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7) ABSTRACT

Provided is an ultrasound diagnosis apparatus includes a
display; and a processor configured to acquire an ultrasound
image of a two-dimensional (2D) cross-section including a
first point representing a crux of a heart of a fetus and a
second point representing a center of a spine, based on
ultrasound image data of the fetus, display a first body axis
including a line connecting the first point and the second
point on the ultrasound image, display a first heart axis
corresponding to a heart wall of the heart on the ultrasound
image, and display an angle indicator indicating angle
information about an angle between the first body axis and
the first heart axis on the ultrasound image.
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ULTRASOUND DIAGNOSIS APPARATUS
AND METHOD OF CONTROLLING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2018-0003351, filed on Jan. 10,
2018, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field

[0002] The present disclosure relates to ultrasound diag-
nosis apparatuses, methods of controlling the ultrasound
diagnosis apparatuses, and computer-readable recording
media having embodied thereon a program for executing the
methods in a computer.

2. Description of the Related Art

[0003] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and detect information about signals reflected from
the object, thereby obtaining at least one image of an internal
part, for example, soft tissue or blood flow, of the object.
[0004] Fetal cardiac anomalies, which are often not
detected by blood tests or abnormal examinations, require
fetal echocardiography. Using echocardiography, a move-
ment of the heart may be observed in real time, and an
anatomical structure of the heart, cardiac function, and
intracardiac pressure may be observed in real time and
non-invasively.

[0005] To determine whether the fetal heart is normal, a
method of determining whether an axis of the fetal heart is
within a normal range is performed using a four-chamber
view of the fetal heart. When determining the axis of the
fetal heart, the axis of the heart is determined by using a crux
which is a center of a wall of the four-chamber and the spine.
In a conventional determination method, a physician manu-
ally draws a line through the crux and the spine and
calculates an angle between the line and the heart wall.
When the calculated angle is near 45°, the fetal heart is
determined to be normal, and when the calculated angle is
out of this range, the fetal heart is suspected to be abnormal.
[0006] Conventionally, when a physician manually pet-
forms such an operation using a tool provided by an ultra-
sonic apparatus, a read error may occur, and it is difficult to
visually detect abnormalities.

SUMMARY

[0007] Provided are ultrasound diagnosis apparatuses and
methods of controlling the ultrasound diagnosis apparatuses
capable of automatically detecting information about an axis
of a heart and efficiently diagnosing a heart abnormality
through an angle indicator.

[0008] Provided are also ultrasound diagnosis apparatuses
and methods of controlling the ultrasound diagnosis appa-
ratuses allowing a user to intuitively determine whether a
heart axis is abnormal based on information about the heart
axis automatically detected and analyzed.
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[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0010] According to an aspect of an embodiment, an
ultrasound diagnosis apparatus includes a display; and a
processor configured to acquire an ultrasound image of a
two-dimensional (2D) cross-section including a first point
representing a crux of a heart of a fetus and a second point
representing a center of a spine, based on ultrasound image
data of the fetus, display a first body axis including a line
connecting the first point and the second point on the
ultrasound image, display a first heart axis corresponding to
aheart wall of the heart on the ultrasound image, and display
an angle indicator indicating angle information about an
angle between the first body axis and the first heart axis on
the ultrasound image.

[0011] The processor may be further configured to recog-
nize a body of the fetus and acquire the ultrasound image of
the cross-section including the body of the fetus and a
four-chamber view of the heart.

[0012] The processor may be further configured to display
a second body axis perpendicular to the first body axis on the
ultrasound image.

[0013] The processor may be further configured to detect
aventricular septum of the heart and determine the first heart
axis based on a position of the ventricular septum.

[0014] The angle indicator may include information indi-
cating whether the heart is in a normal state.

[0015] The angle indicator may include angle range infor-
mation indicating that the heart is in the normal state.

[0016] The processor may be further configured to display
the angle range information in a different color according to
a probability that the heart is in the normal state.

[0017] The processor may be further configured to display
a color indicating an angle between the first body axis and
the first heart axis and a color bar indicating an angle value
corresponding to the color.

[0018] The processor may be further configured to acquire
the ultrasonic image of the 2D cross-section, based on
three-dimensional (3D) ultrasonic image data of the fetus.

[0019] The processor may be further configured to display
a schematic view of the heart of the fetus including position
information of the first body axis, a position of the first heart
axis, the angle information, and the angle indicator.

[0020] According to an aspect of another embodiment, a
method of controlling an ultrasound diagnosis apparatus
includes acquiring an ultrasound image of a two-dimen-
sional (2D) cross-section including a first point representing
a crux of a heart of a fetus and a second point representing
a center of a spine, based on ultrasound image data of the
fetus; displaying a first body axis including a line connecting
the first point and the second point on the ultrasound image;
displaying a first heart axis corresponding to a heart wall of
the heart on the ultrasound image; and displaying an angle
indicator indicating angle information about an angle
between the first body axis and the first heart axis on the
ultrasound image.

