe 1020, the ultrasound transceiver 110, the image
processor 1200, a communicator 1300, a memory 1400, the
input device 1500, and a controller 1600 which may be con-
nected to one another via a bus 700.

[0215] A transmitter 1110 applies a driving signal to the
probe 1020, and includes a pulse generater 1112, a transmis-
siondelaying unit 114, and apulser 1116. The pulse generater
1112 generates pulses for forming ultrasound according to a
predetermined pulse repetition frequency (PRF), and the
transmission delaying unit 114 applies a delay time to each of
the pulses for determining a transmission directionality. Each
pulse to which the delay time is applied corresponds to each
of a plurality of piezoelectric vibrators included in the probe
1020. The pulser 1116 applies a driving signal (or a driving
pulse) to the probe at a timing corresponding to each pulse to
which the delay time is applied.
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[0216] A receiver 1120 processes an echo signal received
from the probe 1020 and generates ultrasound data. The
receiver 1120 may include an amplifier 1122, an analog-to-
digital converter (ADC) 1124, a reception delaying unit 1126,
and a adder 1128. The amplifier 1122 amplifies the echo
signal in each channel, and the ADC 1124 performs analog-
to-digital conversion on the amplified echo signal. The recep-
tion delaying unit 1126 applies a delay time for determining
a reception directionality to the converted echo signal, and
generates ultrasound data by summing the echo signals pro-
cessed by the reception delaying unit 1126.

[0217] Theimage processor 1200 generates and displays an
ultrasound image by performing scan conversion on the ultra-
sound data that is generated by the ultrasound transmitting/
receiver 1100.

[0218] A Bmodeprocessor 1212 extracts and processes a B
mode component from the ultrasound data. An image gener-
ater 1220 may generate an ultrasound image that expresses an
intensity of a signal by using a brightness based on the B
mode component that is extracted by the B mode processor
1212.

[0219] Likewise, a Doppler processor 1214 may extract a
Doppler component from the ultrasound data, and the image
generater 1220 may generate a Doppler image that expresses
amovement of an object 1010 by using a color or a waveform
based on the extracted Doppler component.

[0220] The image generater 1220 of FIG. 8 may generate a
3D ultrasound image by performing volume rendering on
volume data, and may also generate an elasticity image that
shows a degree of deformation of the object 1010 according
to pressure. Furthermore, the image generater 1220 may
express various pieces of additional information as text or
graphics on the ultrasound image. The generated ultrasound
image may be stored in the memory 1400.

[0221] The communicator 1300 is wirelessly or wiredly
connected to a network 1030 and communicates with an
external device or a server. The communicator 1300 may
transmit/receive data to/from a server or other medical
devices in a hospital which are connected through a medical
image information system (e.g., a PACS). Also, the commu-
nicator 1300 may transmit/receive data according to a digital
imaging and communication in medicine (DICOM) standard.
[0222] The communicator 1300 may transmit/receive data
related to diagnosis of the object 1010 such as an ultrasound
image, ultrasound data, and Doppler data of the object 1010
through the network 1030, and may transmit/receive a medi-
cal image captured by another medical device such as a com-
puted tomography (CT) system, a magnetic resonance imag-
ing (MRI) system, or an X-ray system. Moreover, the
communicator 1300 may receive information about a
patient’s diagnosis history or treatment schedule from the
server and may use the information to diagnose the object
1010. Furthermore, the communicator 1300 may transmit/
receive data to/from the patient or medical doctor’s portable
terminal as well as the server or the medical devices in the
hospital.

[0223] The communicator 1300 may be wirelessly or
wiredly connected to the network 1030, and may transmit/
receive data to/from a server 1032, a medical device 1034, or
a portable terminal 1036. The communicator 1300 may
include at least one element that may communicate with an
external device, for example, a near field communicator 1310,
a wired communicator 1320, and a mobile communicator
1330.
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[0224] The near field communicator 1310 is a module for
near field communication within a predetermined distance.
Examples of a near field communication technology may
include, but are not limited to, wireless LAN, Wi-Fi, Blue-
tooth, Zigbee, Wi-Fi Direct (WFD), ultra wideband (UWB),
infrared data association (IrDA), Bluetooth low energy
(BLE), and near field communication (NFC).

[0225] The wired communicator 1320 is a module for com-
munication using an electrical signal or an optical signal, and
examples of a wired communication technology may include
a pair cable, a coaxial cable, an optical fiber cable, and an
Ethernet cable.

[0226] The mobile communicator 1330 transmits/receives
a wireless signal to/from at least one of a base station, an
external terminal, and a server through a mobile communica-
tion network. Examples of the wireless signal may include a
voice call signal, a video call signal, and any of various types
of data according to text/multimedia message transmission/
reception.

[0227] The memory 1400 stores various pieces of informa-
tion processed by the ultrasound system 1000. For example,
the memory 1400 may store medical data related to diagnosis
of the object 1010 such as ultrasound data or an ultrasound
image that are input/output, and may store an algorithm or a
program executed in the ultrasound system 1000.

