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Description

CROSS-REFERENCE TO RELATED PATENT APPLI-
CATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2012-0090898, filed on August
20, 2012, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to a method and
apparatus for efficiently managing an ultrasound image
of a fetal heart, and a method and apparatus for display-
ing an ultrasound image for a user to diagnose an object.

2. Description of the Related Art

[0003] An ultrasound diagnosis apparatus obtains an
image of a desired internal part of an object by generating
an ultrasound signal (generally, an ultrasound signal of
20 kHz or higher) by using a probe, and using information
about an echo signal reflected from the desired internal
part. In particular, the ultrasound diagnosis apparatus is
used for medical purposes, e.g., to detect foreign sub-
stances in an object, and measure and observe the de-
gree of injury of the object. The ultrasound diagnosis ap-
paratus has been widely used together with other image
diagnosis apparatuses, since the ultrasound diagnosis
apparatus is more stable, is capable of displaying images
in real time, and hardly causes exposure to radiation,
compared to an X-ray examination.

[0004] Fetal cardiac malformation occupies a large
part of fetal diseases. However, a location of a fetal heart
frequently varies according to a posture of a fetus within
a placenta, unlike an adult’s heart. Accordingly, it is very
difficult for doctors, who are not sufficiently trained, to
obtain an ultrasound image of a fetal heart.

SUMMARY OF THE INVENTION

[0005] Many guidelines and protocols have been sug-
gested for users of ultrasound diagnosis apparatuses to
efficiently obtain ultrasound images of a fetal heart. How-
ever, such guidelines and protocols are inconvenient to
use because they include operations, such as rotating,
moving, expanding, and scaling down ultrasound volume
data along the x-axis, y-axis, and z-axis. Also, much time
and effort has to be spent performing measurements for
various observation operations of observing a fetal heart.
[0006] Thus, the present invention provides a method
and apparatus for obtaining and displaying an ultrasound
image of a fetal heart from ultrasound volume data. The
present invention also provides a computer-readable re-

10

15

20

25

30

35

40

45

50

55

cording medium having recorded thereon a computer
program for performing the method.

[0007] According to an aspect of the presentinvention,
there is provided a method of managing an ultrasound
image, the method including determining a reference
point and an observation plane of ultrasound volume da-
ta; obtaining a plurality of images by splitting the ultra-
sound volume data, based on the reference point and
the observation plane; and storing an image selected
from among the plurality of images according to an ex-
ternal input signal such that the selected image matches
a current observation operation from among a plurality
of observation operations for observing an object.
[0008] The obtaining of the plurality of images may in-
clude obtaining the plurality of images by splitting the
ultrasound volume data such that planes that split the
ultrasound volume data form a predetermined angle with
the observation plane.

[0009] The obtaining of the plurality of images may in-
clude obtaining the plurality of images by splitting the
ultrasound volume data such that planes that split the
ultrasound volume data intersect with respect to the ref-
erence point.

[0010] The obtaining of the plurality of images may in-
clude obtaining the plurality of images by adjusting at
least one of distances between and a total number of
planes that split the ultrasound volume data.

[0011] The observation plane may be one of an A-
plane, a B-plane, and a C-plane of the object, included
in the ultrasound volume data.

[0012] The storing of the image selected from among
the plurality of images may include storing location infor-
mation of planes that split the ultrasound volume data,
together with the selected image, so as to obtain the se-
lected image.

[0013] The method may further include displaying the
current observation operation and an image stored to
match the current observation operation together.
[0014] The displaying of the current observation oper-
ation and the image stored to match the current obser-
vation operation together may include displaying an ex-
emplary image of the current observation operation.
[0015] The method may further include arranging the
ultrasound volume data such that a reference region in-
cluding the reference point is disposed in a determined
direction.

[0016] The method may further include selecting the
current observation operation from among the plurality
of observation operations. The selecting of the current
observation operation may include selecting the current
observation operation from among the plurality of obser-
vation operations, according to a predetermined order or
an external input signal.

[0017] The method may further include selecting one
of the plurality of observation operation as a new current
observation operation. The method may be repeatedly
performed.

[0018] According to another aspect of the present in-



3 EP 2 700 364 A2 4

vention, there is provided a method of managing an ul-
trasound image, the method including storing a plurality
of pieces of setting information to respectively match a
plurality of observation operations for diagnosing an ob-
ject, each of the plurality of pieces of the setting informa-
tion including at least one from among information about
an observation plane that splits ultrasound volume data
in a predetermined direction, information about a split
method of splitting the ultrasound volume data, and in-
formation about a reference point; displaying a plurality
of plane images for a current observation operation which
is one of the plurality of observation operations, wherein
the plurality of plane images are obtained based on a
piece of the setting information matching the current ob-
servation operation; and storing an image selected from
among the plurality of plane images according to an ex-
ternal input signal such that the selected image matches
the current observation operation.

[0019] The method may furtherinclude repeatedly per-
forming a process of displaying a new observation oper-
ation and storing an image to match the new observation
operation.

[0020] According to another aspect of the present in-
vention, there is provided a method of displaying an ul-
trasoundimage, the method including displaying an order
of a current observation operation for diagnosing an ob-
jectina plurality of observation operation, on afirstregion
of a screen; displaying at least one of an observation
plane corresponding to the current observation opera-
tion, a reference point, and a split method of splitting ul-
trasound volume data, on a second region of the screen;
and displaying a plurality of images of planes that split
the ultrasound volume data based on the observation
plane and the reference point, on a third region of the
screen.

[0021] The current observation operation may be se-
lected from among the plurality of observation opera-
tions, according to a predetermined order or an external
input signal.

[0022] The method may further include marking an im-
age, whichis selected from among the plurality ofimages
according to an external input signal, on the third region
such that the selected image is differentiated from the
other images.

[0023] According to another aspect of the present in-
vention, there is provided an ultrasound apparatus in-
duding a storage unit for storing ultrasound volume data;
an image processing unit for determining a reference
point and an observation plane for the ultrasound volume
data, and obtaining a plurality of images by splitting the
ultrasound volume data, based on the reference point
and the observation plane; a display unit for displaying
the plurality of images; and a control unit for controlling
the storage unit, the image processing unit, and the dis-
play unit. The storage unit stores an image selected from
among the plurality of images according to an external
input signal such that the selected image matches a cur-
rent observation operation from among a plurality of ob-
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servation operations for observing an object.

[0024] According to another aspect of the present in-
vention, there is provided a computer-readable recording
medium having recorded thereon a computer program
for executing the method of managing an ultrasound im-
age and the method of displaying an ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the following attached drawings. Here, ref-
erence numerals denote structural elements.

FIG. 1is a block diagram of an ultrasound apparatus
according to an embodiment of the present inven-
tion;

FIG. 2 is a flowchart illustrating a method of manag-
ing an ultrasound image according to an embodi-
ment of the present invention;

FIG. 3 is a flowchart illustrating a method of display-
ing an ultrasound image according to an embodi-
ment of the present invention;

FIGS. 4A and 4B are images illustrating a process
of determining a reference point, performed by an
ultrasound apparatus, according to an embodiment
of the present invention;

FIG. 5illustrates a process of obtaining a plurality of
images and storing an image selected from among
the plurality of images, performed by an ultrasound
apparatus, according to an embodiment of the
present invention;

FIG. 6 illustrates a process of obtaining a plurality of
images and storing an image selected from among
the plurality of images, performed by an ultrasound
apparatus, according to another embodiment of the
present invention;

FIG. 7 illustrates a process of storing an image se-
lected from among a plurality of images according
to an external input image such that the selected
image may match an observation operation, accord-
ing to an embodiment of the present invention;
FIG. 8 illustrates a process of displaying an exem-
plary image of an observation operation, according
to an embodiment of the present invention;
FIG.9is adiagramillustrating a process of displaying
an observation operation together with an image cor-
responding to the observation operation, according
to an embodiment of the present invention;

FIG. 10 is a diagram illustrating a process of display-
ing an observation operation together with an image
corresponding to the observation operation, accord-
ing to another embodiment of the present invention;
and

FIG. 11 is a diagram illustrating a process of display-
ing an order of a current observation operation in all
of the observation operations, according to an em-
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bodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0026] Mostofthe terms used herein are general terms
that have been widely used in the technical art to which
the present invention pertains. However, some of the
terms used herein may be created to reflect the intentions
of technicians in this art, precedents, or new technolo-
gies. Also, some of the terms used herein may be arbi-
trarily chosen by the present applicant- In this case, these
terms are defined in detail below. Accordingly, the spe-
cific terms used herein should be understood based on
the unique meanings thereof and the whole context of
the present invention.