[0021] According to an aspect of another embodiment, a
computer-readable recording medium having embodied
thereon a program for executing a method of controlling an
ultrasound diagnosis apparatus in a computer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0023] The above and other features and advantages will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached draw-
ings in which reference numerals mean structural elements:
[0024] FIG. 11is a block diagram illustrating an ultrasound
diagnosis apparatus according to an exemplary embodiment;
[0025] FIGS. 2A, 2B, and 2C are diagrams respectively
illustrating an ultrasound diagnosis apparatus according to
an exemplary embodiment;

[0026] FIG. 3 is a block diagram showing a configuration
of an ultrasound diagnosis apparatus according to an exem-
plary embodiment;

[0027] FIG. 4 1s a flowchart of a method of controlling an
ultrasound diagnosis apparatus according to an exemplary
embodiment;

[0028] FIG. 5 shows a schematic diagram of a body and a
heart of a fetus included in an ultrasound image acquired by
the ultrasound diagnosis apparatus;

[0029] FIG. 6A illustrates an ultrasound image displayed
by an ultrasound diagnosis apparatus according to an exem-
plary embodiment;

[0030] FIG. 6B is a diagram for explaining an ultrasound
diagnosis apparatus recognizing a body and the heart in an
ultrasound image, according to an exemplary embodiment;
[0031] FIG. 6C is a diagram for explaining an ultrasound
diagnosis apparatus acquiring a first point and a second point
in an ultrasound image, according to an exemplary embodi-
ment.

[0032] FIG. 6D is a diagram for explaining an ultrasound
diagnosis apparatus acquiring a first body axis and a second
body axis in an ultrasound image, according to an exemplary
embodiment.

[0033] FIG. 6F is a diagram for explaining an ultrasound
diagnosis apparatus acquiring a heart axis of a fetus in an
ultrasound image, according to an exemplary embodiment;
[0034] FIG. 7 illustrates an ultrasound image displayed by
an ultrasound diagnosis apparatus together with an angle
indicator, according to an exemplary embodiment;

[0035] FIG. 8 illustrates an ultrasound image displayed by
an ultrasound diagnosis apparatus together with an angle
indicator, according to an exemplary embodiment;

[0036] FIG.9illustrates an ultrasound image displayed by
an ultrasound diagnosis apparatus, according to an exem-
plary embodiment; and

[0037] FIG.101s a flowchart of a method of controlling an
ultrasound diagnosis apparatus, according to an exemplary
embodiment.

DETAILED DESCRIPTION

[0038] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0039] In the following description, the same drawing
reference numerals are used for the same elements even in
different drawings. The matters defined in the description,
such as detailed construction and elements, are provided to
assist in a comprehensive understanding of exemplary
embodiments. Thus, it is apparent that exemplary embodi-
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ments may be carried out without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail.

[0040] Terms such as “part” and “portion” used herein
denote those that may be embodied by software or hardware.
According to exemplary embodiments, a plurality of parts or
portions may be embodied by a single unit or element, or a
single part or portion may include a plurality of elements.
[0041] In exemplary embodiments, an image may include
any medical image acquired by various medical imaging
apparatuses such as a magnetic resonance imaging (MRI)
apparatus, a computed tomography (CT) apparatus, an ultra-
sound imaging apparatus, or an X-ray apparatus.

[0042] Also, in the present specification, an “object”,
which is a thing to be imaged, may include a human, an
animal, or a part thereof. For example, an object may include
a part of a human, that is, an organ or a tissue, or a phantom.
[0043] Throughout the specification, an ultrasound image
refers to an image of an object processed based on ultra-
sound signals transmitted to the object and reflected there-
from.

[0044] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100, i.e., a diag-
nostic apparatus, according to an exemplary embodiment.
[0045] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
110, a controller 120, an image processor 130, one or more
displays 140, a storage 150, e.g., a memory, a communicator
160, i.e., a communication device or an interface, and an
input interface 170.

[0046] In the present embodiment, the probe 20 may
include a plurality of transducers. The transducers are
arranged in two dimensions (2D), forming a 2D transducer
array.

[0047] For example, the 2D transducer array may include
a plurality of sub-arrays arranged in a first direction, each of
the sub-arrays including a plurality of transducers arranged
in a second direction that is different from the first direction.
[0048] The ultrasound transceiver 110 may include an
analog beamformer 113 and a digital beamformer 115.
Although FIG. 1 illustrates that the ultrasound transceiver
110 and the probe 20 are provided as being separate from
each other, the probe 20 according to the present exemplary
embodiment may include the entire ultrasound transceiver
110 or a part of the ultrasound transceiver 110. For example,
the probe 20 may include one or both of the analog beam-
former 113 and the digital beamformer 115.

[0049] The controller 120 may calculate a time delay
value for digital beamforming with respect to the sub-arrays
included in the 2D transducer array. Also, the controller 120
may calculate a time delay value for analog beamforming
for each of the transducers included in any one sub-array of
the sub-arrays.