[0228] The memory 1400 may be any of various types of
storage media such as a flash memory, a hard disk, or an
electrically erasable programmable read-only memory (EE-
PROM). Also, the ultrasound system 1000 may operate a web
storage or a cloud server that performs a storage function of
the memory 1400 in the web.

[0229] The input device 1500 is a unit that receives from a
user data for controlling the ultrasound system 1000. The
input device 1500 may include a hardware element such as,
but not limited to, a keypad, a mouse, a touch panel, a touch
screen, a track ball, or a jog switch. The input device 1500
may further include any of various input elements such as an
electrocardiogram measurement module, a respiration mea-
surement module, a voice recognition sensor, a gesture rec-
ognition sensor, a fingerprint recognition sensor, an iris rec-
ognition sensor, a depth sensor, or a distance sensor.

[0230] The controller 1600 controls an overall operation of
the ultrasound system 1000. That is, the controller 1600 may
control an operation between the probe 1020, the ultrasound
transceiver 1100, the image processor 1200, the communica-
tor 1300, the memory 1400, and the input device 1500 of FIG.
10.

[0231] Some or all of the probe 1020, the ultrasound trans-
ceiver 1100, the image processor 1200, the communicator
1300, the memory 1400, the input device 1500, and the con-
troller 1600 may be operated by, but are not limited to, a
software module, and some of the above elements may be
operated by hardware. Also, at least one of the ultrasound
transceiver 1100, the image processor 1200, and the commu-
nicator 1300 may be included in, but are not limited to, the
controller 1600.

[0232] The one or more embodiments of the present inven-
tion may be embodied as a recording medium, e.g., a program
module to be executed in computers, which include com-
puter-readable commands. The computer-readable medium
may include any usable medium that may be accessed by
computers, volatile and non-volatile media, and detachable
and non-detachable media. Also, the computer-readable
medium may include a computer storage medium and a com-
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munication medium. The computer storage medium includes
all of volatile and non-volatile media, and detachable and
non-detachable media which are designed to store informa-
tionincluding computer-readable commands, data structures,
program modules, or other data. The communication medium
includes computer-readable commands, a data structure, a
program module, and other transmission mechanisms, and
includes other information transmission media.

[0233] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by one of ordinary skill in
the art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims. Hence,
it will be understood that the embodiments described above
are not limiting of the scope of the invention. For example,
each component described in a single type may be executed in
a distributed manner, and components described distributed
may also be executed in an integrated form.

[0234] The scope of the present invention is indicated by
the claims rather than by the detailed description of the inven-
tion, and it should be understood that the claims and all
modifications or modified forms drawn from the concept of
the claims are included in the scope of the present invention.

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

obtaining first Doppler data that is generated by transmit-

ting an ultrasound signal to an object and receiving an
echo signal reflected from the object by using a probe;

displaying a sound source marker at a first position on a

screen; and

generating and displaying a first color Doppler image from

the first Doppler data, in consideration of the first posi-
tion.
2. The method of claim 1, wherein the generating and
displaying of the first color Doppler image comprises:
generating second Doppler data from the first Doppler data
based on a result of comparison between the first posi-
tion and a reference position on the screen; and

generating the first color Doppler image from the second
Doppler data.

3. The method of claim 2, wherein the generating of the
second Doppler data comprises:

obtaining an angle between a line that connects the refer-

ence position and a predetermined point on the screen
and a line that connects the predetermined point and the
first position; and
generating the second Doppler data by correcting the first
Doppler data based on the obtained angle.

4. The method of claim 1, further comprising:

moving, based on a user’s input, the sound source marker
displayed at the first position to a second position; and

generating and displaying a second color Doppler image
based on the movement of the sound source marker.

5. The method of claim 4, wherein the moving of the sound
source marker to the second position comprises moving the
sound source marker from the first position to the second
position along a predetermined path on the screen.

6. The method of claim 4, wherein the generating and
displaying of the second color Doppler image comprises:

obtaining an angle between a line that connects the first

position and a predetermined point on the screen and a
line that connects the predetermined point and the sec-
ond position; and
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generating the second color Doppler image based on the
obtained angle.

7. The method of claim 1, further comprising:

transforming a geometry of the first color Doppler image,
based on a user’s input; and

generating and displaying a second color Doppler image
based on the transformed geometry of the first color
Doppler image.

8. The method of claim 7, wherein the transforming of the
geometry of the first color Doppler image comprises perform-
ing at least one of a movement, an expansion, a contraction,
and a rotation of the first color Doppler image on the screen.