[0027] In the present specification, it should be under-
stood that the terms, such as ’include’ or 'have,’ etc., are
intended to indicate the existence of the features, num-
bers, steps, actions, components, parts, or combinations
thereof disclosed in the specification, and are not intend-
ed to preclude the possibility that one or more other fea-
tures, numbers, steps, actions, components, parts, or
combinations thereof may exist or may be added. Also,
the term ... unit’ used herein should be understood as
an unit that is capable of performing at least one function
or operation and that may be embodied in a hardware or
software manner or a combination of hardware and soft-
ware manners.

[0028] As used herein, the term "at least one of," when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.

[0029] Hereinafter, exemplary embodiments of the
present invention will be described in greater detail.
[0030] FIG. 1 is a block diagram of an ultrasound ap-
paratus 100 according to an embodiment of the present
invention. According to an embodiment of the present
invention, the ultrasound apparatus 100 may include a
storage unit 110, animage processing unit 120, a display
unit 130, and a control unit 140. A method of managing
and displaying an ultrasound image by using elements
of the ultrasound apparatus 100 will now be described in
detail.

[0031] The storage unit 110 stores ultrasound volume
data. The ultrasound volume data stored in the storage
unit 110 is obtained by scanning an object with an ultra-
sound probe. The ultrasound volume data is a three-di-
mensional (3D) image having a fan shape rather than a
rectangular parallelepiped, according to the characteris-
tics of the ultrasound apparatus 100. The present inven-
tion will now be described with respect to ultrasound vol-
ume data obtained by scanning a fetal heart, but the ul-
trasound volume data is not limited to data obtained by
scanning a human body.

[0032] Alternatively, the ultrasound volume data stored
in the storage unit 110 may be obtained from a storage
medium installed outside the ultrasound apparatus 100.
Otherwise, the storage unit 110 may obtain and store the
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ultrasound volume data by using a picture archiving and
communication system (PACS).

[0033] The storage unit 110 may further store an ultra-
sound image. The ultrasound image stored in the storage
unit 110 may be a two-dimensional (2D) image or a 3D
image. If the ultrasound image is a 2D image, then the
2D image may be an image of a plane obtained by split-
ting the ultrasound volume data. The ultrasound image
stored in the storage unit 110 may be obtained by scan-
ning an object with the ultrasound apparatus 100 or may
be received through a PACS, in a wired/wireless manner.
[0034] The storage unit 110 may store a plurality of
images obtained by the image processing unit 120, and
an image selected from among the plurality of images
according to an external input signal. Also, the storage
unit 110 may store the selected image to match a corre-
sponding observation operation. Thatis, the storage unlit
110 may store images selected to correspond to obser-
vation operations such that the selected images may
match the observation operations, respectively.

[0035] Hereinafter, the term ’'observation operation’
means a process of observing an object by using an ob-
servation plane. In other words, a user may diagnose the
object by using an observation plane that has been pre-
determined for each of the observation operations. More
specifically, the ultrasound apparatus 100 may obtain an
image by splitting ultrasound volume data based on the
observation plane for each of the observation operations,
and provide the image to a user. This process will be
described in detail with reference to FIGS. 5 to 8 below.
[0036] Theterm observation plane’ means a plane ob-
tained by splitting volume data in a predetermined direc-
tion so as to observe an object. That is, the observation
planeis a plane, the location of which varies inthe volume
data, according to the type of the object to be observed
and an observation operation.

[0037] Thus, the storage unit 110 may store informa-
tion regarding observation operations of observing an
object and observation planes such that each of the ob-
servation operations may match a corresponding obser-
vation plane among the observation planes. For each of
the observing operations, the storage unit 110 may store
information regarding an observation plane and a method
of splitting volume data. Also, the storage unit 110 may
store information regarding an observation plane match-
ing each of the observation operations, a reference point,
and a split method, as setting information.

[0038] A 4-chamber view for observing a fetal heart
will now be described as an example of an observation
operation. The storage unit 110 may store a C-plane as
an observation plane for a 4-chamber view observation
operation. Also, the storage unit 110 may store informa-
tion regarding a method of splitting an image of a heart,
which is to be observed, by a horizontal straight line, as
a split method of splitting volume data on the C-plane.
Furthermore, the storage unit 110 may store a center of
a descending aorta, as a reference point for rotating the
volume data.
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[0039] According to another embodiment of the
presentinvention, the storage unit 110 may store location
information of a plurality of planes obtained by splitting
volume data, in the volume data. A method of storing
various information to match an observation operationin
the storage unit 110, according to an embodiment of the
present invention, will be described in detail with refer-
ence to FIGS. 5 to 8 betow.

[0040] The image processing unit 120 determines ref-
erence points, observation planes, and split methods with
respect to the ultrasound volume data. Information re-
garding the reference points, observation planes, and
split methods may match the respective observation op-
erations. As described above, the information regarding
the determined reference points, observation planes,
and split methods may be stored in the storage unit 110.
[0041] According to one embodiment of the present
invention, the information regarding the reference points,
observation planes, and split methods that match each
of the observation operations may be determined based
information input from a user. Thatis, various information
regarding each observation operation may be deter-
mined by the image processing unit 120, based on the
ultrasound volume data and a predetermined algorithm,
or may be determined according to an external input sig-
nal. This will be described in detail with reference to FIGS.
4A and 4B below.

[0042] Also, the image processing unit 120 obtains a
plurality ofimages by splitting the ultrasound volume data
according to a split method, based on a reference point
and an observation plane. Any of various split methods
may be employed by the image processing unit 120 to
split the ultrasound volume data so as to obtain the plu-
rality of images, as will be described in detail with refer-
ence to FIGS. 5 and 6 below. Also, the image processing
unit 120 may obtain the plurality of images by adjusting
distances between and a total number of sub data to be
split from the ultrasound volume data.

[0043] The display unit 130 may display a plurality of
images of planes obtained by splitting the ultrasound vol-
ume data, on a screen of the ultrasound apparatus 100.
Also, the display unit 130 may display an image stored
to match an observation operation from among the plu-
rality of images, together with the observation operation.
In addition, the display unit 130 may display an exemplary
image of the observation operation.

[0044] According to another embodiment of the
present invention, the display unit 130 may display an
observation operation for an object, which is to be ob-
served, using ultrasound volume data, on a first region
of the screen of the ultrasound apparatus 100. Also, the
display unit 130 may display at least one from among a
reference point, an observation plane matching the ob-
servation operation, and a split method of splitting the
ultrasound volume data, on a second region of the
screen. Furthermore, the display unit 130 may display a
plurality of images obtained by splitting the ultrasound
volume data, based on the observation plane and the
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reference point, on a third region of the screen. The cur-
rent embodiment will be described in greater detail with
reference to FIGS. 5 to 7 below.

