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ULTRASOUND IMAGING APPARATUS AND
OPERATION METHOD THEREFOR

TECHNICAL FIELD

[0001] One or more embodiments relate to an ultrasound
imaging apparatus and a method of operating the ultrasound
imaging apparatus.

BACKGROUND ART

[0002] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and receive echo signals reflected from the object,
thereby obtaining at least one image of an internal part of the
object.

[0003] In particular, ultrasound diagnosis apparatuses are
used for medical purposes including observation of the
interior of an object, detection of foreign substances, and
diagnosis of damage to the object.

[0004] Such ultrasound diagnosis apparatuses provide
high stability, display images in real time, and are safe due
to the lack of radioactive exposure, compared to X-ray
apparatuses. Therefore, ultrasound imaging apparatuses are
widely used together with other image diagnosis appara-
tuses.

DISCLOSURE

Technical Solution

[0005] One or more embodiments include an ultrasound
imaging apparatus capable of measuring lung maturity of a
fetus by using Doppler data and displaying a measurement
result.

[0006] One or more embodiments include an ultrasound
imaging apparatus capable of improving time accuracy of
Doppler data obtained from a Doppler image.

[0007] One or more embodiments include a non-transitory
computer-readable recording medium having embodied
thereon a program for executing a method of operating the
ultrasound imaging apparatus.

[0008] 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.

[0009] According to one or more embodiments, an ultra-
sound imaging apparatus includes a probe configured to
receive ultrasound data from a lung of a fetus; a processor
configured to obtain Doppler data based on the ultrasound
data, to measure a value about at least one parameter used
to estimate lung maturity of the fetus, and to estimate the
fetal lung maturity by using the measured value about at
least one parameter; and a display configured to display a
result of estimated lung maturity.

[0010] The at least one parameter is a parameter related to
a pulmonary blood flow index of the fetus.

[0011] The atleast one parameter includes: an acceleration
time representing a time period from a reference time point
to a point when a blood flow rate in the pulmonary trunk of
the fetus according to contraction of the heart of the fetus;
and an ejection time representing a time period from the
reference time point to a point when the blood flow rate in
the pulmonary trunk of the fetus according to relaxation of
the heart of the fetus, wherein the processor automatically
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calculates values about the acceleration time and the ejection
time based on the Doppler data to estimate the fetal lung
maturity.

[0012] The Doppler data is a Doppler waveform having
periods and representing the blood flow rate in the pulmo-
nary trunk of the fetus.

[0013] The processor estimates the fetal lung maturity by
using the measured value about at least one parameter and
a standard value about the at least one parameter of a
plurality of fetuses according to gestation growth.

[0014] The processor compares the measured value about
the at least one parameter with the standard value, and
estimates gestation of the fetal lung maturity according to a
comparison result.

[0015] The display displays at least one of the estimated
gestation of the fetal lung maturity and an index representing
the estimated gestation of the fetal lung maturity.

[0016] The display displays the measured value about the
at least one parameter and the standard value of the at least
one parameter according to the estimated gestation of the
fetal lung maturity.

[0017] The display displays the Doppler image obtained
from the ultrasound data and actual gestation of the fetal
lung maturity.

[0018] The display displays the estimated gestation of the
fetal lung maturity and the actual gestation of the fetal lung
maturity on a graph to be distinguished from each other.
[0019] The processor determines safety of the fetal lung
maturity based on at least one of the estimated gestation of
the fetal lung maturity according to the gestation growth of
the fetus and the index representing the estimated gestation
of the fetal lung maturity, and the display displays a result
of determination of the safety of the fetal lung maturity. The
Doppler data is a color Doppler image.

[0020] The ultrasound imaging apparatus further includes
a user interface configured to receive the at least one
parameter used to estimate the fetal lung maturity, wherein
the processor estimates the fetal lung maturity based on the
input at least one parameter.

[0021] The user interface receives an input for setting a
boundary of a fetal lung area in the Doppler image obtained
from the ultrasound data, and the processor determines a size
of the fetal lung based on the boundary and estimates the
fetal lung maturity by using a standard value about sizes of
lungs of a plurality of fetuses according to gestation growth.
[0022] According to one or more embodiments, a method
of operating an ultrasound imaging apparatus, the method
including: obtaining ultrasound data from a lung of a fetus
and obtaining Doppler data based on the ultrasound data;
measuring a value about at least one parameter used to
estimate lung maturity of the fetus based on the Doppler
data; estimating the fetal lung maturity by using the mea-
sured value about the at least one parameter; and displaying
a result of estimating the fetal lung maturity.

[0023] According to one or more embodiments, a non-
transitory computer-readable recording medium having
embodied thereon a program for executing a method of
operating an ultrasound imaging apparatus, wherein the
method includes: obtaining ultrasound data from a lung of a
fetus and obtaining Doppler data based on the ultrasound
data; measuring a value about at least one parameter used to
estimate lung maturity of the fetus based on the Doppler
data; estimating the fetal lung maturity by using the mea-
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sured value about the at least one parameter; and displaying
a result of estimating the fetal lung maturity.

[0024] According to one or more embodiments, an ultra-
sound imaging apparatus including: a probe configured to
receive ultrasound data from an object; a processor config-
ured to obtain Doppler data of the object based on the
ultrasound data, to set a region of interest of the object in the
Doppler image, to obtain Doppler data corresponding to
motion having periodicity of the object from the region of
interest for a plurality of first sample periods, to obtain an
actual period of the motion of the object, and rearrange the
Doppler data based on the actual period; and a display
configured to display the Doppler image.

[0025] The processor arranges the Doppler image corre-
sponding to an actual first period of the object, arranges
Doppler data corresponding to an actual second period of the
object to overlap with the Doppler data corresponding to the
actual first period, and arranges Doppler data corresponding
to an actual third period of the object to overlap with the
Doppler data corresponding to the actual first period.
[0026] The processor obtains Doppler data corresponding
to the motion having periodicity of the object for a plurality
of second sample periods, and rearranges the Doppler data
obtained for the plurality of first sample periods and the
Doppler data obtained for the plurality of second sample
periods, based on the actual period.

[0027] Ifthe actual period is in a multiple relation with the
first sample period, the processor sets a second sample
period that is not in a multiple relation with the actual period,
obtains Doppler data corresponding to the motion of the
object from the region of interest for a plurality of second
sample periods, and rearranges the Doppler data obtained for
the plurality of second sample periods based on the actual
period.

[0028] The processor obtains the Doppler data by delaying
a predetermined period among the plurality of periods.
[0029] The processor obtains the actual period of the
motion of the object by applying a Fast Fourier Transform
to the Doppler data.

