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(54) Ultrasound system and method of providing direction information of object

(57)  Disclosed are an ultrasound system and method
of providing direction information of an object of a fetus.
The ultrasound system includes an ultrasound data ac-
quirer that transmits an ultrasound signal to an object
including a fetus, and acquires ultrasound data by receiv-
ing an ultrasound echo signal reflected from the object,
a processor that generates an ultrasound image with the

ultrasound data, a display that displays the ultrasound
image on a screen, and a user input unit that receives a
user command for setting position information of the fetus
corresponding to a posture of the fetus based on the ul-
trasound image. The processor sets direction informa-
tion, indicating the posture of the fetus, on the screen in
response to the user command.
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Description
RELATED APPLICATIONS

[0001] This application claims the benefit of Korean
Patent Application No. 10-2013-0033279, filed on March
28, 2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND
1. Field

[0002] One or more embodiments of the present in-
vention relate to an ultrasound system, and more partic-
ularly, to an ultrasound system and method of providing
direction information of an object (for example, a fetus).

2. Description of the Related Art

[0003] An ultrasound system has noninvasive and
nondestructive characteristics, and thus is widely used
in the medical field to obtain internal information of an
object. The ultrasound system provides a high-resolution
image of internal tissue of an object to a doctor in real
time without requiring a surgical operation that directly
incises and via which the object is observed, and thus is
very importantly used in the medical field.

[0004] The ultrasound system transmits an ultrasound
signal to an object, receives the ultrasound signal (i.e.,
an ultrasound echo signal) reflected from the object, and
generates a two-dimensional (2D) or three-dimensional
(3D) ultrasound image by using the received ultrasound
echo signal.

[0005] In fetuses, a risk of a cardiac anomaly is deter-
mined with respect to a position of a heart. For example,
it is reported that when a heart of a fetus is normally
located, a risk of a cardiac anomaly is about 1%, but
when a heart of a fetus is located at the right, namely,
when dextrocardia, the risk of cardiac anomaly is about
95%. Therefore, it is important to accurately determine
a heart position of a fetus, for predicting the risk of cardiac
anomaly. However, since afetus freely movesin a uterus,
it is difficult for a skilled user to accurately determine a
direction of the fetus in animage, and due to this, an error
occurs in predicting the risk of cardiac anomaly based
on a position of a heart.

SUMMARY

[0006] One or more embodiments of the present in-
vention include an ultrasound system and method that
add direction information of a fetus to an ultrasound im-
age, thereby accurately determining a position of an ob-
ject of interest (for example, a heart) of the fetus in the
ultrasound image.

[0007] Additional aspects will be set forth in part in the
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description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0008] According to one or more embodiments of the
present invention, an ultrasound system includes: an ul-
trasound data acquirer that transmits an ultrasound sig-
nalto an objectincluding a fetus, and acquires ultrasound
data by receiving an ultrasound echo signal reflected
from the object; a processor thatgenerates an ultrasound
image with the ultrasound data; a display that displays
the ultrasound image on a screen; and a user input unit
that receives a user command for setting position infor-
mation of the fetus corresponding to a posture of the fetus
based on the ultrasound image, wherein the processor
sets direction information, indicating the posture of the
fetus, on the screen in response to the user command.
[0009] The ultrasound system may further include a
storage that stores a plurality oficons indicating a plurality
of fetus postures and direction information of a fetus cor-
responding to each of the plurality of icons.

[0010] The user command may include: a first user
command for displaying the plurality of icons on the
screen of the display; and a second user command for
selecting one icon from among the plurality of icons.
[0011] The processor may display the plurality of icons
on the screen of the display in response to the first user
command, and set direction information, corresponding
to the selected icon, on the screen of the display in re-
sponse to the second user command.

[0012] The direction information of the fetus may in-
clude at least one of an anterior, posterior, left, and right
of the fetus.

[0013] The processor may detect an object of interest
(OOQI) from the ultrasound image of the object displayed
on the screen with the direction information of the fetus
set thereon, and generate position information of the de-
tected OOl based on the direction information of the fetus
which is set on the screen.