[0045] Also, the display unit 130 may display an order
of a current observation operation in all of the observation
operations. For example, when an object is diagnosed
using a total of five observation operations, that a current
observation operation is a second observation operation
among the five observation operations may be dis-
played. Thus, auser may easily understand a whole proc-
ess, and may select a previous observation operation
again through an additional user input.

[0046] According to one embodiment of the present
invention, the display unit 130 may include a plurality of
modules for performing the above operations. For exam-
ple, the display unit 130 may include an observation op-
eration display module for displaying an order of a current
observation operation in all of a plurality of observation
operations. Also, the display unit 130 may include a split
information display module for displaying at least one
from among an observation plane corresponding to the
current observation operation, a reference point, and a
split method of splitting volume data. Furthermore, the
display unit 130 may indude a split screen display module
for displaying a plurality of images of planes obtained by
splitting the volume data.

[0047] The display unit 130 may include at least one
from among a liquid crystal display (LCD), a thin film tran-
sistor-LCD, an organic light-emitting diode (OLED) dis-
play, a flexible display, and a 3D display. Alternatively,
the ultrasound apparatus 100 may include at least two
display units 130 according to a structure thereof.
[0048] The control unit 140 controls overall operations
of the ultrasound apparatus 100. Also, the control unit
140 may control the storage unit 110, the image process-
ing unit 120, and the display unit 130 to manage and
output obtained ultrasound images.

[0049] For example, the control unit 140 may control
the storage unit 110 to store an image selected for an
observation operation such that the selected image may
match the observation operation, and may then proceed
to a subsequent observation operation. In other words,
the control unit 140 may control performing of a plurality
of observation operations.

[0050] The ultrasound apparatus 100 may further in-
clude a user input unit (not shown). The user input unit
receives an external input signal for controlling the ultra-
sound apparatus 100 from a user. For example, the user
input unit may receive an external input signal for select-
ing an image corresponding to a current observation op-
eration from among a plurality of images. Also, the user
input unit may receive an external input signal for select-
ing one of a plurality of observation operations.

[0051] The userinput unit may receive an external in-
put signal via an input unit, e.g., a keyboard, a mouse,
or a stylus pen. Also, the user input unit may receive an
external input signal that is input by directly touching or
dragging on a liquid crystal screen.
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[0052] If the display unit 130 and a touch pad (not
shown) form a layered structure to manufacture a touch
screen, the display unit 130 may act as the user input
unit. In this case, the display unit 130 may sense a
touched location, area, and pressure of a touch input.
The touch screen may sense not only a real touch but
also a proximity touch.

[0053] A method of managing and displaying an ultra-
sound image by using the elements of the ultrasound
apparatus 100 will now be described with reference to
FIGS. 2 and 3. Each of the flowcharts illustrated in FIGS.
2 and 3 includes operations that are sequentially per-
formed by the storage unit 110, the image processing
unit 120, the display unit 130, and the control unit 140 of
the ultrasound apparatus 100.

[0054] FIG. 2 is a flowchart illustrating a method of
managing an ultrasound image, according to an embod-
iment of the present invention. In operation S210, the
ultrasound apparatus 100 determines an observation op-
eration. Specifically, the ultrasound apparatus 100 de-
termines an observation operation from among a plurality
of observation operations, based on a pre-input order or
a user input.

[0055] More specifically, for example, when a user de-
sires to observe all of a left atrium, a left ventricle, a right
atrium, and a right ventricle of a fetal heart, a 4-chamber
view may be appropriate as an observation operation.
Also, a 5-chamber view, a 3-vessel & trachea view, a left/
right ventricular outflow tract (LVOT/RVOT) view, or an
aortic arch view may be used as an observation operation
for observing the fetal heart. In addition, it would be ap-
parent to those of ordinary skill in the art that any of var-
ious other observation operations may be used.

[0056] In operation S220, the ultrasound apparatus
100 displays an observation plane matching the obser-
vation operation. Specifically, the ultrasound apparatus
100 may display an observation plane stored to match
the observation operation determined in operation S210.
[0057] According to an embodiment of the present in-
vention, the observation plane may be an A-plane, a B-
plane, or a C-plane. The A-plane may be an observation
plane of ultrasound volume data viewed from above. The
B-plane may be an observation plane of the ultrasound
volume data viewed from a left or right side. The C-plane
may be an observation plane of the ultrasound volume
data viewed from a front side. That is, the A-plane, the
B-plane, and the C-plane mean a transverse plane, a
sagittal plane, and a coronal plane of the ultrasound vol-
ume data, respectively. Thus, the observation plane may
be one of the A-plane, the B-plane, and the C-plane of
an object, included in the ultrasound volume data.
[0058] According to another embodiment of the
present invention, in operation S220, the ultrasound ap-
paratus 100 may display more than one observation
plane. Thatis, the ultrasound apparatus 100 may display
all of the observation planes, namely, the A-plane, the
B-plane, and the C-plane.

[0059] According to another embodiment of the
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present invention, in operation S220, the ultrasound ap-
paratus 100 may rotate the ultrasound volume data to
obtain the observation plane. That is, the ultrasound ap-
paratus 100 may obtain the observation plane matching
the observation operation by rotating the ultrasound vol-
ume data with respect to a reference point. Information
regarding the reference point and the degree of rotating
the ultrasound volume data may have been stored to
match the observation operation.

[0060] In operation S230, the ultrasound apparatus
100 splits the ultrasound volume data according to the
reference point and a split method matching the obser-
vation operation. The reference point is a point repre-
senting a spatial location in the ultrasound volume data,
and may be expressed with 3D coordinates. The refer-
ence point may also be a location on the observation
plane. A process of determining the reference point will
be described in detail with reference to FIG. 4 below.
[0061] Any of various split methods may be used to
split the ultrasound volume data, in operation S230. For
example, the ultrasound apparatus 100 may split the ul-
trasound volume data, such that planes of the ultrasound
volume data may intersect with one another or may be
disposed apart from one another by a predetermined dis-
tance, with respect to the reference point.

[0062] For example, a case where the observation
plane is the C-plane, i.e., a direction towards a front side
of the ultrasound volume data, may be considered. The
ultrasound apparatus 100 may determine a plurality of
splitlines that split the ultrasound volume data in left and
right directions of the C-plane. The plurality of split lines
may be arranged such that the distances between the
plurality of split lines may be the same in a medical di-
rection with respect to the reference point. The plurality
of split lines are shown as one-directional (1D) lines on
the observation plane, but may mean planes that split
the ultrasound volume data. The ultrasound apparatus
100 may split the ultrasound volume data with the plurality
of split lines determined as described above.

[0063] The ultrasound apparatus 100 may obtain a plu-
rality of images from a result of splitting the ultrasound
volume data in operation S230.

[0064] In operation S240, the ultrasound apparatus
100 displays the plurality of images obtained by splitting
the ultrasound volume data. That is, the ultrasound ap-
paratus 100 may display the plurality of images as can-
didates of the observation operation determined in oper-
ation S210.

[0065] In operation S250, the ultrasound apparatus
100 stores an image selected from among the plurality
of images such that the selected image may match the
observation operation. The stored image may be select-
ed according to an external input signal, or an image
closest to an exemplary image stored in the ultrasound
apparatus 100 may be selected by comparing the plural-
ity of images with the exemplary image.

[0066] For example, if the observation operation is a
4-chamber view, a user may select one image that most
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exactly represents the 4-chamber view from among the
plurality of images. The ultrasound apparatus 100 may
store the selected image to match the 4-chamber view.
Thus, when the user selects the 4-chamber view, the
user may diagnose the object, based on the selected
image stored to match the 4-chamber view. The user
may conveniently and efficiently diagnose the object,
based on images stored to match the 4-chamber view
and other various observation operations.