[0050] The controller 120 may control the analog beam-
former 113 and the digital beamformer 115 to form a
transmission signal to be applied to each of the transducers,
according to the time delay values for analog beamforming
and digital beamforming.

[0051] Also, the controller 120 may control the analog
beamformer 113 to add signals received from the transduc-
ers for each sub-array, according to the time delay value for
analog beamforming. Also, the controller 120 may control
the ultrasound transceiver 110 to perform analog to digital
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conversion of the signals added for each sub-array. Also, the
controller 120 may control the digital beamformer 115 to
generate ultrasound data by adding the digitized signals
according to the time delay value for digital beamforming.
[0052] The image processor 130 generates an ultrasound
image by using generated ultrasound data.

[0053] The display 140 may display a generated ultra-
sound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The ultrasound
diagnosis apparatus 100 may include two or more displays
140 according to the present exemplary embodiment. The
display 140 may include a touch screen in combination with
a touch panel.

[0054] The controller 120 may control the operations of
the ultrasound diagnosis apparatus 100 and flow of signals
between the internal elements of the ultrasound diagnosis
apparatus 100. The controller 120 may include a memory for
storing a program or data to perform functions of the
ultrasound diagnosis apparatus 100 and a processor and/or a
microprocessor (not shown) for processing the program or
data. For example, the controller 120 may control the
operation of the ultrasound diagnosis apparatus 100 by
receiving a control signal from the input interface 170 or an
external apparatus.

[0055] The ultrasound diagnosis apparatus 100 may
include the communicator 160 and may be connected to
external apparatuses, for example, servers, medical appara-
tuses, and portable devices such as smart phones, tablet
personal computers (PCs), wearable devices, etc., via the
communicator 160.

[0056] The communicator 160 may include at least one
element capable of communicating with the external appa-
ratuses. For example, the communicator 160 may include at
least one among a short-range communication module, a
wired communication module, and a wireless communica-
tion module.

[0057] The communicator 160 may transmit and receive a
control signal and data to and from the external apparatuses.
[0058] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound diagnosis
apparatus 100, input and/or output ultrasound data, ultra-
sound images, applications, etc.

[0059] The input interface 170 may receive a user’s input
to control the ultrasound diagnosis apparatus 100 and may
include a keyboard, button, keypad, mouse, trackball, jog
switch, knob, a touchpad, a touch screen, a microphone, a
motion input means, a biometrics input means, etc. For
example, the user’s input may include inputs for manipu-
lating buttons, keypads, mice, trackballs, jog switches, or
knobs, inputs for touching a touchpad or a touch screen, a
voice input, a motion input, and a bioinformation input, for
example, iris recognition or fingerprint recognition, but an
exemplary embodiment is not limited thereto.

[0060] An example of the ultrasound diagnosis apparatus
100 according to the present exemplary embodiment is
described below with reference to FIGS. 2A, 2B, and 2C.

[0061] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound diagnosis apparatus according to an exemplary
embodiment.

[0062] Referring to FIGS. 2A and 2B, the ultrasound
diagnosis apparatus 100 may include a main display 121 and
a sub-display 122. At least one among the main display 121
and the sub-display 122 may include a touch screen. The
main display 121 and the sub-display 122 may display
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ultrasound images and/or various information processed by
the ultrasound diagnosis apparatus 100. The main display
121 and the sub-display 122 may provide graphical user
interfaces (GUI), thereby receiving user’s inputs of data to
control the ultrasound diagnosis apparatus 100. For
example, the main display 121 may display an ultrasound
image and the sub-display 122 may display a control panel
to control display of the ultrasound image as a GUI. The
sub-display 122 may receive an input of data to control the
display of an image through the control panel displayed as
a GUI. The ultrasound diagnosis apparatus 100 may control
the display of the ultrasound image on the main display 121
by using the input control data.

[0063] Referring to FIG. 2B, the ultrasound diagnosis
apparatus 100 may include a control panel 165. The control
panel 165 may include buttons, trackballs, jog switches, or
knobs, and may receive data to control the ultrasound
diagnosis apparatus 100 from the user. For example, the
control panel 165 may include a time gain compensation
(TGC) button 171 and a freeze button 172. The TGC button
171 is to set a TGC value for each depth of an ultrasound
image. Also, when an input of the freeze button 172 is
detected during scanning an ultrasound image, the ultra-
sound diagnosis apparatus 100 may keep displaying a frame
image at that time point.

[0064] The buttons, trackballs, jog switches, and knobs
included in the control panel 165 may be provided as a GUI
to the main display 121 or the sub-display 122.

[0065] Referring to FIG. 2C, the ultrasound diagnosis
apparatus 100 may include a portable device. An example of
the portable ultrasound diagnosis apparatus 100 may
include, for example, smart phones including probes and
applications, laptop computers, personal digital assistants
(PDAS), or tablet PCs, but an exemplary embodiment is not
limited thereto.