[0030] The display displays the rearranged Doppler data.
[0031] The ultrasound imaging apparatus further includes
a user interface configured to receive a user input for setting
the region of interest of the object in the Doppler image,
wherein the processor obtains Doppler data corresponding to
the motion having periodicity of the object based on the user
input.

[0032] The Doppler image is at least one of a color
Doppler image, a power Doppler image, a tissue Doppler
image, a vector Doppler image, and a spectral Doppler
image.

[0033] The object is the heart.

[0034] According to one or more embodiments, a method
of operating an ultrasound imaging apparatus, the method
including: obtaining ultrasound data from an object and
obtaining Doppler data of the object based on the ultrasound
data; setting a region of interest of the object in a Doppler
image, and obtaining the Doppler data corresponding to
motion having periodicity of the object from the region of
interest for a plurality of first sample periods; obtaining an
actual period of the motion of the object based on a
frequency analysis of the Doppler data; and rearranging the
Doppler data based on the actual period.

[0035] According to one or more embodiments, a non-
transitory computer-readable recording medium having

May 2, 2019

embodied thereon a program for executing a method of
operating an ultrasound imaging apparatus, wherein the
method includes: obtaining ultrasound data from an object
and obtaining Doppler data of the object based on the
ultrasound data; setting a region of interest of the object in
a Doppler image, and obtaining the Doppler data corre-
sponding to motion having periodicity of the object from the
region of interest for a plurality of first sample periods;
obtaining an actual period of the motion of the object based
on a frequency analysis of the Doppler data; and rearranging
the Doppler data based on the actual period.

DESCRIPTION OF DRAWINGS

[0036] 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:

[0037] FIG. 1 is a block diagram of an ultrasound diag-
nosis apparatus according to an embodiment;

[0038] FIG. 2 is a block diagram of a wireless probe
according to an embodiment;

[0039] FIG. 3 is a block diagram of an ultrasound imaging
apparatus according to an embodiment;

[0040] FIG. 4 is a block diagram of an ultrasound imaging
apparatus according to another embodiment;

[0041] FIG. 5 is a flowchart illustrating a method of
operating an ultrasound imaging apparatus, according to an
embodiment;

[0042] FIG. 6A is a diagram illustrating a Doppler image
obtained from a lung of a fetus, according to an embodi-
ment;

[0043] FIG. 6B is a diagram illustrating Doppler data
related to a bloodstream in a lung of a fetus, according to
another embodiment;

[0044] FIG. 7A is a diagram illustrating an acceleration
time that is an example of a parameter;

[0045] FIG. 7B is a diagram illustrating an ejection time
that is another example of a parameter;

[0046] FIG. 8 is a diagram illustrating data determining an
estimated lung maturity of a fetus based on the acceleration
time and the ejection time, according to an embodiment;
[0047] FIG. 9A is a diagram of a screen representing a
result of lung maturity in an ultrasound imaging apparatus,
according to an embodiment;

[0048] FIG. 9B is a diagram of a screen representing a
result of lung maturity in an ultrasound imaging apparatus,
according to another embodiment;

[0049] FIG. 9C is a diagram of a screen representing a
result of lung maturity in an ultrasound imaging apparatus,
according to another embodiment;

[0050] FIG. 10 is a flowchart illustrating a method of
operating an ultrasound imaging apparatus, according to
another embodiment;

[0051] FIG. 11 is a diagram illustrating processes of
estimating lung maturity of a fetus based on user input,
according to an embodiment;

[0052] FIG. 12 is a block diagram of an ultrasound imag-
ing apparatus according to an embodiment;

[0053] FIG. 13 is a block diagram of an ultrasound imag-
ing apparatus according to another embodiment;

[0054] FIG. 14 is a flowchart illustrating a method of
operating an ultrasound imaging apparatus, according to an
embodiment;
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[0055] FIG. 15 is a diagram illustrating processes of
ensuring temporal resolution of Doppler data that is neces-
sary for diagnosing an object by using a Doppler image,
according to an embodiment;

[0056] FIG. 16A is a diagram illustrating processes of
obtaining Doppler data according to a first sample period,
according to an embodiment;

[0057] FIG. 16B is a diagram illustrating rearranging of
obtained Doppler data, according to an embodiment;
[0058] FIG. 17A is a diagram illustrating processes of
obtaining Doppler data according to a first sample period,
according to another embodiment;

[0059] FIG. 17B is a diagram illustrating rearranging of
obtained Doppler data, according to another embodiment;
[0060] FIG. 18A is a diagram of Doppler data obtained
according to a low sample rate, according to an embodiment;
and

[0061] FIG. 18B is a diagram of Doppler data obtained by
re-sampling Doppler data obtained according to a low
sample rate, according to an embodiment.

MODE FOR INVENTION

[0062] The terms used in this specification are those
general terms currently widely used in the art in consider-
ation of functions regarding the inventive concept, 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, some terms may be arbitrarily selected by the
applicant, and in this case, the meaning of the selected terms
will be described in detail in the detailed description of the
present specification. Thus, the terms used in the specifica-
tion should be understood not as simple names but based on
the meaning of the terms and the overall description of the
invention.

[0063] When a part “includes” or “comprises” an element,
unless there is a particular description contrary thereto, the
part can further include other elements, not excluding the
other elements. Also, the term “unit” in the specification
means a software component or hardware component such
as a field-programmable gate array (FPGA) or an applica-
tion-specific integrated circuit (ASIC), and performs a spe-
cific 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
components, object-oriented software components, class
components, and task components, and may include pro-
cesses, functions, attributes, procedures, subroutines, seg-
ments of program code, drivers, firmware, micro codes,
circuits, data, a database, data structures, tables, arrays, or
variables. A function provided by the components and
“units” may be associated with a smaller number of com-
ponents and “units”, or may be divided into additional
components and “units”. While such terms as “first,” “sec-
ond,” etc., may be used to describe various components,
such components are not limited thereto. These terms are
used only to distinguish one component from another. For
example, a first component may be referred to as a second
component without departing from the scope of the inven-
tive concept, and similarly, a second component may be
referred to as a first component. 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
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one of,” when preceding a list of elements, modify the entire
list of elements and do not modify the individual elements
of the list. In the present specification, an “image” may refer
to multi-dimensional data composed of discrete image ele-
ments (e.g., pixels in a two-dimensional (2D) image and
voxels in a three-dimensional (3D) image).