[0067] In operation S260, the ultrasound apparatus
100 selects a next observation operation. As described
above, the next observation operation may be selected
according to an order that has been previously input to
the ultrasound apparatus 100, or may be selected ac-
cording to an external input signal.

[0068] For example, the ultrasound apparatus 100
may store an image matching the observation operation
which is the 4-chamber view, and then selectthe 5-cham-
ber view as the next observation operation according to
the previously input order. The image processing unit
120 may determine the 4-chamber view, the 5-chamber
view, the 3-vessel & trachea view, or the like, as an ob-
servation operation, based on an external input signal
received via the user input unit.

[0069] FIG. 3 is a flowchartillustrating a method of dis-
playing an ultrasound image, according to an embodi-
ment of the present invention. In operation S310, the dis-
play unit 130 may display an observation operation of
ultrasound volume data for an object that is to be ob-
served, on the first region of the screen of the ultrasound
apparatus 100. In other words, the display unit 130 may
display the observation operation that is manually or au-
tomatically determined by the image processing unit 120
according to an external input signal.

[0070] The displaying of the observation operation
means displaying a location of a viewpoint for observing
the object in the ultrasound volume data. For example,
the display unit 130 may display an image of the object,
e.g., a fetal heart, and a position of the 4-chamber view
which is the observation operation, as will be described
in detail with reference to FIGS. 5 and 6.

[0071] Inoperation S320, the display unit 130 may dis-
play at least one from among an observation plane
matching the observation operation, a reference point,
and a split line for splitting the ultrasound volume data,
on the second region of the screen of the ultrasound ap-
paratus 100. As described above, the split line for splitting
the ultrasound volume data may be determined accord-
ing to a split method stored to match the observation
operation.

[0072] If the observation operation is the 4-chamber
view, the display unit 130 may display a C-plane as the
observation plane, and display a plurality of split lines
that split the ultrasound volume data on the observation
plane. Also, the display unit 130 may display a split meth-
od of splitting the ultrasound volume datain a left direction
and arightdirection of the observation plane, with respect
to the reference point.
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[0073] Inoperation S330, the display unit 130 may dis-
play a plurality of images of planes obtained by splitting
the ultrasound volume data based on the split method
and the reference point, on the third region of the screen
of the ultrasound apparatus 100. The plurality of images
may be images obtained by splitting the ultrasound vol-
ume data by the image processing unit 120. Alternatively,
each of the images may be obtained by splitting the ul-
trasound volume data by using one of the plurality of split
lines displayed on the second region.

[0074] A user may efficiently diagnose the object,
based on content displayed on the first to third regions
of the screen of the ultrasound apparatus 100 by the dis-
play unit 130. That s, an ultrasound image for diagnosing
the object may be conveniently obtained based on the
observation operation, the observation plane, and the
plurality of images of planes obtained by splitting the ul-
trasound volume data.

[0075] FIGS. 4A and 4B are images illustrating a proc-
ess of determining a reference point, performed by the
ultrasound apparatus 100, according to an embodiment
of the present invention.

[0076] Referring to FIG. 4A, the display unit 130 of the
ultrasound apparatus 100 may display an image 410 of
an A-plane of ultrasound volume data 440, an image 420
of a B-plane of the ultrasound volume data 440, animage
430 of a C-plane of ultrasound volume data 440, and the
ultrasound volume data 440 on a left upper portion, a
right upper portion, a left lower portion, and a right lower
portion of a screen 400 of the ultrasound apparatus 100,
respectively. The display unit 130 may output the image
410 of the A-plane, the image 420 of the B-plane, and
the image 430 of the C-plane of the ultrasound volume
data 440 stored in the storage unit 110, to the screen 400
of the ultrasound apparatus 100.

[0077] Referringto FIG. 4A, the image processing unit
120 may determine reference points 415, 425, and 435
of the ultrasound volume data 440. According to an em-
bodiment of the present invention, the image processing
unit 120 may determine the reference points 415, 425,
and 435 from a4-chamber view ormay determine centers
of images of a descending aorta AoD shown in the 4-
chamberview, as the reference points 415, 425, and 435.
In this case, when the image processing unit 120 identi-
fies the descending aorta AoD from the 4-chamber view,
the centers of images of the descending aorta AoD may
be automatically determined as the reference points 415,
425, and 435. Alternatively, the user input unit of the ul-
trasound apparatus 100 may receive an external input
signal for selecting a center of the descending aorta AoD,
and the image processing unit 120 may determine the
reference points 415,425,and 435, based on the external
input signal,

[0078] Although FIG. 4A illustrates a process of deter-
mining the reference points 415, 425, and 435 through
the 4-chamber view of the ultrasound volume data 440,
the image processing unit 120 may determine the refer-
ence points 415, 425, and 435 through various observa-
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tion operations other than the 4-chamber view.

[0079] The storage unit 110 stores the determined ref-
erence points 415, 425, and 435. According to an em-
bodiment of the present invention, the storage unit 110
may store the reference points 415, 425, and 435 to
match respective observation operations as described
above.

[0080] In FIG. 4A, a reference region 433, including
the reference point 435, is shown in the image 430 of the
C-plane. A process of arranging an image 450 of an A-
plane, an image 460 of a B-plane, an image 470 of a C-
plane, and ultrasound volume data 480 with respect to a
reference region 473 will now be described with refer-
ence to FIG. 48.

[0081] Referring to FIG. 4B, a central point 475 and
the reference region 473 are shown in the image 470 of
the C-plane. FIG. 4B illustrates the image 450 of the A-
plane, the image 460 of the B-plane, and the image 470
of the C-plane obtained by rotating the image 410 of the
A-plane, the image 420 of the B-plane, and the image
430 of the C-plane with respect to the reference point
435 (or, central point 475) by the image processing unit
120 in such a manner that the reference region 433 of
FIG. 4A may be vertically disposed.

[0082] Not only areference point but also other criteria
for ultrasound volume data are needed for the ultrasound
apparatus 100 to obtain a plurality of images split from
the ultrasound volume data according to an observation
plane. This is because the ultrasound volume data is a
3D image. That is, a location of the 3D image cannot be
exactly expressed only with one point. Thus, not only the
reference point 435 but also other criteria should be de-
termined to split the ultrasound volume data according
to the observation plane.

[0083] In the current embodiment, the image process-
ing unit 120 determines the other criteria for the 4-cham-
ber view of the ultrasound volume data 440 by rotating
the reference region 433, including the reference point
435, to be vertically disposed. However, the present in-
vention is not limited thereto, and any of other various
methods may be used to determine the other criteria for
the ultrasound volume data 440. Any of other various
methods may be performed with respect to observation
operations other than the 4-chamber view.

[0084] A process of arranging the ultrasound volume
data 440 and the image 410 of the A-plane, the image
420 of the B-plane, and the image 430 of the C-plane,
performed by the image processing unit 120, will now be
described in more detail. According to an embodiment
of the present invention, the image processing unit 120
may reverse a brightness value of the image 430 of the
C-plane of the 4-chamber view, based on a predeter-
mined brightness value. Then, the image processing unit
120 may determine an object to be rotated, based on an
8- or 4-connected component analysis algorithm and a
skeletonization algorithm. Furthermore, the ultrasound
volume data 440 may be rotated by checking an inclina-
tion angle of a determined reference region.
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[0085] In a method of rotating the ultrasound volume
data 440, the image 410 of the A-plane, the image 420
of the B-plane, and the image 430 of the C-plane accord-
ing to another embodiment of the present invention, the
brightness value of the image 430 of the C-plane may be
reversed and two boundary lines may be detected ac-
cording to an edge detection algorithm. Then, the bound-
ary lines may be arranged to be vertically disposed. Al-
tenatively, any of other various methods may be used to
arrange the image 410 of the A-plane, the image 420 of
the B-plane, and the image 430 of the C-plane of the
ultrasound volume data 440.

