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(57) ABSTRACT

Provided are an ultrasound diagnosis apparatus and a
method of operating the same. The method includes: trans-
mitting an ultrasound signal to the heart of the fetus and
receiving an echo signal reflected from the heart; acquiring
first Doppler data and second Doppler data respectively with
respect to first and second setting ranges by using the echo
signal; and displaying a first resulting image obtained based
on the first Doppler data and the second Doppler data.
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ULTRASOUND DIAGNOSIS APPARATUS
AND METHOD OF OPERATING SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2018-0013432, filed on Feb. 2, 2018, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to ultrasound diagnosis
apparatuses and methods of operating the same.

2. Description of Related Art

[0003] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and receive information about echo signals reflected
from the object, thereby obtaining an image of an internal
part of the object. In particular, ultrasound diagnosis appa-
ratuses are used for medical purposes including observing an
internal area of an object, detecting foreign substances, and
assessing injuries. Such ultrasound diagnosis apparatuses
exhibit high stability, display images in real time, and are
safe due to lack of radiation exposure, compared to diag-
nostic X-ray apparatuses. Therefore, ultrasound diagnosis
apparatuses have been widely used together with other types
of imaging diagnosis apparatuses.

SUMMARY

[0004] Provided are methods and apparatuses for ultra-
sound diagnosis apparatuses and methods that are used to
further facilitate ultrasound diagnosis.

[0005] 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.

[0006] In accordance with an aspect of the disclosure, a
method of operating an ultrasound diagnosis apparatus
includes: transmitting an ultrasound signal to the heart of the
fetus and receiving an echo signal reflected from the heart;
acquiring first Doppler data and second Doppler data respec-
tively with respect to first and second setting ranges by using
the echo signal; and displaying a first resulting image
obtained based on the first Doppler data and the second
Doppler data.

[0007] The first Doppler data may be data regarding blood
flow of the heart, and the second Doppler data is data
regarding valves of the heart.

[0008] The displaying of the first resulting image may
include: determining presence of an abnormality in the heart
based on the first Doppler data and the second Doppler data;
and displaying the first resulting image, based on a result of
the determining.

[0009] The determining of the presence of the abnormality
in the heart may include determining the presence of the
abnormality in the heart by calculating an isovolumic inter-
val in a cardiac cycle of the heart.

[0010] The determining of the presence of the abnormality
in the heart may include determining the presence of the

Aug. 8,2019

abnormality in the heart by determining whether the iso-
volumic interval is less than or equal to a predetermined
time.

[0011] The displaying of the first resulting image may
include: transmitting a difference between the first Doppler
data and the second Doppler data to a display; and display-
ing the first resulting image based on the difference between
the first Doppler data and the second Doppler data.

[0012] The displaying of the first resulting image may
include: generating first image data and second image data
respectively based on the first Doppler data and the second
Doppler data; and generating feature extraction data repre-
senting properties of the heart, based on the first image data
and the second image data.

[0013] The first resulting image may be represented such
that a user recognizes the properties of the heart from the
feature extraction data.

[0014] The first and second setting ranges may each
include a range of a magnitude of a signal and a range of a
velocity of blood flow, and the first and second Doppler data
may each be data in which the magnitude of the signal is
within a predetermined range, and the velocity of the blood
flow is within a predetermined range.

[0015] The method may further include mixing the first
Doppler data with the second Doppler data according to a
predetermined method to obtain the first resulting image.
[0016] In accordance with another aspect of the disclo-
sure, an ultrasound diagnosis apparatus for performing diag-
nosis with respect to a heart of a fetus includes: a probe
configured to transmit an ultrasound signal to the heart of the
fetus and receive an echo signal reflected from the heart; a
processor configured to respectively acquire first Doppler
data and second Doppler data with respect to first and second
setting ranges by using the echo signal; and a display
configured to display a first resulting image obtained based
on the first Doppler data and the second Doppler data.
[0017] In accordance with another aspect of the disclo-
sure, a non-transitory computer-readable recording medium
has recorded thereon a program for performing a method of
operating an ultrasound diagnosis apparatus, the method
including: transmitting an ultrasound signal to a heart of a
fetus and receiving an echo signal reflected from the heart;
acquiring first Doppler data and second Doppler data respec-
tively with respect to first and second setting ranges by using
the echo signal; and displaying a first resulting image
obtained based on the first Doppler data and the second
Doppler data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
[0019] FIG. 11is a block diagram illustrating an ultrasound
diagnosis apparatus according to an embodiment;

[0020] FIGS. 2A, 2B, and 2C are diagrams respectively
illustrating ultrasound diagnosis apparatuses according to an
embodiment;

[0021] FIG. 3 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to an embodiment;
[0022] FIG. 4 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to another
embodiment;
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[0023] FIG. 5 is a flowchart of a method of operating an
ultrasound diagnosis apparatus, according to an embodi-
ment;