[0064] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is obtained
using ultrasound waves. An ultrasound image may denote an
image obtained by irradiating an ultrasound signal generated
from a transducer of a probe to an object, and receiving
information of an echo signal reflected by the object. Also,
the ultrasound image may be variously implemented, and 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. Also,
the ultrasound image may be a two-dimensional (2D) image
or a three-dimensional (3D) image. 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. Also, the object may
be a phantom. The phantom means a material having a
density, an effective atomic number, and a volume that are
approximately the same as those of an organism.

[0065] Throughout the specification, a “user” may be, but
is not limited to, a medical expert, for example, a medical
doctor, a nurse, a medical laboratory technologist, or a
medical imaging expert, or a technician who repairs medical
apparatuses.

[0066] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings. In this regard, the present embodiments may
have different forms and should not be construed as being
limited to the descriptions set forth herein.

[0067] FIG. 1is a block diagram showing a configuration
of an ultrasound diagnosis apparatus 100 according to an
embodiment.

[0068] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
115, an image processor 150, a display 160, a communica-
tion module 170, a memory 180, a user input unit 190, and
a controller 195. Also, the above-mentioned components
may be connected with each other via a bus 185, and the
image processor 150 may include an image generator 155,
a cross-section information detector (not shown), and the
display 160.

[0069] A person of ordinary skill in the art will understand
that other general purpose components besides the compo-
nents illustrated in FIG. 1 may be further included.

[0070] In some embodiments, the ultrasound diagnosis
apparatus 100 may be a cart type apparatus or a portable type
apparatus. Examples of portable ultrasound diagnosis appa-
ratuses may include, but are not limited to, a picture
archiving and communication system (PACS) viewer, a
smartphone, a laptop computer, a personal digital assistant
(PDA), and a tablet PC.

[0071] The probe 20 includes a plurality of transducers,
and the plurality of transducers oscillate in response to
electric signals and generate acoustic energy, that is, ultra-
sound waves. Furthermore, the probe 20 may be connected
to the main body of the ultrasound diagnosis apparatus 100
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by wire or wirelessly, and according to embodiments, the
ultrasound diagnosis apparatus 100 may include a plurality
of probes 20.

[0072] A transmitter 110 supplies a driving signal to the
probe 20. The transmitter 110 includes a pulse generator 112,
a transmission delaying unit 114, and a pulser 116. The pulse
generator 112 generates pulses for forming transmission
ultrasound waves based on a predetermined pulse repetition
frequency (PRF), and the transmission delaying unit 114
delays the pulses by delay times necessary for determining
transmission directionality. The pulses which have been
delayed correspond to a plurality of piezoelectric vibrators
included in the probe 20, respectively. The pulser 116
applies a driving signal (or a driving pulse) to the probe 20
based on timing corresponding to each of the pulses which
have been delayed.

[0073] A receiver 120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The
receiver 120 may include an amplifier 122, an analog-to-
digital converter (ADC) 124, a reception delaying unit 126,
and a summing unit 128. The amplifier 122 amplifies echo
signals in each channel, and the ADC 124 performs analog-
to-digital conversion on the amplified echo signals. The
reception delaying unit 126 delays digital echo signals
output by the ADC 124 by delay times necessary for
determining reception directionality, and the summing unit
128 generates ultrasound data by summing the echo signals
processed by the reception delaying unit 126.

[0074] The image processor 150 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 115.

[0075] The ultrasound image may be not only a grayscale
ultrasound image obtained by scanning an object in an
amplitude (A) mode, a brightness (B) mode, and a motion
(M) mode, but also may represent motion of an object by
using a Doppler image. The Doppler image may be a blood
flow Doppler image showing flow of blood (also referred to
as a color Doppler image), a tissue Doppler image showing
a movement of tissue, or a spectral Doppler image showing
a moving speed of an object as a waveform.

[0076] A B mode processor 141 extracts B mode compo-
nents from ultrasound data and processes the B mode
components. The image generator 155 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components.

[0077] Similarly, a Doppler processor 142 may extract
Doppler components from ultrasound data, and the image
generator 155 may generate a Doppler image indicating a
movement of an object as colors or waveforms based on the
extracted Doppler components.

[0078] The image generator 155 may generate a 2D ultra-
sound image or a 3D ultrasound image of an object, and may
also generate an elastic image that shows a degree of
deformation of an object 10 depending on pressure. Fur-
thermore, the image generator 155 may display various
pieces of additional information in an ultrasound image by
using text and graphics. In addition, the generated ultra-
sound image may be stored in the memory 180.

[0079] The display 160 displays the generated ultrasound
image. The display 160 may display not only an ultrasound
image, but also various pieces of information processed by
the ultrasound diagnosis apparatus 100 on a screen image
via a graphical user interface (GUI). In addition, the ultra-
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sound diagnosis apparatus 100 may include two or more
displays 160 according to embodiments.

[0080] The display 160 may include at least one of a liquid
crystal display (LCD), a thin film transistor-liquid crystal
display (TFT-LCD), an organic light-emitting diode (OLED)
display, a flexible display, a 3D display, and an electropho-
retic display.

[0081] Also, in the case where the display 160 and a user
input unit configure a touchscreen by forming a layered
structure, the display 160 may be used as not only an output
unit but also an input unit that may receive information via
a user’s touch.

[0082] The touchscreen may be configured to detect even
touch pressure as well as a touch location and a touched area.
Also, the touchscreen may be configured to detect not only
a real-touch but also a proximity touch.

[0083] In the specification, a “real-touch” denotes a case
where a pointer actually touches a screen, and a “proximity-
touch” denotes a case where a pointer does not actually
touch a screen but is held apart from a screen by a prede-
termined distance. In the specification, a pointer denotes a
touch tool for touching or proximity-touching a specific
portion of a displayed screen. For example, a pointer may be
an electronic pen, a finger, etc.

[0084] Although not shown in the drawings, the ultra-
sound diagnosis apparatus 100 may include various sensors
inside or in the vicinity of a touchscreen in order to detect
a direct touch or a proximity touch with respect to the
touchscreen. An example of a sensor for detecting a touch
with respect to the touchscreen includes a tactile sensor.
[0085] The tactile sensor denotes a sensor for detecting a
contact of a specific object to a degree felt by a person or
more. The tactile sensor may detect various information
such as roughness of a contact surface, hardness of a contact
object, and the temperature of a contact point.

[0086] Also, an example of a sensor for detecting a touch
with respect to the touchscreen includes a proximity sensor.
The proximity sensor denotes a sensor for detecting an
object approaching a predetermined detection surface or the
existence of an object in the neighborhood by using an
electromagnetic force or an infrared ray without any
mechanical contact.