[0066] The ultrasound diagnosis apparatus 100 may
include the probe 20 and a main body 40. The probe 20 may
be connected to one side of the main body 40 by wire or
wirelessly. The main body 40 may include a touch screen
145. The touch screen 145 may display an ultrasound image,
various pieces of information processed by the ultrasound
diagnosis apparatus 100, and a GUI.

[0067] FIG. 3 is a block diagram showing a configuration
of the ultrasound diagnosis apparatus 300 according to an
exemplary embodiment.

[0068] According to an exemplary embodiment, the ultra-
sound diagnosis apparatus 300 may include all image pro-
cessing apparatuses capable of acquiring ultrasound images
based on ultrasound image data acquired through ultrasound
imaging. Also, the ultrasound diagnosis apparatus 300 may
include a computing apparatus capable of controlling acqui-
sition of the ultrasound image data through ultrasound
imaging.

[0069] Also, the ultrasound diagnosis apparatus 300 may
be an apparatus having a function of receiving the ultra-
sound image data acquired through ultrasound imaging,
processing and displaying the ultrasound image data. For
example, the ultrasound diagnosis apparatus 300 may
include a medical server apparatus in a hospital where a
patient performs ultrasound imaging or other hospital. The
ultrasound diagnosis apparatus 300 is not limited thereto and
may include a smart phone, a tablet PC, a PC, a smart TV,
a mobile phone, a personal digital assistant (PDA), a laptop,
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amedia player, a digital camera, a home appliance, and other
mobile or non-mobile computing apparatuses.

[0070] Referring to FIG. 3, the ultrasound diagnosis appa-
ratus 300 may include a processor 320, a display 340, and a
memory 350.

[0071] The ultrasound diagnosis apparatus 300 may be
included in the ultrasound diagnosis apparatus 100 described
with reference to FIG. 1. In this case, the display 340 and the
memory 350 of the ultrasound diagnosis apparatus 300 may
correspond to the display 140 and the storage 150 shown in
FIG. 1, respectively. Also, the processor 320 may corre-
spond to one or a combination of the controller 120 and the
image processor 130 of FIG. 1.

[0072] Also, components of the ultrasound diagnosis
apparatus 300 are not limited to the components shown in
FIG. 3. According to an exemplary embodiment, the ultra-
sound diagnosis apparatus 300 may be implemented by
more components than the components shown in FIG. 3.
[0073] For example, the ultrasound diagnosis apparatus
300 may be implemented integrally with the ultrasound
diagnosis apparatus 300 or may further include a detachable
probe (not shown) connected to the ultrasound diagnosis
apparatus 300 by wired or wirelessly. The probe may acquire
ultrasound image data of an object based on a received
ultrasound echo signal.

[0074] The ultrasound diagnosis apparatus 300 may fur-
ther include a communicator (not shown) including one or
more components that enable communication with at least
one of a client apparatus, an external server, and an external
database.

[0075] The processor 320 according to an exemplary
embodiment may generally control the display 340 and the
memory 350. The processor 320 may generally control an
operation of the ultrasound diagnosis apparatus 300 by
executing a program stored in the memory 350. Also, the
processor 320 may include one or more processors.

[0076] The processor 320 according to an exemplary
embodiment may acquire an ultrasound image of the object
based on the ultrasound image data of the object. For
example, the processor 320 may process the acquired ultra-
sound image data in real time to acquire the ultrasound
image. The ultrasound image acquired in real time by the
processor 320 may be a still image or a moving image. The
processor 320 may acquire the ultrasound image based on
ultrasound image data received through an external appara-
tus or may acquire the ultrasound image by scanning the
object with the probe (not shown).

[0077] Also, the processor 320 may control the display
340 to display the ultrasound image generated in real time.
[0078] The processor 320 according to an exemplary
embodiment may acquire an ultrasound image of a two-
dimensional (2D) cross-section including a first point rep-
resenting a center of the spine of a fetus and a second point
representing the crux of the heart, based on ultrasound image
data of the fetus. The crux of the heart refers to a part where
the left ventricle, the right ventricle, the left atrium. and the
right atrium are all connected.

[0079] Also, the processor 320 may display a first body
axis including a line connecting the first point and the second
point on the ultrasound image.

[0080] Also, the processor 320 may control the display
340 to display a first heart axis corresponding to a heart wall
of the heart on the ultrasound image and display an angle
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indicator indicating angle information between the first body
axis and the first heart axis on the ultrasound image.
[0081] The angle indicator according to an exemplary
embodiment may include information indicating whether
the heart is in a normal state as well as the angle information
between the first body axis and the first heart axis. The angle
indicator may also include angle range information indicat-
ing that the heart is in the normal state.

[0082] For example, the angle range information dis-
played through the angle indicator may indicate that the
angle between the first body axis and the first heart axis is
within a range from 25° to 65°. In a case where the angle
between the first body axis and the first heart axis is within
the range from 25° to 65°, the heart of the fetus may be
determined to be normal.