[0014] The processor may detect a central point of the
ultrasound image, sets a width central line and a height
central line with respect to the central point on the ultra-
sound image, detect a position of the OOI based on the
direction information of the fetus, the width central line,
and the height central line, and generate the position in-
formation of the OOI based on the detected position of
the OOI.

[0015] The processor may generate additional infor-
mation indicating a degree of proximity by which the OOI
approaches from the central point to the position infor-
mation of the fetus, based on the direction information of
the fetus.

[0016] The OOI may include a heart of the fetus.
[0017] According to one or more embodiments of the
present invention, a method of providing position infor-
mation of an object in an ultrasound system includes:
transmitting an ultrasound signal to an object including
a fetus, and acquiring ultrasound data by receiving an
ultrasound echo signal reflected from the object; gener-



3 EP 2 783 635 A1 4

ating an ultrasound image with the ultrasound data; dis-
playing the ultrasound image on a screen; receiving a
user command for setting position information of the fetus
corresponding to a posture of the fetus based on the ul-
trasound image; and setting direction information, indi-
cating the posture of the fetus, on the screen in response
to the user command.

[0018] The method may further include storing a plu-
rality of icons indicating a plurality of fetus postures and
direction information of a fetus corresponding to each of
the plurality of icons.

[0019] The user command may include: a first user
command for displaying the plurality of icons on the
screen; and a second user command for selecting one
icon from among the plurality of icons.

[0020] The method may further include: displaying the
plurality of icons on the screen in response to the first
user command; and setting direction information, corre-
sponding to the selected icon, on the screen in response
to the second user command.

[0021] The direction information of the fetus may in-
clude at least one of an anterior, posterior, left, and right
of the fetus.

[0022] The method may further include: detecting an
object of interest (OOI) from the ultrasound image of the
object displayed on the screen with the direction infor-
mation of the fetus set thereon; and generating position
information of the detected OOI based on the direction
information of the fetus which is set on the screen.
[0023] The method may further include: detecting a
central point of the ultrasound image; setting a width cen-
tralline and a height central line with respect to the central
point on the ultrasound image; detecting a position of the
OOl based on the direction information of the fetus, the
width central line, and the height central line; and gener-
ating the position information of the OOl based on the
detected position of the OOI.

[0024] The method may further include generating ad-
ditional information indicating a degree of proximity by
which the OOl approaches from the central point to the
position information of the fetus, based on the direction
information of the fetus.

[0025] The OOI may include a heart of the fetus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

[0027] FIG. 1is a block diagram illustrating a configu-
ration of an ultrasound system according to an embodi-
ment of the present invention;

[0028] FIG. 2is a block diagram illustrating a configu-
ration of an ultrasound data acquirer according to an em-
bodiment of the present invention;

[0029] FIG. 3 is an exemplary diagram illustrating ex-
amples of a plurality of icons showing a shape of a fetus
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based on a posture of the fetus, according to an embod-
iment of the present invention;

[0030] FIG. 4 is a flowchart of a procedure of setting
direction information of a fetus, according to an embod-
iment of the present invention;

[0031] FIG. 5 is an exemplary diagram illustrating an
example of a screen in which direction information of a
fetus corresponding to each of a plurality of icons is set;
[0032] FIG.6isaflowchartof a procedure of determin-
ing a position of a heartin an ultrasound image of a fetus,
according toan embodimentofthe presentinvention; and
[0033] FIG. 7 is an exemplary diagram illustrating ad-
ditional information according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0034] Reference willnow be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present description. 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.

[0035] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the ac-
companying drawings.

[0036] FIG. 1 is a block diagram illustrating a configu-
ration of an ultrasound system 100 according to an em-
bodiment of the present invention. Referring to FIG. 1,
the ultrasound system 100 includes an ultrasound data
acquirer 110. The ultrasound data acquirer 110 transmits
an ultrasound signal to an object, and receives the ultra-
sound signal (namely, an ultrasound echo signal) reflect-
ed from the object to acquire ultrasound data. In an em-
bodiment, the object includes a fetus.