[0087] An example of a proximity sensor includes a
transmissive photoelectric sensor, a direct reflective photo-
electric sensor, a mirror reflective photoelectric sensor, a
high frequency oscillation type proximity sensor, a capaci-
tive proximity sensor, a magnetic proximity sensor, an
infrared proximity sensor, etc.

[0088] The communication module 170 is connected to a
network 30 by wire or wirelessly to communicate with an
external device or a server. The communication module 170
may exchange data with a hospital server or another medical
apparatus in a hospital, which is connected thereto via a
PACS. Furthermore, the communication module 170 may
perform data communication according to the digital imag-
ing and communications in medicine (DICOM) standard.
[0089] The communication module 170 may transmit or
receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of the
object, via the network 30 and may also transmit or receive
medical images captured by another medical apparatus, e.g,,
a computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, or an X-ray apparatus.
Furthermore, the communication module 170 may receive
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information about a diagnosis history or medical treatment
schedule of a patient from a server and utilizes the received
information to diagnose the patient. Furthermore, the com-
munication module 170 may perform data communication
not only with a server or a medical apparatus in a hospital,
but also with a portable terminal of a medical doctor or
patient.

[0090] The communication module 170 is connected to
the network 30 by wire or wirelessly to exchange data with
a server 32, a medical apparatus 34, or a portable terminal
36. The communication module 170 may include one or
more components for communication with external devices.
For example, the communication module 1300 may include
a local area communication module 171, a wired commu-
nication module 172, and a mobile communication module
173.

[0091] The local area communication module 171 refers to
a module for local area communication within a predeter-
mined distance. Examples of local area communication
techniques according to an embodiment may include, but are
not limited to, wireless LAN, Wi-Fi, Bluetooth, ZigBee,
Wi-Fi Direct (WFD), ultra wideband (UWB), infrared data
association (IrDA), Bluetooth low energy (BLE), and near
field communication (NFC).

[0092] The wired communication module 172 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an embodiment may include communication
via a twisted pair cable, a coaxial cable, an optical fiber
cable, and an Ethernet cable.

[0093] The mobile communication module 173 transmits
or receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
mobile communication network. The wireless signals may
be voice call signals, video call signals, or various types of
data for transmission and reception of text/multimedia mes-
sages.

[0094] The memory 180 stores various data processed by
the ultrasound diagnosis apparatus 100. For example, the
memory 180 may store medical data related to diagnosis of
an object, such as ultrasound data and an ultrasound image
that are input or output, and may also store algorithms or
programs which are to be executed in the ultrasound diag-
nosis apparatus 100.

[0095] The memory 180 may be any of various storage
media, e.g., a flash memory, a hard disk drive, EEPROM,
etc.

[0096] Furthermore, the ultrasound diagnosis apparatus
100 may utilize web storage or a cloud server that performs
the storage function of the memory 180 online.

[0097] The user input unit 190 generates input data which
a user inputs in order to control an operation of the ultra-
sound diagnosis apparatus 100. The user input unit 190 may
include a hardware configuration such as a keypad, a mouse,
a touchpad, a track ball, and a jog switch, but is not limited
thereto, and may further include various configurations such
as an electrocardiogram measurement module, a breathing
measurement module, a voice recognition sensor, a gesture
recognition sensor, a fingerprint recognition sensor, an iris
recognition sensor, a depth sensor, and a distance sensor.
[0098] Particularly, the user input unit 190 may also
include a touchscreen in which a touchpad and the display
160 form a layered structure.
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[0099] Inthis case, the ultrasound diagnosis apparatus 100
according to an embodiment may display an ultrasound
image of a predetermined mode and a control panel for an
ultrasound image on the touchscreen. Also, the ultrasound
diagnosis apparatus 100 may detect a user’s touch gesture
for an ultrasound image via the touchscreen.

[0100] The ultrasound diagnosis apparatus 100 according
to an embodiment may physically include some buttons
frequently used by a user from among buttons included in a
control panel of a general ultrasound apparatus, and provide
the rest of the buttons in the form of a GUI via the
touchscreen.

[0101] The controller 195 may control all operations of the
ultrasound diagnosis apparatus 100. In other words, the
controller 195 may control operations among the probe 20,
the ultrasound transceiver 115, the image processor 150, the
communication module 170, the memory 180, and the user
input unit 190 shown in FIG. 1.

[0102] All or some of the probe 20, the ultrasound trans-
ceiver 115, the image processor 150, the communication
module 170, the memory 180, the user input unit 190, and
the controller 195 may be implemented as software mod-
ules. However, embodiments of the present invention are not
limited thereto, and some of the components stated above
may be implemented as hardware modules. Furthermore, at
least one selected from the ultrasound transceiver 115, the
image processor 150, and the communication module 170
may be included in the controller 195. However, embodi-
ments of the present invention are not limited thereto.
[0103] FIG. 2 is a block diagram showing a configuration
of a wireless probe 2000 according to an embodiment. As
described above with reference to FIG. 1, the wireless probe
2000 may include a plurality of transducers, and, according
to embodiments, may include some or all of the components
of the ultrasound diagnosis apparatus 100 shown in FIG. 1.
[0104] The wireless probe 2000 according to the embodi-
ment shown in FIG. 2 includes a transmitter 2100, a trans-
ducer 2200, and a receiver 2300. Since descriptions thereof
are given above with reference to FIG. 1, detailed descrip-
tions thereof will be omitted here. In addition, according to
embodiments, the wireless probe 2000 may selectively
include a reception delaying unit 2330 and a summing unit
2340.

[0105] The wireless probe 2000 may transmit ultrasound
signals to the object 10, receive echo signals from the object
10, generate ultrasound data, and wirelessly transmit the
ultrasound data to the ultrasound diagnosis apparatus 100
shown in FIG. 1.

[0106] The wireless probe 2000 may be a smart apparatus
that may perform ultrasound scanning by including a trans-
ducer array. Specifically, the wireless probe 2000 is a smart
apparatus, scans an object by using a transducer array, and
obtains ultrasound data. Then, the wireless probe 2000 may
generate and/or display an ultrasound image by using the
obtained ultrasound data. The wireless probe 2000 may
include a display, and display a screen including a user
interface screen for controlling at least one ultrasound image
and/or a scan operation of an object via the display.
[0107] While a user scans a patient’s predetermined body
portion, which is an object, by using the wireless probe
2000, the wireless probe 2000 and the ultrasound diagnosis
apparatus 100 may continue to transmit/receive predeter-
mined data via a wireless network. Specifically, while a user
scans a patient’s predetermined body portion, which is an
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object, by using the wireless probe 2000, the wireless probe
2000 may transmit ultrasound data to the ultrasound diag-
nosis apparatus 100 in real-time via the wireless network.
The ultrasound data may be updated in real-time and trans-
mitted from the wireless probe 2000 to the ultrasound
diagnosis apparatus 100 as ultrasound scanning is performed
continuously.