[0083] Also, the processor 320 may recognize a body of
the fetus and acquire an ultrasound image corresponding to
a cross-section including the body of the fetus and a four
chamber view of the heart. The four chamber view of the
heart represents an image acquired to show the left ventricle,
the right ventricle, the left atrium, and the right atrium.
[0084] Also, the processor 320 may display a second body
axis perpendicular to the first body axis on the ultrasound
image.

[0085] The processor 320 may detect a ventricular septum,
which is a boundary between the left ventricle and the right
ventricle, and may determine the first heart axis based on a
location of the ventricular septum.

[0086] Also, the processor 320 may display the angle
range information in a different color according to a prob-
ability that the heart is in the normal state. Also, the
processor 320 may display a color representing the angle
between the first body axis and the first heart axis and a color
bar representing an angle value corresponding to the color.
[0087] Also, the processor 320 may acquire the ultrasound
image of the 2D cross-section based on three-dimensional
(3D) vultrasound image data of the fetus.

[0088] Also, the processor 320 may display a schematic
view of the heart of the fetus including position information
of the first body axis, position information of the first heart
axis, and the angle information and the angle indicator
together.

[0089] The display 340 according to an exemplary
embodiment may display the ultrasound image generated
based on the acquired ultrasound image data and informa-
tion related to the ultrasound image.

[0090] FIG. 4 is a flowchart of a method of controlling an
ultrasound diagnosis apparatus according to an exemplary
embodiment.

[0091] The method of controlling the ultrasound diagnosis
apparatus according to an exemplary embodiment may be
performed. for example, in the ultrasound diagnosis appa-
ratus 300 described above.

[0092] In operation S410, the ultrasound diagnosis appa-
ratus 300 may acquire an ultrasound image of a 2D cross-
section including a first point representing a center of the
spine of a fetus and a second point representing the crux of
the heart. The ultrasound image may include at least one of
amoving image and a still image. Also, the ultrasound image
may include a brightness (B) mode image.

[0093] In operation S420, the ultrasound diagnosis appa-
ratus 300 may display a first body axis including a line
connecting the first point and the second point on the
ultrasound image.
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[0094] 1In operation S430, the ultrasound diagnosis appa-
ratus 300 may display the first heart axis and a first heart axis
corresponding to a heart wall of the fetus on the ultrasound
image.

[0095] In operation S440, the ultrasound diagnosis appa-
ratus 300 may display an angle indicator indicating an angle
between the first body axis and the first heart axis on the
ultrasound image. For example, In a case where the angle
between the first body axis and the first heart axis is within
a range from 25° to 65°, the heart of the fetus may be
determined to have a high probability of being normal.
[0096] FIG. 5 shows a schematic diagram of a body 511
and a heart 513 of a fetus included in an ultrasound image
acquired by the ultrasound diagnosis apparatus 300.
[0097] The ultrasound diagnosis apparatus 300 may
acquire a first body axis 531 by connecting a first point 521
indicating a center of the spine of the fetus and a second
point 523 indicating the crux that is a part where a left
ventricle 501, a right ventricle 503, a left ventricle 505 and
a right ventricle 507 of the heart 513 of the fetus are all
connected.

[0098] Also, the ultrasound diagnosis apparatus 300 may
acquire a first heart axis 541 based on a position of a
ventricular septum, which is a boundary between the left
ventricle 501 and the right ventricle 503.

[0099] The ultrasound diagnosis apparatus 300 may diag-
nose whether the heart 513 of the fetus is normal through an
angle 551 formed by the first body axis 531 and the first
heart axis 541.

[0100] Hereinafter, it will be described in detail that the
ultrasound diagnosis apparatus 300 acquires and displays the
angle 551 between the first body axis 531 and the first heart
axis 541 from the ultrasound image.

[0101] FIG. 6A illustrates an ultrasound image 610 dis-
played by the ultrasound diagnosis apparatus 300 according
to an exemplary embodiment.

[0102] The ultrasound diagnosis apparatus 300 may
acquire an ultrasound image 610 including a four-chamber
view of the heart of a fetus. The four-chamber view of the
heart refers to an image acquired to show all a left ventricle
601, a right ventricle 603, a left atrium 605, and a right
atrium 607.

[0103] The ultrasound image 610 may be, for example, a
B mode image. When the ultrasound image 610 is the B
mode image, layouts of cross-sections of the left ventricle
601, the right ventricle 603, the left atrium 605, and the right
atrium 607 may be well represented in the ultrasound image
610.

[0104] FIG. 6B is a diagram for explaining the ultrasound
diagnosis apparatus 300 recognizing a body and the heart in
an ultrasound image 620, according to an exemplary
embodiment.

[0105] The ultrasound diagnosis apparatus 300 may rec-
ognize a part 611 including the body of a fetus in the
ultrasound image 620. Thereafter, the ultrasound diagnosis
apparatus 300 may recognize a heart part 613 including a left
ventricle, a right ventricle, a left atrium, and a right atrium
within the portion 611 in the part 611 of the body of the
fetus.