[0037] FIG. 2 is a block diagram illustrating a configu-
ration of the ultrasound data acquirer 110 according to
an embodiment of the present invention. Referring to
FIG. 2, the ultrasound data acquirer 110 includes an ul-
trasound probe 210.

[0038] The ultrasound probe 210 includes a plurality
of transducer elements (not shown) that convert between
an electrical signal and an ultrasound signal. The ultra-
sound probe 210 transmits an ultrasound signal to an
object, and receives an ultrasound echo signal reflected
from the object to output an electrical signal (hereinafter,
referred to as a reception signal). The reception signal
is an analog signal. The ultrasound probe 210 includes
a convex probe, a linear probe, and a 3D probe.

[0039] The ultrasound data acquirer 110 further in-
cludes a transmission unit 220. The transmission unit
220 controls transmission of an ultrasound signal. Also,
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the transmission unit 220 includes a plurality of pulsers
(not shown), and generates a plurality of pulse signals.
The transmission unit 220 delays, for a certain time, a
pulse signal output from each of the plurality of pulsers
in consideration of a transducer element and a focusing
point, thereby outputting a transmission pulse signal hav-
ing a certain transmission profile. The ultrasound probe
210 generates and outputs an ultrasound signal in re-
sponse to the transmission pulse signal supplied from
the transmission unit 220. An ultrasound beam output
from the ultrasound probe 210 may form and output a
beam in a certain direction (for example, a scan line)
according to a profile of a transmission pulse. Also, the
ultrasound probe 210 receives an ultrasound echo signal
reflected from an object to output an electrical reception
signal.

[0040] The ultrasound data acquirer 110 further in-
cludes a reception unit 230. The reception unit 230 an-
alog-digital-converts the reception signal supplied from
the ultrasound probe 210 to generate a digital signal.
Also, the reception unit 230 performs reception beam-
forming on the digital signal in consideration of the trans-
ducer element and the focusing point to generate a re-
ception focusing signal. In an embodiment, the reception
beamforming by the reception unit 230 may be performed
by using an application specific integrated circuit (ASIC)
in which a physical delay means such as a resistor is
integrated, or may be performed by using a digital signal
processor (DSP) as a software algorithm.

[0041] The ultrasound data acquirer 110 further in-
cludes an ultrasound data generation unit 240. The ul-
trasound data generation unit 240 generates ultrasound
data corresponding to an ultrasound image by using the
reception focusing signal supplied from the reception unit
230. The ultrasound data includes radio frequency (RF)
data. However, the ultrasound data is not limited thereto.
Also, the ultrasound data acquirer 110 may perform var-
ious signal processing (for example, gain adjustment,
etc.), which is necessary to generate the ultrasound data,
on the reception focusing signal. In an embodiment, the
ultrasound data acquirer 110 may be implemented with
one or more DSPs.

[0042] ReferringagaintoFIG. 1, the ultrasound system
100 further includes a user input unit 120. The user input
unit 120 receives various user commands for driving the
ultrasound system 100 from a user. In an embodiment,
the user commands include a first user command for set-
ting direction information of a fetus in a uterus. In an em-
bodiment, the direction information of the fetus is infor-
mation indicating at least one of an anterior (Ant), pos-
terior (Post), left (Lt), and right (Rt) of the fetus in an
ultrasound image which the user acquires from an object.
The user input unit 120 includes at least one of a control
panel, a trackball, a mouse, a keyboard, and a touch
screen.

[0043] The ultrasound system 100 further includes a
processor 130. The processor 130 is connected to the
ultrasound data acquirer 110 and the user input unit 120.
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The processor 130 includes a central processing unit
(CPU), a microprocessor, or a graphics processing unit
(GPU). The processor 130 receives ultrasound data from
the ultrasound data generation unit 240, and performs
various image processing, such as scan conversion, ren-
dering, etc., on the ultrasound data to generate an ultra-
sound image.