[0108] FIG. 3 is a block diagram of an ultrasound imaging
apparatus 300 according to an embodiment.

[0109] Theultrasound imaging apparatus 300 may include
a probe 310, a processor 320, and a display 330. However,
not all the elements in FIG. 3 are essential elements. The
ultrasound imaging apparatus 300 may include more or less
elements than the elements shown in FIG. 3. Hereinafter, the
elements will be described below.

[0110] The probe 310 may include a plurality of transduc-
ers for converting between ultrasound signals and electric
signals. That is, the probe 310 may include a transducer
array including a plurality of transducers, and the plurality
of transducers may be arranged one-dimensionally or two-
dimensionally. Each of the plurality of transducers may
separately generate an ultrasound signal, and the plurality of
transducers may simultaneously generate ultrasound signals.
The ultrasound signal transmitted from each of the trans-
ducers is reflected by a discontinuous surface of impedance
in an object. Each transducer may convert a reflected echo
signal into an electric signal. The probe 310 may receive
ultrasound data from the lungs of a fetus.

[0111] The processor 320 may obtain Doppler data based
on the ultrasound data. The Doppler data may be a Doppler
wave having periods and representing a blood flow rate in
the pulmonary trunk of the fetus. In addition, the Doppler
data may be a color Doppler image. One of ordinary skill in
the art would appreciate that the Doppler data may include
images regarding Doppler, graphs, and values about a cer-
tain parameter, but is not limited thereto.

[0112] The processor 320 may measure a value about at
least one parameter used to estimate lung maturity of the
fetus based on the Doppler data.

[0113] In the present specification, the “lung maturity”
may not only denote simple growth of the lungs of a fetus,
but also denote a degree of completion in lung performance
so that the fetus is able to respire through the lungs. In
addition, the concept of fetal lung maturity may be distin-
guished from the concept of fetal growth. That is, fetal
growth is related to overall growth of the fetus, and fetal
lung maturity is regarding whether the lungs of the fetus
normally perform, rather than simple growth of the fetus.
[0114] Here, the at least one parameter may be a parameter
related to an index of pulmonary blood flow of the fetus. In
detail, the parameter may include an acceleration time
representing a time period from a reference time point to a
point when the blood flow rate in the pulmonary trunk of the
fetus is the highest, and an ejection time representing a time
period from the reference time point to a point when the
blood flow rate in the pulmonary trunk of the fetus is
changed according to relaxation of the fetal heart. One of
ordinary skill in the art would appreciate that one or more
embodiments are not limited to the above example of the
parameter and the fetal lung maturity may be estimated
according to other parameters.

[0115] The processor 320 may estimate the fetal lung
maturity by using the measured value about at least one
parameter. For example, the processor 320 obtains variation
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in the pulmonary blood flow supplied to the lungs by using
the value about the parameter related to the pulmonary blood
flow index, and estimates the lung maturity according to the
obtained variation in the pulmonary blood flow.

[0116] In detail, the processor 320 may estimate the fetal
lung maturity by using, for example, the acceleration time
and the ejection time. The processor 320 may estimate the
fetal lung maturity by using Equation 1 below.

C x acceleration time (AT) (D

I turity =
Hg Aty ejection time (ET)

[0117] Here, C denotes a constant for estimating an index
of the lung maturity. The acceleration time and the ejection
time are the same as the above description. The processor
320 automatically calculates values regarding the accelera-
tion time and the ejection time based on Doppler data, and
estimates the fetal lung maturity.

[0118] According to another example, the processor 320
may estimate the fetal lung maturity by using Equation 2
below.

C xacceleration time (AT)/ejection time (ET) 2)

representative value

lung maturity=

[0119] Here, a representative value is calculated statisti-
cally from data about lung maturity according to the gesta-
tion growth of a plurality of fetuses. In detail, if actual
gestation of the fetus is 23 weeks, the representative value
may be a value that is statistically calculated based on
fetuses corresponding to 23 weeks among the plurality of
fetuses. That is, the processor 320 automatically calculates
values regarding the acceleration time and the ejection time
based on the Doppler data, and estimates the fetal lung
maturity by using the calculated values and the representa-
tive value.

[0120] As another example, the processor 320 may esti-
mate the fetal lung maturity by using the measured value
about at least one parameter and a standard value of a
plurality of fetuses about the at least one parameter accord-
ing to the gestation growth of the fetuses. In detail, the
processor 320 compares the measured value with the stan-
dard value about the parameter, and estimates the fetal lung
maturity according to a comparison result.

[0121] The processor 320 may obtain an estimated gesta-
tion of lung maturity and an index representing the estimated
gestation of lung maturity by using the parameter related to
the pulmonary blood flow index. The parameter related to
the pulmonary blood flow index may include a peak systolic
velocity (PSV), an end diastolic velocity (EDV), a time
average mean velocity (TAMV), and a time average peak
velocity (TAPV), but is not limited thereto.

[0122] Inaddition, the estimated lung maturity week num-
ber index may be generated by combining the above-
mentioned parameters. In detail, the index of the estimated
gestation of lung maturity may be a ratio between the PSV
and the EDV, as expressed by Equations 3 and 4 below.



US 2019/0125294 Al

index of estimated gestation of lung maturity = 3
peak systolic velocity| PSV

end diastolic velocity| EDV

index of estimated gestation of lung maturity = 4
peak systolic velocity| PSV
end diastolic velocity| EDV

[0123] In addition, the index of the estimated gestation of
lung maturity may be generated based on a difference
between the PSV and the EDV. This may be expressed by
Fquation 5 and Equation 6 below.

. . ‘ . PSV-EDV 3)
index of estimated gestation of lung maturity= ———

PSV
index of estimated gestation of | urity= o0 —EDV @
index of estimated gestation of lung maturity = —rmr—

[0124] The display 330 displays a predetermined screen.
In detail, the display 330 displays a predetermined screen
according to control of the processor 320. The display 330
may include a display panel (not shown), and may display
a medical image, etc. on the display panel.

[0125] The display 330 may represent an estimated result
of lung maturity. For example, the display 330 may represent
at least one of indexes representing estimated gestation of
fetal lung maturity. The display 330 may represent the
measured value about the at least one parameter and the
standard value about at least one parameter according to the
estimated gestation of lung maturity.