[0106] FIG. 6C is a diagram for explaining the ultrasound
diagnosis apparatus 300 acquiring a first point 621 and a
second point 623 in an ultrasound image 630, according to
an exemplary embodiment.
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[0107] The ultrasound diagnosis apparatus 300 according
to an exemplary embodiment may acquire the first point 621
representing a center of the spine of a fetus and the second
point 623 representing a crux of the heart in the ultrasound
image 630.

[0108] FIG. 6D is a diagram for explaining the ultrasound
diagnosis apparatus 300 acquiring a first body axis 631 and
a second body axis 633 in an ultrasound image 640, accord-
ing to an exemplary embodiment.

[0109] The ultrasound diagnosis apparatus 300 may
acquire the first body axis 631 including a line connecting
the first point 621 and the second point 623 representing a
crux of the heart in the ultrasound image 640 representing a
center of the spine of a fetus. The ultrasound diagnosis
apparatus 300 may display the first body axis 631 on the
ultrasound image 640.

[0110] The ultrasound diagnosis apparatus 300 may also
acquire the first body axis 631 and the second body axis 633
perpendicular to the first body axis 631. The ultrasound
diagnosis apparatus 300 may display the first body axis 631
and the second body axis 633 perpendicular to the first body
axis 631 on the ultrasound image 650.

[0111] Meanwhile, the ultrasound diagnosis apparatus 300
may acquire the first body axis 631 and the second body axis
631 perpendicular to the first body axis 631 in the ultrasound
images 640 and 650 using an existing ultrasound image
processing technique.

[0112] FIG. 6E is a diagram for explaining the ultrasound
diagnosis apparatus 300 acquiring a heart axis of a fetus in
an ultrasound image 660, according to an exemplary
embodiment.

[0113] The ultrasound diagnosis apparatus 300 may
acquire a first heart axis 641 corresponding to a heart wall
of the fetus. For example, the ultrasound diagnosis apparatus
300 may acquire the first heart axis 641 based on a location
of a ventricular septum, which is a boundary between a left
ventricle and a right ventricle at the heart of the fetus. The
ultrasound diagnosis apparatus 300 may display the first
heart axis 641 on the ultrasound image 660.

[0114] The ultrasound diagnosis apparatus 300 may detect
the position of the ventricular septum in the ultrasound
image 660 using an existing ultrasound image processing
technique and acquire the first heart axis 641 corresponding
to the ventricular septum.

[0115] FIG. 7 illustrates an ultrasound image 710 dis-
played by the ultrasound diagnosis apparatus 300 together
with an angle indicator, according to an exemplary embodi-
ment.

[0116] The ultrasound diagnosis apparatus 300 may dis-
play the angle indicator indicating an angle 751 between the
first body axis 731 and the first heart axis 741 on the
ultrasound image 710.

[0117] The angle indicator may be a user interface dis-
played on the ultrasound image 710 to indicate the angle 751
formed by the first body axis 731 and the first heart axis 741
[0118] The angle indicator may include various user inter-
faces for indicating the angle 751 formed by the first body
axis 731 and the first heart axis 741. Also, the angle indicator
may further include a user interface indicating positions of
the first body axis 731 and the first heart axis 741. The angle
indicator may further include a user interface indicating a
second body axis 733 perpendicular to the first body axis
731.
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[0119] The angle indicator may further include a value of
the angle 751 formed by the first body axis 731 and the first
heart axis 741 and may further include a user interface
indicating whether the heart of a fetus is normal.

[0120] FIG. 8 illustrates an ultrasound image 810 dis-
played by an ultrasound diagnosis apparatus 300 together
with an angle indicator, according to an exemplary embodi-
ment.

[0121] The ultrasound diagnosis apparatus 300 may dis-
play the angle indicator including a user interface for
indicating an angle 851 formed by a first body axis and a first
heart axis on the ultrasound image 810.

[0122] The angle indicator according to an exemplary
embodiment may include not only angle information
between the first body axis and the first heart axis but also
information indicating whether the heart is in a normal state.
For example, the angle indicator may indicate the angle
information between the first body axis and the first heart
axis and may indicate whether the heart is normal based on
the angle information.

[0123] The angle indicator may also include angle range
information 801, 803, and 805 indicating that the heart is in
a normal state.

[0124] The angle range information 801, 803, and 805
displayed by the ultrasound diagnosis apparatus 300 through
the angle indicator may indicate a range of the angle 851
between the first body axis and the first heart axis from 25°
to 65°. For example, in a case where the angle 851 between
the first body axis and the first heart axis is in the range from
25° to 65°, the heart of a fetus may be determined to be
normal.

[0125] The ultrasound diagnosis apparatus 300 may dis-
play the angle range information 801, 803, and 805 in
different colors according to a probability range in which the
heart is in the normal state. For example, the ultrasound
diagnosis apparatus 300 may display the angle range infor-
mation 801, 803, and 805 on parts corresponding to between
the first body axis and the first heart axis in the ultrasound
image 810 in different colors according to the probability
range in which the heart is in the normal state.