[0024] FIGS. 6A and 6B show images obtained by chang-
ing a setting range according to a target area being exam-
ined;

[0025] FIGS. 7A and 7B show images obtained by an
ultrasound diagnosis apparatus by adjusting a setting range;
[0026] FIG. 8 shows an image for explaining a method,
performed by an ultrasound diagnosis apparatus, of acquir-
ing Doppler data with respect to a heart of an object;
[0027] FIGS. 9A through 9D are images for explaining a
first resulting image provided by an ultrasound diagnosis
apparatus, according to an embodiment;

[0028] FIG. 10 is a detailed flowchart of a method of
operating an ultrasound diagnosis apparatus, according to an
embodiment;

[0029] FIG. 11 is a detailed flowchart of a method of
operating an ultrasound diagnosis apparatus, according to an
embodiment;

[0030] FIG. 12 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to another
embodiment; and

[0031] FIG. 13 is a detailed flowchart of a method of
operating an ultrasound diagnosis apparatus, according to an
embodiment.

DETAILED DESCRIPTION

[0032] Hereinafter, the terms used in the specification will
be briefly described, and then the present invention will be
described in detail. The terms used in this specification are
those general terms currently widely used in the art in
consideration of functions regarding the present invention,
but the terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in the
art. Also, specified terms may be selected by the applicant,
and in this case, the detailed meaning thereof will be
described in the detailed description of the invention. Thus,
the terms used in the specification should be understood not
as simple names but based on the meaning of the terms and
the overall description of the invention.

[0033] Throughout the specification, it will also be under-
stood that when a component “includes” an element, unless
there is another opposite description thereto, it should be
understood that the component does not exclude another
element and may further include another element. In addi-
tion, terms such as . . . unit”, “. . . module”, or the like refer
to units that perform at least one function or operation, and
the units may be implemented as hardware or software or as
a combination of hardware and software.

[0034] Also, the term “unit” in the specification means a
software component or hardware component such as a
field-programmable gate array (FPGA) or an application-
specific integrated circuit (ASIC), and performs a specific
function. However, the term “unit” is not limited to software
or hardware. The “unit” may be formed so as to be in an
addressable storage medium, or may be formed so as to
operate one or more processors. Thus, for example, the term
“unit” may refer to components such as software compo-
nents, object-oriented software components, class compo-
nents, and task components, and may include processes,
functions, attributes, procedures, subroutines, segments of
program code, drivers, firmware, micro codes, circuits, data,
a database, data structures, tables, arrays, or variables. A
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function provided by the components and “units” may be
associated with a smaller number of components and
“units”, or may be divided into additional components and
“Units”.

[0035] It will be understood that, although the terms
“first”, “second”, etc. may be used herein to describe various
elements and/or components, these elements and/or compo-
nents should not be limited by these terms. These terms are
only used to distinguish one element or component from
another element or component. For example, a first element
or component may be termed a second element or compo-
nent or vice versa without departing from the teachings of
embodiments. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items. Expressions such as “at least one of,” when
preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the
list.

[0036] Throughout the specification, an “image” may
mean multi-dimensional data formed of discrete image
elements (e.g., pixels in a two-dimensional (2D) image and
voxels in a three-dimensional (3D) image).

[0037] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is obtained
using ultrasound waves. An ultrasound image may be an
image obtained by transmitting ultrasound signals generated
by transducers of a probe to an object and receiving infor-
mation about echo signals reflected from the object. Fur-
thermore, an ultrasound image may take different forms. For
example, the ultrasound image may be at least one of an
amplitude (A) mode image, a brightness (B) mode image, a
color (C) mode image, and a Doppler (D) mode image. In
addition, an ultrasound image may be a 2D or 3D image.
[0038] Furthermore, an “object” may be a human, an
animal, or a part of a human or animal. For example, the
object may be an organ (e.g., the liver, the heart, the womb,
the brain, a breast, or the abdomen), a blood vessel, or a
combination thereof. Furthermore, the object may be a
phantom. The phantom means a material having a density,
an effective atomic number, and a volume that are approxi-
mately the same as those of an organism. For example, the
phantom may be a spherical phantom having properties
similar to a human body.

[0039] Furthermore, throughout the specification, a “user”
may be, but is not limited to, a medical expert, such as a
medical doctor, a nurse, a medical laboratory technologist, a
medical image expert, or a technician who repairs a medical
apparatus

[0040] Embodiments will be described more fully herein-
after with reference to the accompanying drawings so that
they may be easily implemented by one of ordinary skill in
the art. However, the embodiments may have different forms
and should not be construed as being limited to the descrip-
tions set forth herein.

[0041] Embodiments of the invention now will be
described more fully hereinafter with reference to the
accompanying drawings, in which illustrative embodiments
of the invention are shown.