[0126] In addition, the display 330 may represent the
Doppler image obtained from ultrasound data and the actual
gestation of fetal lung maturity. In addition, the display 330
may represent the estimated gestation of lung maturity and
the actual gestation of fetal lung maturity on a graph to be
distinguished from each other.

[0127] In addition, the processor 320 may determine
safety of the fetal lung maturity, based on at least one of the
estimated gestation of the fetal lung maturity and an index
representing the estimated gestation of the fetal lung matu-
rity. The display 330 may represent the safety result of the
fetal lung maturity.

[0128] The ultrasound imaging apparatus 300 includes a
central processor that controls all operations of the probe
310, the processor 320, and the display 330. The central
processor may be implemented as an array of a plurality of
logic gates, or as a combination of a universal microproces-
sor and a memory storing programs that may be executed in
the microprocessor. In addition, one of ordinary skill in the
art would appreciate that the central processor may be
implemented by other types of hardware.

[0129] FIG. 41s a block diagram of an ultrasound imaging
apparatus 400 according to another embodiment.

[0130] Theultrasound imaging apparatus 400 may include
a probe 410, a processor 420, a display 430, and a user
interface 440.

[0131] InFIG. 4, the probe 410, the processor 420, and the
display 430 of the ultrasound imaging apparatus 400 corre-
spond to the probe 310, the processor 320, and the display
330 of the ultrasound imaging apparatus 300 illustrated
above with reference to FIG. 3, and thus, detailed descrip-
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tions thereof are omitted. The ultrasound imaging apparatus
400 may include more or less elements than the elements
shown in FIG. 4. Hereinafter, the elements will be described
below.

[0132] The user interface 440 is an apparatus for receiving
data for controlling the ultrasound imaging apparatus 400
from a user. The processor 420 may control the display 430
to generate and output a user interface screen for receiving
apredetermined command or data from the user. The display
430 may display a screen for receiving a parameter that is
used to estimate the fetal lung maturity on the display panel.
[0133] The user interface 440 may receive the input of at
least one parameter used to estimate the fetal lung maturity.
The processor 420 may estimate the fetal lung maturity
based on the received at least one parameter.

[0134] In addition, the user interface 440 may receive an
input for setting a boundary of fetal lung area in the Doppler
image obtained from the ultrasound data. Here, the user
interface 440 may include hardware such as a keypad, a
mouse, a touch panel, a touch screen, a track ball, a jog
switch, etc., but is not limited thereto. In addition, the user
interface 440 may further include various input units such as
a voice recognition sensor, a gesture recognition sensor, a
fingerprint sensor, an iris sensor, a depth sensor, a distance
sensor, etc.

[0135] The processor 420 may determine a size of the fetal
lung based on the boundary. The processor 420 may estimate
the fetal lung maturity by comparing the size of the fetal
lung with a standard value of the lung sizes of a plurality of
fetuses according to the gestation growth.

[0136] In addition, the ultrasound imaging apparatus 400
may further include a storage (not shown) and a communi-
cator (not shown). The storage (not shown) may correspond
to the memory 180 of FIG. 1, and the communicator (not
shown) may correspond to the communicator 170 of FIG. 1.
The storage (not shown) may store data regarding the
ultrasound images (e.g., ultrasound images, ultrasound data,
scanning data, diagnosis data of a patient, etc.) and data
transmitted to the ultrasound imaging apparatus 400 from an
external device. The data transmitted from the external
device may include information about a patient, data nec-
essary for diagnosing and treating the patient, previous
history of the patient, medical work list corresponding to
prescription for the patient, etc. The storage (not shown)
may store the parameter and the value of the parameter used
to estimate the fetal lung maturity. In addition, the storage
(not shown) may store standard values of a plurality of
fetuses for the parameters according to the gestation growth.
The storage (not shown) may store the estimated result of the
fetal lung maturity.

[0137] The communicator (not shown) may receive/trans-
mit the data from/to the external device. For example, the
communicator (not shown) may be connected to a wireless
probe or an external device via a communication network
according to Wi-Fi or Wi-Fi direct. In detail, a wireless
communication network the communicator may access may
include wireless LAN, Wi-Fi, Bluetooth, ZigBee, Wi-Fi
direct (WFD), ultra wideband (UWB), infrared data asso-
ciation (IrDA), Bluetooth low energy (BLE), and near field
communication (NFC), but is not limited thereto.

[0138] The ultrasound imaging apparatus 400 includes the
central processor for controlling all operations of the probe
410, the processor 420, the display 430, the user interface
440, the storage (not shown), and the communicator (not
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shown). The central processor may be implemented as an
array of a plurality of logic gates, or as a combination of a
universal microprocessor and a memory storing programs
that may be executed in the microprocessor. In addition, one
of ordinary skill in the art would appreciate that the central
processor may be implemented by other types of hardware.

[0139] Hereinafter, various operations or applications that
the ultrasound imaging apparatus 300 or 400 performs will
be described. Even when the probe 310 or 410, the processor
320 or 420, the display 330 or 430, the user interface 440,
the storage (not shown), and the communicator (not shown)
are not specifically described, features that would have been
understood or expected by one of ordinary skill in the art
may be regarded as their general features. The scope of the
present disclosure is not limited to a name or physical/
logical structure of a specific component.

[0140] FIG. 5 is a flowchart illustrating a method of
operating the ultrasound imaging apparatus 300, according
to an embodiment.

[0141] Hereinafter, operations of the ultrasound imaging
apparatus 300 may be applied to the ultrasound imaging
apparatus 400.

[0142] 1In operation S510 of FIG. 5, the ultrasound imag-
ing apparatus 300 obtains ultrasound data from the lungs of
a fetus, and obtains Doppler data based on the ultrasound
data.

[0143] In operation S520, the ultrasound imaging appara-
tus 300 may measure a value about at least one parameter
used to estimate the fetal lung maturity based on the Doppler
data. Here, the at least one parameter may be a parameter
related to an index of pulmonary blood flow of the fetus. For
example, the parameter may include an acceleration time
representing a time period from a reference time to a point
when the blood flow rate in the pulmonary trunk of the fetus
is the highest according to contraction of heart, and an
ejection time representing a time period from the reference
time to a point when the blood flow rate in the pulmonary
trunk of the fetus is changed according to relaxation of heart,
but is not limited thereto.