[0086] The image processing unit 120 may determine
criteria for splitting the ultrasound volume data 480 to
obtain a plurality of images by obtaining the reference
region 473. That is, if an image of the descending aorta
AoD illustrated as a reference region is vertically dis-
posed on a C-plane, then the image processing unit 120
may obtain images for various observation operations by
splitting resultant ultrasound volume data.

[0087] FIG. 5 illustrates a process of obtaining a plu-
rality of images and storing an image selected from
among the plurality of images, performed by the ultra-
sound apparatus 100, according to an embodiment of
the present invention. A case where the image process-
ing unit 120 determines a 4-chamber view as an obser-
vation operation will now be described.

[0088] The display unit130 may display the 4-chamber
view as an observation operation on a first region 510 of
a screen 500 of the ultrasound apparatus 100. That is,
the display unit 130 may display a location of a plane
corresponding to a 4-chamber view for observing a fetal
heart, in the volume data.

[0089] Hereinafter, the terms ‘first region’, ’'second re-
gion’, and 'third region’ denote a plurality of regions dis-
played on a screen of the ultrasound apparatus 100, re-
gardless of the order thereof. In other words, each of
these terms may be selected for convenience of expla-
nation, regardless of locations thereof on the screen of
the ultrasound apparatus 100.

[0090] In Fig. 5, four observation operations 5101,
5102, 5103, and 5104 are displayed on the first region
510, and a current observation operation 5104 which is
a 4-chamber view is thickly displayed from among these
observation operations. Here, the term ’'current observa-
tion operation’ may mean an observation plane on which
a process of selecting and storing an image is performed
based on previously stored information about an obser-
vation plane, a reference point, and a split method, from
among these observation operations.

[0091] The display unit 130 may display an observation
plane corresponding to the current observation operation
5104 and a plurality of splitlines 5201, 5202, ..., 5216 for
splitting ultrasound volume data, on a second region 520
of the screen 500. The display unit 130 may further dis-
play a reference point matching the current observation
operation 5104.

[0092] As described above, when the 4-chamber view



15 EP 2 700 364 A2 16

is determined as an observation operation, the 4-cham-
ber view corresponds to an image of an A-plane obtained
by horizontally splitting the ultrasound volume data. That
is, a plane obtained by horizontally splitting the ultra-
sound volume data based on the image of the C-plane
is the 4-chamber view. Thus, the display unit 130 may
display the C-plane as the observation plane and the
plurality of split tines 5201, 5202, ... , 5216 that horizon-
tally split the image of the C-plane.

[0093] On the other hand, since the image of the A-
plane may also be obtained by horizontally splitting an
image of a B-plane, the image processing unit 120 may
determine a reference point based on the B-plane, In this
case, the display unit 130 may display a plurality of split
lines that horizontally split the image of the B-plane.
[0094] Then,the image processing unit 120 may obtain
a plurality of images by splitting the ultrasound volume
data. That is, the image processing unit 120 may obtain
images of planes obtained by splitting the ultrasound vol-
ume data by using the plurality of split lines 5201,
5202, ..., 5216. The images of the planes may be 2D
images of planes obtained by splitting the ultrasound vol-
ume data with respect to a reference point determined
for the current observation operation 5104.

[0095] According to an embodiment of the present in-
vention, the image processing unit 120 may obtain a plu-
rality of images by adjusting the distances between or a
total number of the plurality of split lines 5201, 5202, ...,
5216 that split the ultrasound volume data. That is, the
image processing unit 120 may obtain a plurality of im-
ages by more densely or sparsely splitting the ultrasound
volume data by arbitrarily adjusting the distances be-
tween the plurality of splitlines 5201, 5202, ...,5216. Oth-
erwise, the image processing unit 120 may adjust the
number of images to be obtained by adjusting the total
number of split lines 5201, 5202, ..., 5216.

[0096] Then, the display unit 130 may display the im-
ages of the planes obtained by splitting the ultrasound
volume data by using the plurality of split lines 5201,
5202, ..., 5216, on a third region 530 of the screen 530.
For example, sixteen images displayed on the screen
500 of the ultrasound apparatus 100 are images of planes
obtained by splitting the ultrasound volume data by using
the plurality of split lines 5201, 5202, ..., 5216 displayed
on the second region 520.

[0097] Then, the user input unit may receive an input
for selecting one of the plurality of images from a user.
That is, the display unit 130 may receive an input for
selecting an image that most exactly represents the 4-
chamber view from among the images of the planes ob-
tained by splitting the ultrasound volume data, from the
user. Further, the storage unit 110 may store an image
selected according to an external input signal to match
an observation operation.

[0098] According to an embodiment of the present in-
vention, when the selected image is stored to match the
observation operation, the storage unit 110 may also
store either information about split lines that split the ul-
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trasound volume data or location information of a plane
corresponding to the selected image so as to obtain the
selected image. For example, a case where the image
selected from among the plurality of images displayed in
FIG. 5 corresponds to the plane obtained by splitting the
ultrasound volume data by using the last split line 5216
from among the plurality of split lines 5201, 5202, ...,
5216 displayed on the second region 520 may be con-
sidered. In this case, the storage unit 110 may store in-
formation about the 4-chamber view which is the obser-
vation operation, the selected image, and the last split
line 5216. Otherwise, the storage unit 110 may store the
location information of the plane based on the last split
line 5216, instead of the last split line 5216.

[0099] According to another embodiment of the
presentinvention, the storage unit 110 may store notonly
an image selected from among a plurality of images,
which are obtained by the image processing unit 120,
according to an external input signal, but also the other
images. Thus, if the current observation operation 5104
is selected again, the display unit 130 may display the
stored plurality of images again and the image process-
ing unit 120 thus needs not to split the ultrasound volume
data again. According to this embodiment, a time needed
for the image processing unit 120 to split the ultrasound
volume data may be reduced.

[0100] FIG. 5 illustrates a result of splitting ultrasound
volume data based on the C-plane as an observation
plane and the plurality of split lines 5201, 5202, ..., 5216
which are parallel lines, performed by the image process-
ing unit 120. In other words, the plurality of split lines
5201, 5202, ..., 5216 are displayed as parallel lines on
the C-plane which is an observation plane, but actually
correspond to planes that split the ultrasound volume da-
ta.

[0101] However, although the planes that split the ul-
trasound volume data are displayed in parallel on the C-
plane which is an observation plane, the planes may not
be parallel with one another, as shown on the first region
510. That s, each of the planes that split the ultrasound
volume data may form a predetermined angle with re-
spect to the C-plane which is an observation plane.
[0102] In other words, the planes that split the ultra-
sound volume data may split the ultrasound volume data
to be parallel with the A-plane which is an observation
plane, but may split the ultrasound volume data not to be
parallel with the A-plane, as shown in the first region 510.
In other words, the image processing unit 120 may split
the ultrasound volume data such that the planes that split
the ultrasound volume data may contact the A-plane.
[0103] The ultrasound volume data may be split ac-
cording to any of various methods other than the method
described with reference to FIG. 5. A method of splitting
the ultrasound volume data, according to another em-
bodiment of the present invention, will be described with
reference to Fig. 6 below.

[0104] FIG. 6 illustrates a process of obtaining a plu-
rality of images and storing an image selected from
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among the plurality of images, performed by an ultra-
sound apparatus, according to another embodiment of
the present invention.