[0042] 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 embodiment.

[0043] 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
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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.

[0044] The ultrasound diagnosis apparatus 100 may be of
a cart-type or a portable-type ultrasound diagnosis apparatus
which is portable, moveable, mobile, or hand-held.
Examples of a portable-type ultrasound diagnosis apparatus
may include a smart phone, a laptop computer, a personal
digital assistant (PDA), and a tablet personal computer (PC),
each of which may include a probe and a software applica-
tion, but embodiments are not limited thereto.

[0045] The probe 20 may include a plurality of transduc-
ers. The plurality of transducers may transmit ultrasound
signals to an object 10 in response to transmitting signals
received by the probe 20, from a transmitter 113. The
plurality of transducers may receive ultrasound signals
reflected from the object 10 to generate reception signals. In
addition, the probe 20 and the ultrasound diagnosis appara-
tus 100 may be formed in one body (e.g., disposed in a single
housing), or the probe 20 and the ultrasound diagnosis
apparatus 100 may be formed separately (e.g., disposed
separately in separate housings) but linked wirelessly or via
wires. In addition, the ultrasound diagnosis apparatus 100
may include one or more probes 20 according to embodi-
ments.

[0046] The controller 120 may control the transmitter 113
for the transmitter 113 to generate transmitting signals to be
applied to each of the plurality of transducers based on a
position and a focal point of the plurality of transducers
included in the probe 20.

[0047] The controller 120 may control the ultrasound
receiver 115 to generate ultrasound data by converting
reception signals received from the probe 20 from analogue
to digital signals and summing the reception signals con-
verted into digital form, based on a position and a focal point
of the plurality of transducers.

[0048] The image processor 130 may generate an ultra-
sound image by using ultrasound data generated from the
ultrasound receiver 115.

[0049] 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 embodiment. The display 140
may include a touch screen in combination with a touch
panel.

[0050] 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.

[0051] 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.
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[0052] 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.

[0053] The communicator 160 may receive a control sig-
nal and data from an external apparatus and transmit the
received control signal to the controller 120 so that the
controller 120 may control the ultrasound diagnosis appa-
ratus 100 in response to the received control signal.
[0054] The controller 120 may transmit a control signal to
the external apparatus via the communicator 160 so that the
external apparatus may be controlled in response to the
control signal of the controller 120.

[0055] For example, the external apparatus connected to
the ultrasound diagnosis apparatus 100 may process the data
of the external apparatus in response to the control signal of
the controller 120 received via the communicator 160.
[0056] A program for controlling the ultrasound diagnosis
apparatus 100 may be installed in the external apparatus.
The program may include command languages to perform
part of operation of the controller 120 or the entire operation
of the controller 120.

[0057] The program may be pre-installed in the external
apparatus or may be installed by a user of the external
apparatus by downloading the program from a server that
provides applications. The server that provides applications
may include a recording medium where the program is
stored.

[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
embodiment is not limited thereto.

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

[0061] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound diagnosis apparatuses 100a, 1005, and 100c
according to an embodiment.

[0062] Referring to FIGS. 2A and 2B, the ultrasound
diagnosis apparatus 100a and the ultrasound diagnosis appa-
ratus 1005 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 ultrasound
images and/or various information processed by the ultra-
sound diagnosis apparatus (100a, 1005). 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 (100a, 1005). For
example, the main display 121 may display an ultrasound
image and the sub-display 122 may display a control panel
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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 GUIL. 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 1005 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 1s 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 100c may be implemented as a portable ultra-
sound diagnosis apparatus. An example of the portable
ultrasound diagnosis apparatus may include, for example,
smart phones including probes and applications, laptop
computers, personal digital assistants (PDAs), or tablet PCs,
but an 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 of a configuration of an
ultrasound diagnosis apparatus 300 according to an embodi-
ment.

[0068] Referring to FIG. 3, the ultrasound diagnosis appa-
ratus 300 according to the present embodiment may include
a probe 310, a processor 320, and a display 330. However,
all of the components shown in FIG. 3 are not essential
components. The ultrasound diagnosis apparatus 300 may
include more or fewer components than those shown in FIG.
3. Configurations and operations of the probe 310, the
processor 320, and the display 330 will now be described in
detail.

[0069] The probe 310 may include a plurality of transduc-
ers that convert ultrasound signals into electrical signals or
vice versa. In other words, the probe 310 may include a
transducer array consisting of a plurality of transducers. The
plurality of transducers may be arranged in a one-dimen-
sional (1D) or 2D array, and each of the plurality of
transducers generates ultrasound signals separately or simul-
taneously. An ultrasound signal transmitted by each trans-
ducer is reflected off a discontinuous impedance surface
within an object. Each transducer may convert a received
reflected echo signal into an electrical reception signal. The
probe 310 may transmit ultrasound signals to the heart of an
object and receive echo signals reflected therefrom. In this
case, the object may be a human. In detail, the object may
include an adult, a child, a fetus, etc.