9. The method of claim 1, wherein the screen comprises a
plurality of areas at which a plurality of Doppler images are
displayed,

wherein the displaying of the sound source marker at the
first position comprises displaying a plurality of sound
source markers at a plurality of positions of the plurality
of areas, respectively, and

the generating and displaying of the first color Doppler
image comprises generating and displaying a plurality
of color Doppler images of a plurality of cross-sections
of the object from the first Doppler data based on the
plurality of positions of the plurality of sound source
markers.

10. The method of claim 1, wherein the generating and

displaying of the first color Doppler image comprises:
generating a three-dimensional (3D) brightness (B) mode
image of at least a part of the object based on volume
data of the object; and

displaying the first color Doppler image on the 3D B mode
image.

11. The method of claim 10, further comprising:

moving the sound source maker displayed at the first posi-
tion to a second position along at least one of an x-axis,
a y-axis, and a z-axis of the 3D B mode image based on
a user’s input; and

generating a second color Doppler image based on the
movement of the sound source marker and displaying
the second color Doppler image on the 3D B mode
image.

12. A method of displaying an ultrasound image, the

method comprising:

obtaining Doppler data that is generated by transmitting an
ultrasound signal to an object and receiving an echo
signal reflected from the object by using a probe;

displaying a color Doppler image by using the Doppler
data and displaying the color Doppler image on a screen;
and

displaying a sound source marker at a first position on the
screen corresponding to the color Doppler image,

wherein the first position indicates an angle between a
direction in which a bloodstream flows in the object and
a direction in which the probe receives the echo signal.

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

a data obtainer that obtains first Doppler data that is gen-
erated by transmitting an ultrasound signal to an object
and receiving an echo signal reflected from the object by
using a probe;

a display that displays a sound source marker at a first
position on a screen; and
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aprocessor that generates a first color Doppler image from
the first Doppler data in consideration of the first posi-
tion,

wherein the display further displays the first color Doppler

image.

14. The apparatus of claim 13, wherein the processor gen-
erates second Doppler data from the first Doppler data based
on a result of comparison between the first position and a
reference position on the screen, and generates the first color
Doppler image from the second Doppler data.

15. The apparatus of claim 14, wherein the processor
obtains an angle between a line that connects the reference
position and a predetermined point on the screen and a line
that connects the predetermined point and the first position,
and generates the second Doppler data by correcting the first
Doppler data based on the obtained angle.

16. The apparatus of claim 13, further comprising a user
input device that receives a user’s input,

wherein the processor moves the sound source marker

displayed at the first position to a second position based
on the user’s input, and generates a second color Dop-
pler image based on the movement of the sound source
marker, and

the display displays the second color Doppler image.

17. The apparatus of claim 16, wherein the processor
moves the sound source marker from the first position to the
second position along a predetermined path on the screen.

18. The apparatus of claim 16, wherein the processor
obtains an angle between a line that connects the first position
and a predetermined point on the screen and a line that con-
nects the predetermined point and the second position, and
generates the second color Doppler mage based on the
obtained angle.

19. The apparatus of claim 13, further comprising a user
input device that receives a user’s input,

wherein the processor transforms a geometry of the first

color Doppler image based on the user’s input, and
generates a second color Doppler image based on the
geometry transformation of the first color Doppler
image, and

the display displays the second color Doppler image.

20. The apparatus of claim 19, wherein the processor per-
forms at least one of a movement, an expansion, a contraction,
and a rotation of the first color Doppler image on the screen.
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21. The apparatus of claim 13, wherein the display displays
a plurality of Doppler images at a plurality of areas on a
screen, and displays a plurality of sound source markers at a
plurality of positions of the plurality of areas, respectively,

wherein the processor generates a plurality of color Dop-
pler images of a plurality of cross-sections of the object
from the first Doppler data based on the plurality of
positions of the plurality of sound source markers.

22. The apparatus of claim 13, wherein the processor fur-
ther generates a three-dimensional (3D) brightness (B) mode
image of at least a part of the object based on volume data of
the object, and

the display displays the first color Doppler image on the 3D
B mode image.

23. The apparatus of claim 22, further comprising a user

input device that receives a user’s input,

wherein the processor moves the sound source marker
displayed at the first position to a second position along
at least one of an x-axis, a y-axis, and a z-axis of the 3D
B mode image, based on the user’s input, and generates
asecond color Dopplerimage based on the movement of
the sound source marker, and

the display displays the second color Doppler image on the
3D B mode image.

24. An apparatus for displaying an ultrasound image, the

apparatus comprising:

a data obtainer that obtains Doppler data that is generated
by transmitting an ultrasound signal to an object and
receiving an echo signal reflected from the object by
using a probe;

a processor that generates a color Doppler image by using
the Doppler data; and

adisplay that displays the color Doppler image on a screen,
and displays a sound source marker at a first position on
the screen corresponding to the color Doppler image,

wherein the first position indicates an angle between a
direction in which a bloodstream flows in the object and
a direction in which the probe receives the echo signal.

25. A computer-readable recording medium having
embodied thereon a program for executing the method of
claim 1.
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