[0126] In FIG. 8, the ultrasound diagnosis apparatus 300
displays the angle range information 801, 803, and 805 on
positions corresponding to an angle range in which the heart
is in the normal state. However, the ultrasound diagnosis
apparatus 300 displays the angle range information 801,
803, and 805 on parts corresponding to an angle range (less
than 25° or greater than 65°) in which the heart is abnormal.

[0127] The angle range information 801, 803, and 805
may include a user interface for indicating which one of a
first range, a second range, and a third range relates to the
angle 851 formed by the first body axis and the first heart
axis. More specifically, the angle range information 8§01,
803, and 805 may include first range information 8§01,
second range information 803, and third range information
805. The first range information 801, the second range
information 803, and the third range information §05 may be
user interfaces corresponding to a probability that the heart
is in the normal state.

[0128] The first range information 801 may correspond to
an angle range having the highest probability that the heart
is normal. The second range information 803 may corre-
spond to an angle range having a relatively high probability
that the heart is normal. The third range information 805
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may correspond to an angle range having a lower probability
that the heart is normal than the second range information
803.

[0129] For example, the first range information 801 may
be a user interface displayed at a part corresponding to the
angle the angle 851 between the first body axis and the first
heart axis that is the first range from 40° and 50°. The second
range information 803 may be a user interface displayed at
a part corresponding to the angle the angle 851 between the
first body axis and the first heart axis that is the second range
from 35° and 55°. The third range information 805 may be
a user interface displayed at a part corresponding to the
angle the angle 851 between the first body axis and the first
heart axis that is the third range from 25° and 65°.

[0130] The first range information 801, the second range
information 803, and the third range information 805 may be
user interfaces displayed in different colors. Also, the first
range information 801, the second range information 803,
and the third range information 805 may be user interfaces
displayed in colors gradually changing according to a
change in the corresponding angle.

[0131] Also, the ultrasound diagnosis apparatus 300 may
display a color bar 820 for displaying an angle correspond-
ing to color values displayed through the angle range
information 801, 803, and 805.

[0132] The ultrasound diagnosis apparatus 300 may dis-
play to a user through the color bar 820 an angle value
represented by a color value corresponding to the angle 851
between the first body axis and the first heart axis. For
example, the ultrasound diagnosis apparatus 300 may dis-
play a point 821 corresponding to the angle 851 between the
first body axis and the first heart axis on the color bar §20.

[0133] Referring to FIG. 8, the ultrasound diagnosis appa-
ratus 300 may indicate through the first range information
801 that the angle 851 formed by the first body axis and the
first heart axis is included in the first range. The ultrasound
diagnosis apparatus 300 may display the angle 851 corre-
sponding to a color value displayed through the first range
information 801 and the point 821 corresponding to the
angle 851.

[0134] FIG. 9 illustrates an ultrasound image 910 dis-
played by the ultrasound diagnosis apparatus 300, according
to an exemplary embodiment.

[0135] The ultrasound diagnosis apparatus 300 according
to an exemplary embodiment may display the ultrasound
image 910 displaying an angle indicator and a schematic
view of a fetal heart 920 including position information of
a first body axis, position information of a first heart axis,
and angle information simultaneously.

[0136] The schematic view 920 of the fetal heart sche-
matically may display a position of the first body axis and a
position of the first heart axis of the fetal heart and an angle
formed by the first body axis and the first heart axis of the
fetal heart.

[0137] The ultrasound diagnosis apparatus 300 may over-
lap and display the schematic view 920 of the fetal heart on
a part of the ultrasound image 910 or may not overlap but
simultaneously display the ultrasound image 910 and the
schematic view 920 of the fetal heart.