[0070] The processor 320 may receive an echo signal from
the probe 310. The processor 320 may then acquire first
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Doppler data with respect to a first setting range based on the
received echo signal. Furthermore, the processor 320 may
acquire second Doppler data with respect to a second setting
range based on the echo signal. In this case, the first Doppler
data may refer to data regarding blood flow of the heart, and
the second Doppler data may refer to data regarding valves
of the heart.

[0071] The processor 320 may acquire data regarding a
first resulting image to be displayed on the display 330. The
processor 320 may acquire the data regarding the first
resulting image based on the first Doppler data and the
second Doppler data. For example, the processor 320 may
acquire data regarding the first resulting image by using a
difference between the first Doppler data and the second
Doppler data. The processor 320 may then transmit the data
regarding the first resulting image to the display 330.
[0072] The display 330 displays a predetermined screen.
In detail, the display 330 may display a predetermined
screen according to control by the processor 320. The
display 330 includes a display panel (not shown) on which
a resulting image (e.g., an ultrasound image or diagnostic
image), etc. may be displayed.

[0073] The ultrasound diagnosis apparatus 300 may
include a central arithmetic processor that controls all opera-
tions of the probe 310, the processor 320, and the display
330. The central arithmetic processor may be implemented
as an array of a plurality of logic gates or a combination of
a general purpose microprocessor and a memory for storing
a program that can be run on the general purpose micro-
processor. Furthermore, it will be appreciated by those of
ordinary skill in the art that the central arithmetic processor
may be formed by different types of hardware.

[0074] FIG. 4 is a block diagram of a configuration of an
ultrasound diagnosis apparatus 400 according to another
embodiment.

[0075] Referring to FIG. 4, the ultrasound diagnosis appa-
ratus 400 according to the present embodiment may include
a probe 410, a processor 420, a display 430, a first image
processor 450, and a second image processor 440.

[0076] Since the probe 410, the processor 420, and the
display 430 included in the ultrasound diagnosis apparatus
400 of FIG. 1 respectively correspond to the probe 310, the
processor 320, and the display 330 in the ultrasound diag-
nosis apparatus 300 described with reference to FIG. 3,
descriptions that are provided above with respect to FIG. 3
will be omitted below. The ultrasound diagnosis apparatus
400 may include more or fewer components than those
shown in FIG. 4.

[0077] The ultrasound diagnosis apparatus 400 may
include the first and second image processors 450 and 440.
The first image processor 450 may acquire first Doppler data
with respect to a first setting range based on an echo signal.
The second image processor 440 may acquire second Dop-
pler data with respect to a second setting range based on the
same echo signal that is used by the first image processor
450. The first and second image processors 450 and 440 may
respectively process and transform the first Doppler data and
the second Doppler data and transmit the results to the
processor 420. Unlike in FIG. 4, the first and second image
processors 450 and 440 may be included in the processor
420.

[0078] For example, the first image processor 450 may
generate data regarding a first image based on the first
Doppler data. For example, the first image processor 450
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may generate data regarding the first image by extracting
data that satisfies the first setting range among the first
Doppler data.

[0079] For example, the second image processor 440 may
generate data regarding a second image based on the second
Doppler data. For example, the second image processor 440
may generate data regarding the second image by extracting
data that satisfies the second setting range among the second
Doppler data.

[0080] In this case, the first Doppler data and the second
Doppler data are acquired by transforming the same echo
signal or are generated therefrom. Thus, the ultrasound
diagnosis apparatus 400 according to the present embodi-
ment may generate a resulting image via one-time diagnosis,
thereby making it convenient for a user to perform diagno-
sis.

[0081] For example, the processor 420 may extract fea-
tures by comparing the data regarding the first image with
the data regarding the second image. The processor 420 may
generate the first resulting image by adding the extracted
features to the first image. The first resulting image may be
generated using other various methods.

[0082] For example, the first or second setting range may
mean a range of a setting value including at least one of a
gain, a sensitivity, a power, and a blood flow velocity.
[0083] The ultrasound diagnosis apparatus 400 may fur-
ther include a user interface (not shown). The user interface
may refer to a device via which data for controlling the
ultrasound diagnosis apparatus 400 is received from the
user.

[0084] The processor 420 may control the display 430 to
generate and output a user interface screen for receiving a
predetermined command or data from the user. The display
430 may display, on the display panel, an input screen for
respectively setting landmarks corresponding to predeter-
mined movements of the heart in the first and second
Doppler data. In this case, the predetermined movements
may be an opening movement of heart valves and flow of
blood through the heart.