[0144] In operation S530, the ultrasound imaging appara-
tus 300 may estimate the fetal lung maturity by using the
measured value about the at least one parameter. In addition,
the ultrasound imaging apparatus 300 may determine safety
of the fetal lung maturity, based on at least one of the
estimated gestation of fetal lung maturity according to
gestation growth of the fetus and the index representing the
estimated gestation of the fetal lung maturity.

[0145] In operation S540, the ultrasound imaging appara-
tus 300 may display the estimated result of the lung maturity.
The ultrasound imaging apparatus 300 may display the
measured value about at least one parameter and the stan-
dard value about at least one parameter according to the
estimated gestation of lung maturity. In addition, the ultra-
sound imaging apparatus 300 may represent the Doppler
image obtained from ultrasound data and the estimated
gestation of lung maturity. The ultrasound imaging appara-
tus 300 may display actual gestation of lung maturity of the
fetus. The ultrasound imaging apparatus 300 may represent
the estimated gestation of lung maturity and the actual
gestation of lung maturity of the fetus on a graph to be
distinguished from each other. In addition, the ultrasound
imaging apparatus 300 may represent the safety result of the
fetal lung maturity.
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[0146] FIG. 6A is a diagram illustrating a Doppler image
obtained from a lung of a fetus, according to an embodiment.
[0147] Referring to FIG. 6A, the ultrasound imaging appa-
ratus 300 may receive ultrasound data from the lung of the
fetus, and may generate a Doppler image 610 based on the
ultrasound data. The ultrasound imaging apparatus 300 may
display the Doppler image 610 on the display screen.
[0148] Here, the Doppler image 610 may be at least one of
a color Doppler image, a power Doppler image, a tissue
Doppler image, a vector Doppler image, and a spectral
Doppler image, but is not limited thereto.

[0149] The ultrasound imaging apparatus 300 may gener-
ate the Doppler image by using a reflected echo signal after
transmitting an ultrasound wave to the fetus, or may receive
the Doppler image related to the lung of the fetus from an
external device that is physically separate from the ultra-
sound imaging apparatus 300. Here, the external device may
be an apparatus for obtaining, storing, processing, or using
data related to the ultrasound image, and may be a medical
imaging apparatus, a medical server, a portable terminal, or
all kinds of computing devices capable of using and pro-
cessing medical images. For example, the external device
may be a medical diagnosis apparatus provided in a medical
institute such as a hospital. In addition, the external device
may include a server for recording and storing previous
medical history of the patient in the hospital, a medical
imaging apparatus for a doctor to read the medical images,
etc.

[0150] FIG. 6B is a diagram illustrating Doppler data
related to a bloodstream in a lung of a fetus, according to
another embodiment.

[0151] The ultrasound imaging apparatus 300 may obtain
Doppler data from the Doppler image corresponding to the
lung of the fetus. Here, the Doppler data may be a Doppler
waveform 620 having periods and representing the blood
flow rate in the pulmonary trunk of the fetus.

[0152] Referring to the Doppler waveform 620 shown in
the graph of FIG. 6B, a first region 621 is a region of
Doppler data corresponding to the blood flow rate in the
pulmonary trunk according to the contraction of heart. A
second region 622 is a region of Doppler data corresponding
to the blood flow rate in the pulmonary trunk according to
the relaxation of heart.

[0153] FIG. 7A is a diagram illustrating an acceleration
time that is an example of a parameter. The ultrasound
imaging apparatus 300 may measure a value about at least
one parameter that is used to estimate the fetal lung maturity
based on the Doppler data. The Doppler data may be a
Doppler wave having periods and representing a blood flow
rate in the pulmonary trunk of the fetus. The at least one
parameter may include the acceleration time and the ejection
time. Here, the acceleration time is a time period from a
reference time point to a point when the blood flow rate in
the pulmonary trunk of the fetus is the highest according to
contraction of heart. In addition, the ejection time is a time
period from the reference time point to a point when the
blood flow rate in the pulmonary trunk of the fetus is
changed according to the relaxation of the heart.

[0154] Referring to the Doppler waveform shown in FIG.
7A, the ultrasound imaging apparatus 300 may detect a point
701 where the blood flow rate in the pulmonary trunk of the
fetus peaks within a first period of the Doppler waveform. In
addition, the ultrasound imaging apparatus 300 may detect
a point 702 where the blood flow rate in the pulmonary trunk



US 2019/0125294 Al

of the fetus peaks in a second period of the Doppler
waveform. The ultrasound imaging apparatus 300 may
detect a maximum distance 704 from a straight line 703 that
connects a time point 701-1 of the point 701 where the blood
flow rate peaks in the first period to the point 702 where the
blood flow rate peaks in the second period, to the Doppler
waveform. The ultrasound imaging apparatus 300 may
determine a time point at a point 705 where the straight line
of the maximum distance 704 and the Doppler waveform
meet, as a reference time point 705-1. The ultrasound
imaging apparatus 300 may determine a time period from
the reference time point 705-1 to a time point 702-1 at the
point 702 where the blood flow rate in the pulmonary trunk
of the fetus peaks in the second period, as an acceleration
time 710.

[0155] Here, one of ordinary skill in the art would appre-
ciate that the acceleration time 710 may be determined by
other methods than the above method.

[0156] FIG. 7B is a diagram illustrating an ejection time
that is another example of a parameter. The Doppler wave-
form of FIG. 7B is continuous from the Doppler waveform
of FIG. 7A. Referring to the Doppler waveform of FIG. 7B,
the ultrasound imaging apparatus 300 may detect a point 706
where the blood flow rate in the pulmonary trunk of the fetus
peaks in a third period of the Doppler waveform. The
ultrasound imaging apparatus 300 may detect a maximum
distance 708 from a straight line 707, the straight light 707
connecting the point 702 where the blood flow rate in the
pulmonary trunk of the fetus peaks in the second period to
a time point 706-1 at a point 706 where the blood flow rate
in the pulmonary trunk of the fetus peaks in the third period,
to the Doppler waveform. The ultrasound imaging apparatus
300 may detect a time point 709-1 at a point 709 where the
maximum distance 708 and the Doppler waveform meet.
Then, the ultrasound imaging apparatus 300 may determine
a time period from the reference time point 705-1 to the time
point 709-1 at the point 709 on the Doppler waveform, as the
ejection time 720.

[0157] Here, one of ordinary skill in the art would appre-
ciate that the ejection time 720 may be determined by other
methods than the above method.