[0105] Similar to the process of FIG. 5, the display unit
130 may display an observation operation on afirstregion
610 of a screen 600 of the ultrasound apparatus 100.
Similarly, the display unit 130 may display a plurality of
split lines 6201, 6202, ..., 6206 that split ultrasound vol-
ume data based on the observation plane, on a second
region 620 of the screen 600, and may display a plurality
of images obtained by splitting the ultrasound volume
data by using the plurality of split lines 6201, 6202, ...,
6206, on a third region 630 of the screen 600.

[0106] FIG. 6 illustrates a case where an LVOT view
is determined as the observation operation for the ultra-
sound volume data. The LVOT view is an observation
operation for observing a left ventricular outflow tract and
corresponds to an image of a B-plane. The display unit
130 may display the determined observation operation
on the first region 610 of the screen 600. According to
an embodiment of the present invention, the display unit
130 may display an observation operation, which is de-
termined by the image processing unit 120, thickly or
using a different color, so that a user may easily distin-
guish the determined observation operation from other
observation operations. In FIG. 6, an LVOT view 6103 is
displayed thickly.

[0107] In the current embodiment, the image process-
ing unit 120 may determine a reference point of the ul-
trasound volume data from a 5-chamber view image, to
correspond to the LVOT view which is the observation
operation.

[0108] Also, in the current embodiment, the image
processing unit 120 may determine an A-plane as an
observation plane. That is, since the LVOT view corre-
sponds to a B-plane, an image corresponding to the
LVOT view may be selected from among a plurality of
images obtained by splitting the ultrasound volume data
by using split lines displayed on the A-plane.

[0109] Similar to the 4-chamber view, the 5-chamber
view corresponds to an A-plane and is an observation
operation for observing not only a left atrium, a left ven-
tricle, a right atrium, and a right ventricle of a fetal heart
but also an aorta. In the current embodiment, the image
processing unit 120 may determine a center of an aorta
observed from the 5-chamber view, as a reference point.
[0110] Then,the image processing unit 120 may obtain
a plurality of images split from the ultrasound volume
data, based on the observation plane and the reference
point. In other words, the image processing unit 120 may
obtain a plurality of images split from the ultrasound vol-
ume data by using the plurality of split lines 6201,
6202, ..., 6206 displayed on the second region 620 of the
screen 600.

[0111] Unlike in the process of FIG. 5, the plurality of
images may be obtained by splitting the ultrasound vol-
ume data such that planes that split the ultrasound vol-
ume data may intersect with respect to the reference
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point, according to the process of FIG. 6.

[0112] Thatis, the image processing unit 120 may split
the ultrasound volume data such that the plurality of split
lines 6201, 6202, ..., 6206 may intersect with reference
to the reference point, on the A-plane which is the obser-
vation plane. The plurality of split lines 6201, 6202, ...,
6206 correspond to the planes that split the ultrasound
volume data, respectively. Accordingly, the planes that
split the ultrasound volume data intersect with reference
to the reference point.

[0113] As described above, since the ultrasound vol-
ume data is split, based on the plurality of split lines 6201,
6202, ..., 6206 displayed on the A-plane, each of the plu-
rality of images is a B-plane or a C-plane. The display
unit 130 may display the images of the planes that split
the ultrasound volume data, on the third region 630 of
the screen 600.

[0114] A process of storing an image selected from
among the plurality of images according to an external
input signal so as to match the observation operation,
performed by the storage unit 110, is as described above
with reference to FIG . 5.

[0115] FIG. 7 illustrates a process of storing an image
selected from among a plurality of images according to
an external input signal such that the selected image may
match an observation operation, according to an embod-
iment of the present invention.

[0116] As described above with reference to FIGS. 5
and 6, the display unit 130 may display a plurality of im-
ages split from ultrasound volume data, and the storage
unit 110 may store an image selected from the plurality
of images according to an external input signal such that
the selected image may match an observation operation.
Contents displayed on a firstregion 710, a second region
720, and a third region 730 of a screen of the ultrasound
apparatus 100 by the display unit 130 are substantially
the same as those described above with reference to
FIGS. 5 and 6.

[0117] In the current embodiment, the ultrasound ap-
paratus 100 may repeatedly perform the process de-
scribed above with reference to FIG. 5 or 6 with respect
to a plurality of observation operations. That is, the ultra-
sound apparatus 100 stores the selected image to match
a first observation operation from among the plurality of
observation operations.

[0118] Then, the ultrasound apparatus 100 selects a
second observation operation as a next observation op-
eration, and performs the process, which was performed
with respect to the first observation operation, with re-
spect to the second observation operation. However, in
this case, a plurality of images are obtained using a ref-
erence point, an observation plane, and a split method
matching the second observation operation.

[0119] After an image selected from among a plurality
of images is stored to match the second observation op-
eration, the ultrasound apparatus 100 performs the proc-
ess with respect to the other operations, e.g., a third ob-
servation operation, a fourth observation operation, and
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so on. As described above, an order of selecting the plu-
rality of observation operations may be determined ac-
cording to a protocol that has been input to the ultrasound
apparatus 100.

[0120] Forexample, afterauserselectsanimage 7301
from among a plurality of images of a 4-chamber view
7104 and the ultrasound apparatus 100 stores the image
7301 to match the 4-chamber view 7104, a 5-chamber
view 7103 may be determined as a subsequent obser-
vation operation. Then, the storage unit 110 may store
an image 7302 selected from among the plurality of im-
ages based on an input received from a user, such that
the image 7301 may match the 5-chamber view 7103.
Similarly, the ultrasound apparatus 100 may display a
plurality ofimages of a main pulmonary artery view 7102,
and may store an image 7303 selected from among the
plurality of images according to an external input signal
such that the image 7303 may match the main pulmonary
artery view 7102.

[0121] Alternatively, a user himself or herself may se-
lect an observation operation f. After an image matching
the third observation operation is stored, the ultrasound
apparatus 100 may receive an external input signal for
selecting the first observation operation when the user
desires to replace the image matching the first observa-
tion operation with a new image.

[0122] Forexample, a case where the observation op-
eration is a 5-chamber view and the second observation
operation is an LVOT view will now be described. As
described above with reference to FIG. 5, the image
processing unit 120 may use a C-plane as an observation
plane to obtain a plurality ofimages matching the 5-cham-
ber view which is the first observation operation. In other
words, the image processing unit 120 may determine a
center of a descending aorta shown in an image of the
C-plane, as a reference point, and may split ultrasound
volume data to obtain a plurality of A-plane images.
[0123] After the storage unit 110 stores one of the plu-
rality of A-plane images to match the 5-chamber view,
the control unit 140 may control the image processing
unit 120 to determine the LVOT view as the second ob-
servation operation, according to a predetermined order
or an external input signal. When the image processing
unit 120 determines the LVOT view as the second ob-
servation operation, a C-plane image may be used as an
observation plane. Further, the image processing unit
120 may determine a new reference point of the C-plane
image. That is, the image processing unit 120 may de-
termine a center of an aorta shown in the C-plane image
as a new reference point of the second observation op-
eration.

[0124] Examples of an observation operation may in-
clude not only the 4-chamber view and the 5-chamber
view described above but also other various observation
operations. A 3-vessel & trachea view, an LVOT/RVOT
view, and an aortic arch view may be used as observation
operations as described above. Also, a ductal arch view,
a superior vena cava (SVC) view, an inferior vena cave
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(IVC) view, and upper abdomen with the stomach view,
and the like may be used as observation operations.
[0125] By repeatedly performing the process de-
scribed above, the ultrasound apparatus 100 may store
images selected by a user such that the selected images
may automatically match various observation opera-
tions, respectively. Thus, the user may himself or herself
efficiently diagnose an object without having to process
ultrasound volume data with respect to each of various
observation operations.