[0085] For example, the ultrasound diagnosis apparatus
400 may further include a communicator (not shown). The
communicator may teceive and/or transmit data from and/or
to an external device. For example, the communicator may
transmit synchronized first and second Doppler data to an
external terminal. Furthermore, the communicator may
transmit at least one piece of data related to a function of the
heart to the external terminal. In this case, the external
terminal may be a patient’s terminal. Furthermore, the
external device a server for providing may be a relay server
of an application for providing health information to a
patient or a server that manages medical records of the
patient. The communicator may connect to a wireless probe
or an external device via a communication network based on
Wi-Fi or Wi-Fi Direct (WFD) technology. In detail,
examples of a wireless communication network to which the
communicator can connect may include, but are not limited
to, Wireless LAN (WLAN), Wi-Fi, Bluetooth, ZigBee,
WEFD, Ultra Wideband (UWB), Infrared Data Association
(IrDA), Bluetooth Low Energy (BLE), and Near Field
Communication (NFC).

[0086] The ultrasound diagnosis apparatus 400 may fur-
ther include a memory (not shown). The memory may store
data related to an ultrasound image (e.g., an ultrasound
image, ultrasound data, scan-related data, data related to
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diagnosis of a patient, etc.), data transmitted from an exter-
nal device to the ultrasound diagnosis apparatus 400, etc.
The data transmitted from the external device may include
patient-related information, data necessary for diagnosis and
treatment of a patient, a patient’s past medical history, a
medical work list corresponding to instructions regarding
diagnosis on a patient, and the like.

[0087] Furthermore, the memory may store a program for
executing a method of operating the ultrasound diagnosis
apparatus 400. The memory may include a code representing
a method of operating the ultrasound diagnosis apparatus
400.

[0088] The ultrasound diagnosis apparatus 400 may
include a central arithmetic processor that controls all opera-
tions of the probe 410, the processor 420, the display 430,
the first image processor 450, the second image processor
440, and the memory. The central arithmetic processor may
be implemented as an array of a plurality of logic gates or
a combination of a general purpose microprocessor and a
memory for storing a program that can be executed on the
general purpose microprocessor. Furthermore, it will be
appreciated by those of ordinary skill in the art that the
central arithmetic processor may be formed by different
types of hardware.

[0089] Hereinafter, various operations performed by the
ultrasound diagnosis apparatus 300 (400) and applications
thereof will be described in detail. Although none of the
probe 310 (410), the processor 320 (420), the display 330
(430), the user interface, the communicator, and the memory
are specified, features and aspects that would be clearly
understood by and are obvious to those of ordinary skill in
the art may be considered as a typical implementation. The
scope of the present disclosure is not limited by a name of
a particular component or a physical/logical structure.
[0090] FIG. 5 is a flowchart of a method of operating an
ultrasound diagnosis apparatus, according to an embodi-
ment.

[0091] The method according to the present embodiment
may include operations of: transmitting an ultrasound signal
to an object and receiving an echo signal reflected from the
heart (S110); acquiring first Doppler data with respect to a
first setting range and second Doppler data with respect to a
second setting range (S130); and displaying a first resulting
image obtained based on the first and second Doppler data
(5170).

[0092] Forexample, in operations S130 and S170, the first
and second setting ranges may each be ranges of a magni-
tude of a signal and a velocity of blood flow. Furthermore,
the first Doppler data may be data in which a magnitude of
a signal is a within a first range, and a velocity of blood flow
is within a second range. The second Doppler data may be
data in which the magnitude of the signal is within a third
range, and the velocity of blood flow is within a third range.
[0093] According to an embodiment, the first Doppler data
may be acquired with respect to the first setting range by
using an echo signal. Furthermore, the second Doppler data
may be acquired with respect to the second setting range by
using the same echo signal.

[0094] According to an embodiment, in operation S170, to
obtain the first resulting image, the processor 420 may mix
the first Doppler data with the second Doppler data accord-
ing to a predetermined method.

[0095] FIGS. 6A and 6B show images obtained by chang-
ing a setting range according to a target area being observed.
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[0096] Forexample, FIG. 6A may show animage obtained
by optimizing a setting range for observation of a blood flow
velocity, and FIG. 6B may show an image obtained by
optimizing a setting range for observation of movement of
an organ. In this way, the type of an image that can be
obtained by the user varies according to a setting range.
However, it may be inconvenient for a user to observe a
plurality of these images or individually generate and
observe the images.

[0097] According to an embodiment, as shown in FIG. 4,
an ultrasound diagnosis apparatus may include first and
second image processors that respectively acquire pieces of
Doppler data with respect to two or more setting ranges
based on one ultrasound signal (or echo signal). By com-
bining together the acquired two or more pieces of Doppler
data according to a predetermined method, it is possible to
provide important information to the user.