[0044] The ultrasound system 100 further includes a
storage 140. The storage 140 may store the ultrasound
data generated by the ultrasound data generation unit
240. Also, the storage 140 may store the ultrasound im-
age generated by the processor 130. In an embodiment,
the storage 140 stores a plurality of icons showing a
shape of a fetus based on a posture which the fetus
makes in a uterus. FIG. 3 is an exemplary diagram illus-
trating examples of a plurality of icons showing a shape
of a fetus based on a posture of the fetus, according to
an embodiment of the present invention. In an embodi-
ment, the storage 140 is described as storing the plurality
of icons showing the posture of the fetus, but an image
showing the posture of the fetus is not limited thereto. In
an embodiment, the storage 140 further stores direction
information of the fetus corresponding to each of the plu-
rality of icons. For example, the storage 140 may store
a plurality of templates schematically showing the pos-
ture of the fetus. The storage 140 includes at least one
storage medium of a flash memory, a hard disk, a multi-
media card micro, a card-type memory such as a secure
digital (SD) or extreme digital (XD) memory, random ac-
cess memory (RAM), static random access memory
(SRAM), read-only memory (ROM), electrically erasable
programmable read-only memory (EEPROM), program-
mable read-only memory (PROM), a magnetic memory,
a magnetic disc, and an optical disc. The ultrasound sys-
tem 100 may operate web or cloud storage for performing
a storage function of a memory on a network such as the
internet.

[0045] The ultrasound system 100 further includes a
display 150. The ultrasound image generated by the
processor 130 is transferred to the display 150, and dis-
played on a screen. Also, in response to a user command
input through the user input unit 120, the processor 130
may read the ultrasound image stored in the storage 140,
and transfer the read ultrasound image to the display
150, thereby allowing the ultrasound image to be dis-
played. In an embodiment, in response to the first user
command input through the user input unit 120, the proc-
essor 130 reads the plurality oficons stored in the storage
140, and allows the read icons to be displayed by the
display 150. The display 150 includes a liquid crystal dis-
play (LCD), a cathode-ray tube (CRT) display, an organic
light-emitting diode (OLED) display, or the like to display
the ultrasound image.

[0046] FIG. 4 is a flowchart of a procedure of setting
direction information of a fetus, according to an embod-
iment of the presentinvention. Referring to FIG. 4, a user
scans a fetus according to a scanning protocol to identify
a posture of the fetus in operation S410. In an embodi-
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ment, the scanning protocol is a scanning protocol in
which a user identifies the feet of a fetus while performing
ultrasound scanning, and then performs the ultrasound
scanning from the feet to the legs and toward the head.
However, the scanning protocol is not limited thereto,
and all scanning protocols enabling a user to identify a
posture of a fetus may be used. A user may perform
ultrasound scanning according to a certain scanning pro-
tocol to identify a posture of a fetus in consideration of a
spine position, a head position, etc. of the fetus in a cur-
rently displayed ultrasound image.

[0047] When the posture of the fetus is identified, the
user inputs the first user command for reading the plu-
rality of icons stored in the storage 140 and displaying
the read icons, through the user input unit 120 in opera-
tion S420. The processor 130 searches the storage 140
in response to the first user command, reads the plurality
of icons, and transfers the read icons to the display 150
to allow the display 150 to display the icons on a screen
in operation S430.

[0048] The userreceives a user command through the
user input unit 120 to select an icon corresponding to a
current posture of the fetus from among the plurality of
icons in operation S440. Here, the user command may
allow the user to move a cursor displayed on a screen
of the display 150, click a corresponding icon, and give
a number to each of the plurality of icons to select the
corresponding icon, or touch the corresponding icon on
atouch screen. However, the input of the user command
is not limited thereto.

[0049] Whentheicon correspondingtothe current pos-
ture of the fetus is selected from among the plurality of
icons, the processor 130 reads direction information of
the fetus from the storage 140, and allows the display
150 to display position information (i.e., direction infor-
mation indicating an anterior (Ant), posterior (Post), left
(Lt), and right (Rt) of the fetus) of the fetus corresponding
to the selected icon at a certain position of the screen in
operation S450. FIG. 5 is an exemplary diagramiillustrat-
ing an example of a screen in which direction information
of a fetus corresponding to each of a plurality of icons is
set. For example, when the user selects an icon number
1 from among the plurality icons of FIG. 3, a first image
of FIG. 5 is displayed on the screen as the direction in-
formation of the fetus.