[0126] According to an embodiment of the present in-
vention, when the ultrasound apparatus 100 performs
image matching while changing observation operations,
if the changed observation operations correspond to the
same type of observation plane, then the display unit 130
may display an image without changing observation
planes. For example, all of the 4-chamber view, the 5-
chamber view, and the 3-vessel & trachea view are ob-
servation operations corresponding to an A-plane and
may thus match a C-plane as an observation plane. Thus,
as a current observation operation is sequentially
switched to other observation operations, the ultrasound
apparatus 100 may perform image display by simply
switching between the split lines 7101, 7102, 7103, and
7104 to be thickly displayed on the first region 710 while
maintaining the observation plane 720. According to the
current embodiment, the ultrasound apparatus 100 may
avoid unnecessary changing of observation planes.
[0127] Inthe previous embodiment, the ultrasound ap-
paratus 100 may determine an order of a plurality of ob-
servation operations according to the types of observa-
tion planes matching the plurality of observation opera-
tions. In other words, when the ultrasound apparatus
100 displays observation operations corresponding to
the same observation plane, e.g., an A-plane, a B-plane,
or a C-plane, in a consecutive order, a change in content
to be displayed may be minimized.

[0128] According to another embodiment of the
present invention, although not shown in FIG. 7, the dis-
play unit 130 may display a name of an observation op-
eration on the screen of the ultrasound apparatus 100.
For example, the display unit 130 may not only display
images of respective observation operations but also dis-
play names of the respective observation operations in
the form of text, on the first region 710 of the screen.
Thus, a user may view the images of the respective ob-
servation operations displayed on the firstregion 710 and
may further exactly identify a current observation oper-
ation.

[0129] According to another embodiment of the
present invention, the display unit 130 may mark the im-
ages 7301, 7302, and 7303, which are respectively se-
lected with respect to observation operations according
to an external input signal, to be differentiated from other
images. Specifically, the display unit 130 may express
the images 7301, 7302, and 7303 selected from among
images displayed on the third region 730 of the screen
with a different chroma or color, mark a number indicating
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that the selected images 7301, 7302, and 7303 are se-
lected, or mark names of the observation operations
matching the respective selected images 7301, 7302,
and 7303. Thus, auser may selectanimage ofthe current
observation operation, based on marked images select-
ed with respect to the observation operations.

[0130] FIG. 8illustrates a process of displaying an ex-
emplary image of an observation operation, according to
an embodiment of the present invention. In FIG. 8, the
display unit 130 may display an exemplary image of a
determined observation operation 8104 on a second re-
gion 820 of a screen 800, instead of a plurality of split
lines that split ultrasound volume data. In other words,
the display unit 130 may display exemplary images of
respective observation operations, stored in the storage
unit 110, so that an image may be selected from among
a plurality ofimages, based on an ideal ultrasound image
of a selected observation operation. Here, an exemplary
image may be a real image obtained from an object but
may be a simple picture as illustrated in FIG. 8.

[0131] Referring to the embodiment of FIG. 8, the dis-
play unit 130 may display an exemplary image of a 4-
chamber view on the second region 820, and a user may
select animage that most exactly represents the 4-cham-
ber view from among a plurality of images displayed on
a third region 830 of the screen 800, based on the ex-
emplary image.

[0132] FIG. 8 illustrates that the display unit 130 dis-
plays the exemplary image on the second region 820,
but split lines that split ultrasound volume data may be
displayed onthe second region 820 asiillustrated in FIGS.
5 to 7 and the exemplary image may be displayed on a
fourth region (not shown) of the screen 800. According
to another embodiment of the present invention, the dis-
play unit 130 may further display a text 840 which a user
may refer to, on the screen 800 of the ultrasound appa-
ratus 100.

[0133] Before describing FIGS. 9 and 10, an additional
embodiment of the present invention will be described
with reference to FIG. 11. FIG. 11 illustrates that the dis-
play unit 130 displays a screen 1100 including the first
to third regions 710 to 730 shown in FIG. 7, together with
a flowchart 1110 of an observation operation, according
to an embodiment of the present invention. That is, the
display unit 130 may display an order of a current obser-
vation operation in all of a plurality of observation oper-
ations.

[0134] For example, as illustrated in FIG. 11, when a
4-chamber view, a 5-chamber view, and a 3-vessel &
trachea view are sequentially performed, the display unit
130 may display this order. Although not shown in FIG.
11, if a current observation operation is the 5-chamber
view, the display unit 130 may display a region corre-
sponding to the 5-chamber view, with a rectangle or with
a different color so that the image region may be visually
differentiated from other regions.

[0135] In relation to the embodiment of FIG. 11, the
ultrasound apparatus 100 may select another observa-
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tion operation according to an external input signal. If a
current observation operation is the 5-chamber view and
a user desires to change an image stored to match the
4-chamber view, the ultrasound apparatus 100 may re-
ceive an external input signal, e.g., an input of touching
a region matching the 4-chamber view. Thus, the ultra-
sound apparatus 100 may switch the current observation
operation from the 5-chamber view to the 4-chamber
view, and store a new image of the 4-chamber view by
displaying images of planes that split ultrasound volume
data again.

[0136] According to the embodimentof FIG. 11, a user
may easily check an order of the current observation op-
eration in all of the observation operations, and may ar-
bitrarily change the order of the observation operations.
[0137] FIGS. 9 and 10 are diagrams illustrating proc-
esses of displaying an observation operation together
with an image corresponding to the observation opera-
tion, according to embodiments of the present invention.
[0138] According to an embodiment of the present in-
vention, the display unit 130 may display an image stored
to match an observation operation, together with the ob-
servation operation. If images that are respectively se-
lected for a plurality of observation operations according
to an external input signal are stored, the display unit 130
may display the selected images together with the plu-
rality of observation operations corresponding thereto.
[0139] Referring to the embodiment illustrated in FIG.
9, the display unit 130 may display not only four obser-
vation operations 1, 2, 3, and 4 on a first region 910 but
alsoimages 911,912,913, and 914 stored to respectively
correspond to the observation operations 1,2,3, and 4.
[0140] According to an embodiment of the present in-
vention, unlike in FIG. 9, the display unit 130 may expand
and display only an image corresponding to an observa-
tion operation selected from among the four observation
operations 1, 2, 3, and 4.

[0141] Specifically, when one of the observation oper-
ations 1,2, 3, and 4 is selected according to a user input
received via the user input unit, the display unit 130 may
expand and display only image stored to correspond to
the selected observation operation, without displaying all
of the images 911, 912, 913, and 914. Thus, a user may
observe the image matching the selected observation
operation in a larger size than when of the images 911,
912, 913, and 914 are displayed.

[0142] According to another embodiment of the
present invention, while the display unit 130 displays an
observation operation and an image corresponding
thereto, the control unit 140 may control the storage unit
110 to store a new image corresponding to the observa-
tion operation, based on a received user input. That is,
when a user determines that the image stored to corre-
spond to the observation operation is not appropriate and
thus desires to store a new image corresponding to the
observation operation, the control unit 140 may control
the display unit 130 to display a plurality ofimages, which
are obtained for the observation operation by using the
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image processing unit 120, again.

[0143] Forexample, when a user desires to change an
image stored for a 4-chamber view, the user input unit
may receive an external input signal that instructs to se-
lect a new image from the user. Thus, the control unit
140 may control a plurality of images for the 4-chamber
view, which are obtained by splitting ultrasound volume
data by the image processing unit 120, to be displayed
again. Then, the storage unit 110 may store a new image
for the 4-chamber view, based on the external input sig-
nal.