[0098] FIGS. 7A and 7B show images obtained by an
ultrasound diagnosis apparatus by adjusting a setting range.
[0099] Doppler is a method of observing a blood flow
velocity using ultrasound waves. Furthermore, pulsed wave
Doppler or continuous wave Doppler may be generally used
for relatively accurate measurement of blood flow velocity.
In this case, various setting values may be used to predict a
range of a blood flow velocity or to obtain a user’s desired
image. However, use of these setting values or setting ranges
may cause the user to miss important information. Further-
more, when the user changes a setting to observe more
information, unimportant information may be included and
thus, the user may miss actual important information.
[0100] For example, FIG. 7A may be an image obtained
by generally adjusting a setting range for observation of
blood flow, and FIG. 7B may be an image obtained by
excessively adjusting a setting range. In other words, both
general setting as shown in FIG. 7A and excessive setting as
shown in FIG. 7B may make it difficult for the user to
identify important information.

[0101] According to an embodiment, an ultrasound diag-
nosis apparatus may respectively acquire pieces of Doppler
data with respect to two setting ranges and process the
acquired Doppler data by using a predetermined method,
thereby enabling a user to easily identify important infor-
mation. According to another embodiment, an ultrasound
diagnosis apparatus may respectively acquire pieces of
Doppler data with respect to two or more setting ranges.

[0102] FIG. 8 shows an image for explaining a method,
performed by an ultrasound diagnosis apparatus, of acquir-
ing Doppler data with respect to a heart of an object.

[0103] A waveform shown in FIG. 8 represents a pulsed
wave Doppler signal. The pulsed wave Doppler signal may
be used to display a blood flow image. A click signal is
indicated by arrows and may be used to detect a valve signal.
However, since the click signal is not clearly identified, it
may not be easy to clearly provide a valve signal to the user.
Hereinafter, an example in which such a valve signal is
extracted from a blood flow image and provided to the user
according to an embodiment will be described.

[0104] FIGS. 9A through 9D show images for explaining
a first resulting image provided by an ultrasound diagnosis
apparatus, according to an embodiment.

[0105] FIG. 9A illustrates a first image obtained based on
first Doppler data, and FIG. 9B illustrates a second image
obtained based on second Doppler data.
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[0106] FIG. 9C illustrates a feature extraction image
obtained from a second image, and FIG. 9D illustrates a first
resulting image obtained by adding the feature extraction
image to the first image.

[0107] For example, the processor 420 may obtain the
feature extraction image of F1G. 9C from the first image of
FIG. 9A and the second image of FIG. 9B. The processor
420 may also obtain the first resulting image of FIG. 9D by
adding the feature extraction image of FIG. 9C to the first or
second image.

[0108] FIG. 10 is a detailed flowchart of a method of
operating the ultrasound diagnosis apparatus 400, according
to an embodiment.

[0109] Operation S170 described with reference to FIG. 5
may include operations S273 and S276. Referring to FIG.
10, the processor 420 may determine the presence of an
abnormality in the heart based on the first and second
Doppler data (S273). In this case, to do so, the processor 420
may calculate an isovolumic interval in a cardiac cycle of the
heart. For example, the processor 420 may determine the
presence of an abnormality in the heart by determining a
length of the isovolumic interval. In detail, the processor 420
may determine the presence of an abnormality in the heart
by determining whether the length of the isovolumic interval
is less than or equal to a reference value.

[0110] The processor 420 may display a first resulting
image based on a result of the determining in operation S273
(5276). For example, when any abnormality of the heart is
present, the processor 420 may indicate the presence of an
abnormality in the heart on the first resulting image by
displaying a separate marker. For example, the processor
420 may indicate the presence of an abnormality in the heart
on the first resulting image based on an input received via
the user interface.

[0111] FIG. 11 is a detailed flowchart of a method of
operating the ultrasound diagnosis apparatus 400, according
to an embodiment.

[0112] Operation S170 described with reference to FIG. 5
may include operations S373 and S376. Referring to FIG.
11, the processor 420 may transmit a difference between the
first Doppler data and the second Doppler data to the display
430 (S373). The processor 430 may then display a first
resulting image based on the difference between the first and
second Doppler data (S376).

[0113] FIG. 12 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to another
embodiment.

[0114] Referring to FIG. 12, the ultrasound diagnosis
apparatus according to the present embodiment may include
a Doppler signal receiver 510, a processor 520, and a display
530. The processor 520 may include a first image generator
525, a second image generator 523, and a feature extractor
527.

[0115] FIG. 13 is a detailed flowchart of a method of
operating the ultrasound diagnosis apparatus of FIG. 12,
according to an embodiment.

[0116] The Doppler signal receiver 510 may receive an
ultrasound signal to an object and receive an echo signal
reflected from the heart (S210).