[0050] In an embodiment, selecting the direction infor-
mation of the fetus has been described above as a meth-
od that selects one icon corresponding to the posture of
the fetus from among the plurality of icons, but is not
limited thereto. For example, a plurality of markers indi-
cating at least one of an anterior, posterior, left, and right
of a fetus may be provided, and a user may select a
marker corresponding to a current posture of the fetus
from among the plurality of markers to set direction in-
formation of the fetus. Also, in another embodiment, by
providing a text input window on a screen displaying an
ultrasound image, a user may directly input direction in-
formation of a fetus.
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[0051] FIG.6isaflowchartof a procedure of determin-
ing a position of a heartin an ultrasound image of a fetus,
according to an embodiment of the present invention.
Referring to FIG. 6, a user performs ultrasound scanning
on a fetus according to a scanning protocol to determine
a posture of the fetus, and sets direction information
based on the posture of the fetus on a screen of the dis-
play 150 in operation S610. Subsequently, the processor
130 generates an ultrasound image of the fetus by using
ultrasound data supplied from the ultrasound data ac-
quirer 110 in operation S620. In an embodiment, the ul-
trasound image includes a 2D image, namely, a B mode
image. However, the ultrasound image is not limited
thereto. The ultrasound image generated by the proces-
sor 130 is displayed on the screen of the display 150, on
which position information of the fetus is set in operation
S630.

[0052] The processor 130 performs image processing
on the ultrasound image with the direction information of
the fetus set thereon to detect an object of interest (OOI),
for example, a heart, in operation S640. The heart may
be detected by various known image processing, and
thus, a detailed description thereof is not provided in the
embodiment. For example, the image processing may
use a method that detects an OOl based on pre-learned
data, a method that detects an OOI by acquiring a posi-
tion value of a moving part in continuous ultrasound im-
ages, a method that detects an OOl based on a proba-
bility distribution of image brightness, and a method that
detects an OOl based on a user input.

[0053] The processor 130 generates position informa-
tion of the heart of the fetus, which is detected from the
ultrasound image on the basis of the position information
of the fetus that is set on the screen in operation S650.
[0054] For example, as illustrated in FIG. 7, the proc-
essor 130 detects a central point O of the ultrasound
image. The central point O may be detected by various
known methods, and thus, a detailed description thereof
is not provided in the embodiment. The processor 130
sets a width central line CLW and a height central line
CLH with respect to the detected central point O, in the
ultrasound image. The processor 130 determines a po-
sition (Lt, Ant) of the heart of the fetus in the ultrasound
image, on the basis of the direction information (Lt, Rt,
Ant, and Post), the width central line CLW, the height
central line CLH which are set in the ultrasound image,
and generates position information of the heart on the
basis of the direction information of the fetus.

[0055] Alternatively, the processor 130 may generate
additional information indicating a degree of proximity by
which the heart approaches each of the anatomical po-
sitions (Lt, Rt, Ant, and Post), on the basis of the ana-
tomical positions (Lt, Rt, Ant, and Post) of the fetus. For
example, as illustrated in FIG. 7, the processor 130 gen-
erates additional information Al indicating a degree of
proximity by which the heart of the fetus (for example,
ventricles of the heart of the fetus) approaches from the
central point O of the ultrasound image to each of the
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anatomical positions (Lt, Rt, Ant, and Post), on the basis
of the position information (Lt, Rt, Ant, and Post) of the
fetus that is set in the ultrasound image.

[0056] According to the embodiments of the present
invention, the ultrasound system displays direction infor-
mation of a fetus on a screen displaying an ultrasound
image to enable a user to determine a position of a body
organ such as a heart of the fetus, thus decreasing an
error. Also, the ultrasound system provides an OOl (i.e.,
position information of the heart) of the fetus, and thus
enables the user to easily determine a risk of a cardiac
anomaly.