[0138] FIG. 10 is a flowchart of a method of controlling an
ultrasound diagnosis apparatus, according to an exemplary
embodiment.
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[0139] The method of controlling the ultrasound diagnosis
apparatus according to an exemplary embodiment may be
performed, for example, in the ultrasound diagnosis appa-
ratus 300 described above.
[0140] In operation S1010, the ultrasound diagnosis appa-
ratus 300 may acquire ultrasound image data. The ultra-
sound image data may be, for example, 3D ultrasound image
data.
[0141] In operation S1020, the ultrasound diagnosis appa-
ratus 300 may acquire a 2D ultrasound image including a
body and the heart of a fetus. Specifically, the ultrasound
diagnosis apparatus 300 may acquire the 2D ultrasound
image corresponding to a cross-section including the body
and the heart of the fetus based on 3D volume data.
[0142] In operation S1030, the ultrasound diagnosis appa-
ratus 300 may acquire a first point indicating a center of the
spine of the fetus and a second point indicating a crux of the
heart in the 2D ultrasound image.
[0143] In operation S1040, the ultrasound diagnosis appa-
ratus 300 may display a first body axis including a line
connecting the first point and the second point and a second
body axis perpendicular to the first body axis on the ultra-
sound image.
[0144] In operation S1050, the ultrasound diagnosis appa-
ratus 300 may display a first heart axis corresponding to a
heart wall of the heart on the ultrasound image.
[0145] In operation S1060, the ultrasound diagnosis appa-
ratus 300 may display an angle indicator indicating an angle
between the first body axis and the first heart axis on the
ultrasound image.
[0146] Meanwhile, the embodiments may be embodied in
the form of a computer-readable recording medium storing
instructions executable by a computer and data. The instruc-
tions may be stored in the form of program codes, and when
executed by a processor, may generate a predetermined
program module to perform a predetermined operation.
Also, the instructions, when executed by the processor, may
perform predetermined operations of the embodiments.
[0147] According to the embodiments above, information
about an axis of a heart is automatically detected and thus a
user may efficiently diagnose a heart abnormality through an
angle indicator.
[0148] According to the embodiments above, the user may
intuitively determine whether a heart axis is abnormal based
on information about the heart axis automatically detected
and analyzed.
[0149] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.
[0150] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.
What is claimed is:
1. An ultrasound diagnosis apparatus comprising:
a display; and
a processor configured to acquire an ultrasound image of
atwo-dimensional (2D) cross-section comprising a first
point representing a crux of a heart of a fetus and a
second point representing a center of a spine, based on
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ultrasound image data of the fetus, display a first body
axis comprising a line connecting the first point and the
second point on the ultrasound image, display a first
heart axis corresponding to a heart wall of the heart on
the ultrasound image, and display an angle indicator
indicating angle information about an angle between
the first body axis and the first heart axis on the
ultrasound image.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the processor is further configured to recognize a body of the
fetus and acquire the ultrasound image of the cross-section
comprising the body of the fetus and a four-chamber view of
the heart.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the processor is further configured to display a second body
axis perpendicular to the first body axis on the ultrasound
image.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the processor is further configured to detect a ventricular
septum of the heart and determine the first heart axis based
on a position of the ventricular septum.

5. The ultrasound diagnosis apparatus of claim 1, wherein
the angle indicator comprises information indicating
whether the heart is in a normal state.

6. The ultrasound diagnosis apparatus of claim 5, wherein
the angle indicator comprises angle range information indi-
cating that the heart is in the normal state.

7. The ultrasound diagnosis apparatus of claim 6, wherein
the processor is further configured to display the angle range
information in a different color according to a probability
that the heart is in the normal state.

8. The ultrasound diagnosis apparatus of claim 1, wherein
the processor is further configured to display a color indi-
cating an angle between the first body axis and the first heart
axis and a color bar indicating an angle value corresponding
to the color.

9. The ultrasound diagnosis apparatus of claim 1, wherein
the processor is further configured to acquire the ultrasonic
image of the 2D cross-section, based on three-dimensional
(3D) ultrasonic image data of the fetus.

10. The ultrasound diagnosis apparatus of claim 1,
wherein the processor is further configured to display a
schematic view of the heart of the fetus comprising position
information of the first body axis, a position of the first heart
axis, the angle information, and the angle indicator.

11. A method of controlling an ultrasound diagnosis
apparatus, the method comprising:

acquiring an ultrasound image of a two-dimensional (2D)
cross-section comprising a first point representing a
crux of a heart of a fetus and a second point represent-
ing a center of a spine, based on ultrasound image data
of the fetus;

displaying a first body axis comprising a line connecting
the first point and the second point on the ultrasound
image;

displaying a first heart axis corresponding to a heart wall
of the heart on the ultrasound image; and

displaying an angle indicator indicating angle information
about an angle between the first body axis and the first
heart axis on the ultrasound image.
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12. The method of claim 11, wherein the acquiring of the
ultrasound image comprises:

recognizing a body of the fetus; and

acquiring the ultrasound image of the cross-section com-

prising the body of the fetus and a four-chamber view
of the heart.

13. The method of claim 11, further comprising: display-
ing a second body axis perpendicular to the first body axis
on the ultrasound image.

14. The method of claim 11, wherein the displaying of the
first heart axis corresponding to the heart wall of the heart on
the ultrasound image comprises:

detecting a ventricular septum of the heart; and

determining the first heart axis based on a position of the

ventricular septum.

15. The method of claim 11, wherein the angle indicator
comprises information indicating whether the heart is in a
normal state.
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16. The method of claim 15, wherein the angle indicator
comprises angle range information indicating that the heart
is in the normal state.

17. The method of claim 16, further comprising: display-
ing the angle range information in a different color according
to a probability that the heart is in the normal state.

18. The method of claim 11, further comprising: display-
ing a color indicating an angle between the first body axis
and the first heart axis and a color bar indicating an angle
value corresponding to the color.

19. The method of claim 11, wherein the displaying of the
angle indicator comprises: displaying a schematic view of
the heart of the fetus comprising position information of the
first body axis, a position of the first heart axis, the angle
information, and the angle indicator.

20. A computer-readable recording medium having
embodied thereon a program for executing the method of
claim 11 in a computer.
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