[0117] The first image generator 525 may obtain a first
image by acquiring Doppler data with respect to a first
setting range, and the second image generator 523 may
obtain a second image by acquiring Doppler data with
respect to a second setting range (S230).
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[0118] For example, the first image generator 525 may
generate first Doppler data by transforming an echo signal
received from a fetus’s heart only within the first setting
range and obtain the first image based on the first Doppler
data. The second image generator 523 may generate second
Doppler data by transforming the same echo signal that is
used to obtain the first image only within the second setting
range and obtain the second image based on the second
Doppler data.

[0119] By performing these operations, image 1 as shown
in FIG. 9A and image 2 as shown in FIG. 9B may be
obtained.

[0120] The feature extractor 527 may extract features from
the second image (S270). By performing operation S270, a
feature extraction image as shown in FIG. 9C may be
obtained. The processor 520 may generate a resulting image
by adding the extracted features to the first image (S290). By
performing operation S290, an image representation as
shown in FIG. 9D may be obtained.

[0121] According to various embodiments, the first and
second images may be processed using various methods.
Furthermore, the number of images being processed is not
limited to two (2) but may be implemented in various ways.
[0122] According to various embodiments, the processor
520 may extract features by combining pieces of data
regarding a plurality of images in various ways and generate
a resulting image by combining the extracted features with
differently processed data.

[0123] The ultrasound diagnosis apparatuses described
above may be implemented using hardware components,
software components, and/or a combination thereof. For
example, the apparatuses and components illustrated in the
embodiments may be implemented using one or more gen-
eral-purpose or special-purpose computers, such as a pro-
cessor, a controller, an arithmetic logic unit (ALU), a digital
signal processor, a microcomputer, a field programmable
array (FPA), a programmable logic unit (PLU), a micropro-
cessor, or any other device capable of responding to and
executing instructions.

[0124] A processing device may run an operating system
(OS) and one or more software applications running on the
OS. The processing device may also access, store, manipu-
late, process, and create data in response to execution of
software.

[0125] Although a single processing device may be illus-
trated for convenience, one of ordinary skill in the art will
appreciate that a processing device may include a plurality
of processing elements and/or a plurality of types of pro-
cessing elements. For example, a processing device may
include a plurality of processors or a processor and a
controller. In addition, the processing device may have
different processing configurations such as parallel proces-
SOrS.

[0126] Software may include a computer program, a piece
of code, a command, or one or more combinations thereof
and independently or collectively instruct or configure the
processing device to operate as desired.

[0127] Software and/or data may be embodied perma-
nently or temporarily in any type of machine, component,
physical equipment, virtual equipment, computer storage
medium or device, or in a transmitted signal wave so as to
be interpreted by the processing device or to provide com-
mands or data to the processing device. The software may
also be distributed over network-coupled computer systems
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so that the software is stored and executed in a distributed
fashion. The software and data may be stored in one or more
computer-readable recording media.
[0128] The methods according to the embodiments may be
recorded in non-transitory computer-readable recording
media including program instructions to implement various
operations embodied by a computer. The non-transitory
computer-readable recording media may also include, alone
or in combination with the program instructions, data files,
data structures, and the like. The program instructions
recorded in the non-transitory computer-readable recording
media may be designed and configured specially for the
embodiments or be known and available to those of ordinary
skill in computer software.
[0129] Examples of non-transitory computer-readable
recording media include magnetic media such as hard disks,
floppy disks, and magnetic tape, optical media such as
CD-ROM dises and DVDs, magneto-optical media such as
floptical discs, and hardware devices that are specially
configured to store and perform program instructions, such
as ROM, RAM, flash memory, and the like.
[0130] Examples of program instructions include both
machine code made by a compiler and a high-level pro-
gramming language to be executed in the computer by using
an interpreter.
[0131] The above-described hardware devices may be
configured to act as one or more software modules in order
to perform the operations of the above-described embodi-
ments, or vice versa.
[0132] 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 modifications
and changes in form and details may be made from the
above descriptions without departing from the spirit and
scope as defined by the following claims. For example,
adequate effects may be achieved even if the above tech-
niques are performed in a different order than that described
above, and/or the aforementioned elements, such as systems,
structures, devices, or circuits, are combined or coupled in
different forms and modes than those described above or are
replaced or supplemented by other components or their
equivalents.
[0133] Thus, the scope of the present disclosure is defined
not by the detailed description thereof but by the appended
claims and their equivalents.
What is claimed is:
1. A method of operating an ultrasound diagnosis appa-
ratus for performing diagnosis with respect to a heart of a
fetus, the method comprising:
transmitting an ultrasound signal to the heart of the fetus
and receiving an echo signal reflected from the heart;

acquiring first Doppler data and second Doppler data
respectively with respect to first and second setting
ranges by using the echo signal; and

displaying a first resulting image obtained based on the

first Doppler data and the second Doppler data.