[0057] It should be understood that the exemplary em-
bodiments described therein should be considered in a
descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each embod-
iment should typically be considered as available for oth-
er similar features or aspects in other embodiments.
[0058] While one or more embodiments of the present
invention have been described with reference to the fig-
ures, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

Claims
1. An ultrasound system comprising:

an ultrasound data acquirer that transmits an
ultrasound signal to an object including a fetus,
and acquires ultrasound data by receiving an
ultrasound echo signal reflected from the object;
aprocessor that generates an ultrasound image
with the ultrasound data;

a display that displays the ultrasound image on
a screen; and

a user input unit that receives a user command
for setting position information of the fetus cor-
responding to a posture of the fetus based on
the ultrasound image,

wherein the processor sets direction informa-
tion, indicating the posture of the fetus, on the
screen in response to the user command.

2. Theultrasound system of claim 1, further comprising
a storage that stores a plurality of icons indicating a
plurality of fetus postures and direction information
of a fetus corresponding to each of the plurality of
icons.

3. The ultrasound system of claim 2, wherein the user
command includes:

a first user command for displaying the plurality
of icons on the screen of the display; and
a second user command for selecting one icon
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10.

from among the plurality of icons.

The ultrasound system of claim 3, wherein the proc-
essor displays the plurality of icons on the screen of
the display in response to the first user command,
and sets direction information, corresponding to the
selected icon, on the screen of the display in re-
sponse to the second user command.

The ultrasound system of claim 1, wherein the direc-
tion information of the fetus includes at least one of
an anterior, posterior, left, and right of the fetus.

The ultrasound system of claim 5, wherein the proc-
essor detects an object of interest (OOI) from the
ultrasound image of the object displayed on the
screen with the direction information of the fetus set
thereon, and generates position information of the
detected OOl based on the direction information of
the fetus which is set on the screen.

The ultrasound system of claim 6, wherein the proc-
essor detects a central point of the ultrasound image,
sets a width central line and a height central line with
respect to the central point on the ultrasound image,
detects a position of the OOI based on the direction
information of the fetus, the width central line, and
the height central line, and generates the position
information of the OOI based on the detected posi-
tion of the OOI.

The ultrasound system of claim 7, wherein the proc-
essor generates additional information indicating a
degree of proximity by which the OOI approaches
from the central point to the position information of
the fetus, based on the direction information of the
fetus.

The ultrasound system of claim 6, wherein the OOI
includes a heart of the fetus.

A method of providing position information of an ob-
jectinan ultrasound system, the method comprising:

transmitting an ultrasound signal to an object
including a fetus, and acquiring ultrasound data
by receiving an ultrasound echo signal reflected
from the object;

generating an ultrasound image with the ultra-
sound data;

displaying the ultrasound image on a screen;
receiving a user command for setting position
information of the fetus corresponding to a pos-
ture of the fetus based on the ultrasound image;
and

setting direction information, indicating the pos-
ture of the fetus, on the screen in response to
the user command.
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The method of claim 10, further comprising storing
a plurality of icons indicating a plurality of fetus pos-
tures and direction information of a fetus correspond-
ing to each of the plurality of icons.

The method of claim 11, wherein the user command
includes:

a first user command for displaying the plurality
of icons on the screen; and

a second user command for selecting one icon
from among the plurality of icons.

The method of claim 12, further comprising:

displaying the plurality of icons on the screen in
response to the first user command; and
setting direction information, corresponding to
the selected icon, on the screen in response to
the second user command.

The method of claim 10, wherein the direction infor-
mation of the fetus includes at least one of an ante-
rior, posterior, left, and right of the fetus.

The method of claim 14, further comprising:

detecting an object of interest (OOIl) from the
ultrasound image of the object displayed on the
screen with the direction information of the fetus
set thereon; and

generating position information of the detected
OOl based on the direction information of the
fetus which is set on the screen.
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