[0144] Alternatively, the control unit 140 may control
not only data stored for the observation operation but
also data stored for a reference point and an observation
plane, to be changed. Specifically, the control unit 140
may control the image processing unit 120 to determine
a new reference point and a new observation plane. Ac-
cording to another embodiment of the present invention,
the control unit 140 may control images stored to match
all observation operations other than images stored to
match one observation operation, to be determined
again.

[0145] Referring to FIG. 10, similar to the process of
FIG. 9, the display unit 130 may display observation op-
erations 1, 2, and 3 on a first region 1010, and images
1011, 1012, and 1013 stored to correspond to the obser-
vation operations 1, 2, and 3.

[0146] Referring to FIG. 9, the images 911, 912, 913,
and 914 stored to correspond to the observation opera-
tions 1, 2, 3, and 4 are images of A-planes that horizon-
tally split ultrasound volume data, whereas referring to
FIG. 10, the images 1011, 112, and 1013 stored to cor-
respond to the observation operations 1, 2, and 3 are
images of B-planes or C-planes that vertically split ultra-
sound volume data.

[0147] According to an embodiment of the present in-
vention, as illustrated in FIGS, 9 and 10, the display unit
130 displays observation operations and images corre-
sponding thereto, based on whether each of the obser-
vation planes corresponding to these images is an A-
plane, a B-plane, or a C-plane. That is, the display unit
130 may display the images stored to correspond to the
observation operations such that the images may be
classified according to observation planes.

[0148] The methods described above may be embod-
ied as a computer program. The computer program may
be stored in a computer-readable recording medium, and
executed using a general digital computer. Data struc-
tures employed in the methods may be recorded on a
computer-readable recording medium via various
means. Devices that may be used to store programs in-
cluding computer codes for performing various methods
according to the present invention should not be under-
stood as including temporary objects, such as carrier
waves or signals. Examples of the computer-readable
medium may include a magnetic recording medium (a
ROM, a floppy disc, a hard disc, etc.), and an optical
recording medium (a CD-ROM, a DVD, etc.).
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[0149] There are cases where a conventional ultra-
sound apparatus cannot efficiently diagnose an object,
according to the skill level of a user. In particular, in the
case of an object, the location and direction of which are
irregular, e.g., a fetal heart, a result of diagnosing the
object may often vary according to users. However, ac-
cording to the above embodiments, a user may be auto-
matically provided an image for an observation operation
from ultrasound volume data. Accordingly, the object
may be efficiently and conveniently diagnosed through
an ultrasound examination.

[0150] As described above, a user may easily obtain
and interpret an ultrasound image of a fetal heart without
cumbersome manipulations. Also, even inexperienced
users are capable of efficiently obtaining an ultrasound
image according to a predetermined protocol. That is,
when an ultrasound image of an object, e.g., afetal heart,
is obtained and the object is diagnosed based on the
ultrasound image, dependence upon a user and a rate
of success may be improved.

[0151] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, 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 invention as defined by the ap-
pended claim. The exemplary embodiments should be
consideredin descriptive sense only and not for purposes
of limitation. Therefore, the scope of the invention is de-
fined not by the detailed description of the invention but
by the appended claims, and all differences within the
scope will be construed as being included in the present
invention.

Claims

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

determining a reference point and an observa-
tion plane of ultrasound volume data;
obtaining a plurality of images by splitting the
ultrasound volume data, based on the reference
point and the observation plane; and

storing an image selected from among the plu-
rality of images according to an external input
signal such that the selected image matches a
current observation operation from among a plu-
rality of observation operations for observing an
object.

2. The method of claim 1, wherein the obtaining of the
plurality of images comprises obtaining the plurality
of images by splitting the ultrasound volume data
suchthatplanesthatsplitthe ultrasound volume data
form a predetermined angle with the observation
plane.
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The method of claim 1, wherein the obtaining of the
plurality of images comprises obtaining the plurality
of images by splitting the ultrasound volume data
such that planes that split the ultrasound volume data
intersect with respect to the reference point.

The method of claim 1, wherein the obtaining of the
plurality of images comprises obtaining the plurality
of images by adjusting at least one of distances be-
tween and a total number of planes that split the ul-
trasound volume data.

The method of claim 1 wherein the storing of the
image selected from among the plurality of images
comprises storing location information of planes that
split the ultrasound volume data, together with the
selected image, so as to obtain the selected image.

The method of claim 1, further comprising displaying
the current observation operation and an image
stored to match the current observation operation
together.

The method of claim 6, wherein the displaying of the
current observation operation and the image stored
to match the current observation operation together
comprises displaying an exemplary image of the cur-
rent observation operation.

The method of claim 1, further comprising arranging
the ultrasound volume data such that a reference
region, including the reference point, is disposed in
a determined direction.

The method of claim 1, further comprising selecting
the current observation operation from among the
plurality of observation operations,

wherein the selecting of the current observation op-
eration comprises selecting the current observation
operation from among the plurality of observation
operations, according to a predetermined order or
an external input signal.

The method of claim 1, further comprising selecting
one of the plurality of observation operations as a
new current observation operation, and

wherein the method is repeatedly performed.

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

displaying an order of a current observation op-
eration for diagnosing an object in a plurality of
observation operations, on a first region of a
screen;

displaying at least one of an observation plane
corresponding to the current observation oper-
ation, a reference point, and a split method of
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splitting ultrasound volume data, on a second
region of the screen; and
displaying a plurality of images of planes that
split the ultrasound volume data based on the
observation plane and the reference point, on a
third region of the screen.

12. An ultrasound apparatus comprising:

a storage unit for storing ultrasound volume da-
ta;

an image processing unit for determining a ref-
erence point and an observation plane for the
ultrasound volume data, and obtaining a plural-
ity of images by splitting the ultrasound volume
data, based on the reference point and the ob-
servation plane;

a display unit for displaying the plurality of im-
ages; and

a control unit for controlling the storage unit, the
image processing unit, and the display unit,
wherein the storage unit stores an image select-
ed from among the plurality ofimages according
to an external input signal such that the selected
image matches a current observation operation
from among a plurality of observation operations
for observing an object.

13. An apparatus for displaying an ultrasound image,

the apparatus comprising:

an observation operation display module for dis-
playing an order of a current observation oper-
ation for diagnosing an object in a plurality of
observation operations, on a first region of a
screen;

a splitinformation display module for displaying
atleast one of an observation plane correspond-
ing to the current observation operation, a ref-
erence point, and a split method of splitting ul-
trasound volume data, on a second region of the
screen; and

a split screen display module for displaying a
plurality of images of planes that split the ultra-
sound volume data based on the observation
plane and the reference point, on a third region
of the screen.

14. A method of managing an ultrasound image, the

method comprising:

storing a plurality of pieces of setting information
to respectively match a plurality of observation
operations for diagnosing an object, each of the
plurality of pieces of setting information includ-
ing at least one from among information about
an observation plane that splits ultrasound vol-
ume data in a predetermined direction, informa-
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tion about a split method of splitting the ultra-
sound volume data, and information about a ref-
erence point;

displaying a plurality of plane images for a cur-
rent observation operation which is one of the 5
plurality of observation operations, wherein the
plurality of plane images are obtained based on

a piece of the setting information matching the
current observation operation;

storing an image selected from among the plu- 70
rality of plane images according to an external
input signal such that the selected image match-

es the current observation operation; and
repeatedly performing a process of displaying a
new observation operation and storinganimage 15
to match the new observation operation.

15. A computer-readable recording medium having re-
corded thereon a computer program for executing
the method of any one of claims 1. 20
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