2. The method of claim 1, wherein the first Doppler data
is data regarding blood flow of the heart, and the second
Doppler data is data regarding valves of the heart.

3. The method of claim 1, wherein the displaying of the
first resulting image comprises:

determining presence of an abnormality in the heart based

on the first Doppler data and the second Doppler data;
and
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displaying the first resulting image, based on a result of
the determining.

4. The method of claim 3, wherein the determining of the
presence of the abnormality in the heart comprises deter-
mining the presence of the abnormality in the heart by
calculating an isovolumic interval in a cardiac cycle of the
heart.

5. The method of claim 4, wherein the determining of the
presence of the abnormality in the heart comprises deter-
mining the presence of the abnormality in the heart by
determining whether the isovolumic interval is less than or
equal to a predetermined time.

6. The method of claim 1, wherein the displaying of the
first resulting image comprises:

transmitting a difference between the first Doppler data
and the second Doppler data to a display; and

displaying the first resulting image based on the difference
between the first Doppler data and the second Doppler
data.

7. The method of claim 1, wherein the displaying of the

first resulting image comprises:

generating first image data and second image data respec-
tively based on the first Doppler data and the second
Doppler data; and

generating feature extraction data representing properties
of the heart, based on the first image data and the
second image data.

8. The method of claim 7, wherein the first resulting
image is represented such that a user recognizes the prop-
erties of the heart from the feature extraction data.

9. The method of claim 1, wherein the first and second
setting ranges each include a range of a magnitude of a
signal and a range of a velocity of blood flow, and

wherein the first and second Doppler data are each data in
which the magnitude of the signal is within a prede-
termined range, and the velocity of the blood flow is
within a predetermined range.

10. The method of claim 1, further comprising mixing the
first Doppler data with the second Doppler data according to
a predetermined method to obtain the first resulting image.

11. An ultrasound diagnosis apparatus for performing
diagnosis with respect to a heart of a fetus, the ultrasound
diagnosis apparatus comprising:

a probe configured to transmit an ultrasound signal to the
heart of the fetus and receive an echo signal reflected
from the heart;

a processor configured to respectively acquire first Dop-
pler data and second Doppler data with respect to first
and second setting ranges by using the echo signal; and

a display configured to display a first resulting image
obtained based on the first Doppler data and the second
Doppler data.

12. The ultrasound diagnosis apparatus of claim 11,
wherein the first Doppler data is data regarding blood flow
of the heart, and the second Doppler data is data regarding
valves of the heart.

13. The ultrasound diagnosis apparatus of claim 11,
wherein the processor is further configured to determine
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presence of an abnormality in the heart, based on the first
Doppler data and the second Doppler data, and
wherein the display is further configured to display the
first resulting image based on a result of the determin-
ing.

14. The ultrasound diagnosis apparatus of claim 13,
wherein the processor is further configured to determine the
presence of the abnormality in the heart by calculating an
isovolumic interval in a cardiac cycle of the heart.

15. The ultrasound diagnosis apparatus of claim 14,
wherein the processor is further configured to determine the
presence of the abnormality in the heart by determining
whether the isovolumic interval is less than or equal to a
predetermined time.

16. The ultrasound diagnosis apparatus of claim 11,
wherein the processor is further configured to transmit a
difference between the first Doppler data and the second
Doppler data to the display, and

wherein the display is further configured to display the

first resulting image based on the difference between
the first Doppler data and the second Doppler data.

17. The ultrasound diagnosis apparatus of claim 11,
wherein the processor is further configured to respectively
generate first image data and second image data, based on
the first Doppler data and the second Doppler data and
produce feature extraction data representing properties of
the heart, based on the first image data and the second image
data.

18. The ultrasound diagnosis apparatus of claim 17,
wherein the display is further configured to represent the
first resulting image such that a user recognizes the proper-
ties of the heart from the feature extraction data.

19. The ultrasound diagnosis apparatus of claim 11,
wherein the first and second setting ranges each include a
range of a magnitude of a signal and a range of a velocity of
blood flow, and

wherein the first and second Doppler data are each data in

which the magnitude of the signal is within a prede-
termined range, and the velocity of the blood flow is
within a predetermined range.
20. The ultrasound diagnosis apparatus of claim 11,
wherein the processor is further configured to mix the first
Doppler data with the second Doppler data according to a
predetermined method to obtain the first resulting image.
21. A non-transitory computer-readable recording
medium having recorded thereon a program for performing
amethod of operating an ultrasound diagnosis apparatus, the
method comprising:
transmitting an ultrasound signal to a heart of a fetus and
receiving an echo signal reflected from the heart;

acquiring first Doppler data and second Doppler data
respectively with respect to first and second setting
ranges by using the echo signal; and

displaying a first resulting image obtained based on the

first Doppler data and the second Doppler data.
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