[0158] FIG. 8 is a diagram illustrating data determining an
estimated lung maturity of a fetus based on the acceleration
time and the ejection tinie, according to an embodiment.
[0159] The ultrasound imaging apparatus 300 may esti-
mate the fetal lung maturity by using the measured value
about at least one parameter and a standard value of a
plurality of fetuses about the at least one parameter accord-
ing to the growth week number. As shown in a table 800 of
FIG. 8, the ultrasound imaging apparatus 300 may determine
the acceleration time and the ejection time based on the
blood flow rate according to time in the pulmonary trunk,
and may estimate the fetal lung maturity by using the
acceleration time and the ejection time.

[0160] In detail, a transverse axis of the table 800 denotes
a standard value of accelerations times obtained from a
plurality of fetuses, and a longitudinal axis denotes a stan-
dard value of the ejection times obtained from the plurality
of fetuses. Here, the standard value may be an average value
of the values obtained from the plurality of fetuses according
to the growth week number. Otherwise, the standard value
may be a representative value calculated statistically from
the values obtained from the plurality of fetuses according to
the growth week number. The ultrasound imaging apparatus
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300 compares the acceleration time and the ejection time
with the standard values, and may estimate the estimated
fetal lung maturity according to the comparison result.
[0161] As shown in the table 800, “24w2d£3d” denotes
the estimated gestation of fetal lung maturity corresponding
to 3 days before or after 24 weeks and 2 days. When the
acceleration time is measured as 110 and the ejection time is
measured as 220 from the Doppler data, the ultrasound
imaging apparatus 300 may determine “24w5d+3d” as the
estimated gestation of fetal lung maturity. One of ordinary
skill in the art would appreciate that the fetal lung maturity
may be estimated by using other ways than the above
described method.

[0162] FIG. 9A is a diagram of a screen representing a
result of lung maturity in the ultrasound imaging apparatus
300, according to an embodiment.

[0163] The ultrasound imaging apparatus 300 may display
at least one of the estimated gestation of fetal lung maturity
and an index representing the estimated fetal lung maturity
gestations on a display screen 910 of the ultrasound imaging
apparatus 300. The ultrasound imaging apparatus 300 may
display the estimated gestation of fetal lung maturity and the
index representing the estimated gestation of fetal lung
maturity with the Doppler image of the fetus.

[0164] Like in a screen 910 illustrated in FIG. 9A, the
ultrasound imaging apparatus 300 may represent the esti-
mated gestation of fetal lung maturity as “26w=3d”. In
addition, the ultrasound imaging apparatus 300 may repre-
sent the index of the estimated gestation of fetal lung
maturity as “0.85”. The index of the estimated gestation of
fetal lung maturity may be a ratio of the estimated gestation
of lung maturity with respect to actual gestation of fetal lung
maturity. In addition, the index of the estimated gestation of
fetal lung maturity may be calculated according to an
equation set in advance. The equation set in advance may be
set by using a parameter related to the pulmonary blood flow
index of the fetus. The parameter related to the pulmonary
blood flow index may include a PSV, an EDV, a TAMV, and
a TAPV, but is not limited thereto.

[0165] In addition, the index of the estimated gestation of
fetal lung maturity may be generated by combining the
above-mentioned parameters. In detail, the index of the
estimated gestation of fetal lung maturity may be a ratio
between the PSV and the EDV, as expressed by equations 3
and 4 illustrated with reference to FIG. 3.

[0166] In addition, the index of the estimated gestation of
fetal lung maturity may be generated based on a difference
between the PSV and the EDV. In detail, the index of the
estimated gestation of fetal lung maturity may be calculated
by the equation 5 and 6 described above with reference to
FIGS. 5 and 6.

[0167] FIG. 9B is a diagram of a screen representing a
result of lung maturity in the ultrasound imaging apparatus
300, according to another embodiment.

[0168] The ultrasound imaging apparatus 300 may display
the estimated gestation of fetal lung maturity, the index
representing the estimated gestation of fetal lung maturity,
and the actual gestation of fetal lung maturity on a display
screen 920 of the ultrasound imaging apparatus 300. In
addition, the ultrasound imaging apparatus 300 may display
a result 903 of the fetal lung maturity with a Doppler image
901 and a Doppler spectrum 902 of the fetus.

[0169] In detail, the fetal lung maturity result 902 may
include the estimated gestation of fetal lung maturity, the
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index representing the estimated gestation of fetal lung
maturity, and the actual gestation of fetal lung maturity, but
is not limited thereto.

[0170] In addition, the ultrasound imaging apparatus 300
may determine safety of the fetal lung maturity, based on at
least one of the estimated gestation of fetal lung maturity
according to gestational age, and the index representing the
estimated gestation of fetal lung maturity. The ultrasound
imaging apparatus 300 may display a result of evaluating the
safety of the fetal lung maturity on the screen.

[0171] In detail, as shown in FIG. 9B, the estimated
gestation of fetal lung maturity denotes “26w=3d” and the
actual gestation of fetal lung maturity is 27 weeks. Regard-
ing the lung maturity, it may be set to determine the lung
maturity being safe when the estimated gestation of the lung
maturity and the actual gestation of lung maturity differ from
each other by two weeks or less. Therefore, since the
difference between the estimated gestation of lung maturity
and the actual gestation of lung maturity is two weeks or
less, the ultrasound imaging apparatus 300 may determine
the fetal lung maturity being safe, and may display a “safe”
index 904 on the screen 920.

[0172] In addition, regarding the lung maturity, it may be
set to determine the lung maturity being safe when the index
of the estimated gestation of lung maturity has a value of
10% or less with respect to a reference value 1. Therefore,
as shown in FIG. 9B, since the index of the estimated
gestation of lung maturity is 0.96, the lung maturity may be
determined being safe. The ultrasound imaging apparatus
300 may display the “safe” index 904 on the screen 920 as
a result of evaluating safety of the lung maturity.

[0173] In addition, processes of determining whether the
lung maturity is safe or not may be set by using other
parameters than the above described parameter.

[0174] FIG. 9C is a diagram of a screen representing a
result of lung maturity in the ultrasound imaging apparatus
300, according to another embodiment.

[0175] The ultrasound imaging apparatus 300 may display
the result of estimated lung maturity on a screen 930 of the
display as a graph. The ultrasound imaging apparatus 300
may represent the estimated gestation of the fetal lung
maturity and the actual gestation of the fetus to be distin-
guished from each other on the graph.

[0176] In detail, as shown in FIG. 9C, a transverse axis
denotes gestation of the fetal lung maturity and a longitu-
dinal axis denotes a ratio of the acceleration time with
respect to the ejection time. One of ordinary skill in the art
would appreciate that the longitudinal axis may be set as an
index related to the fetal lung maturity rather than the ratio
of the acceleration time with respect to the ejection time.
[0177] The ultrasound imaging apparatus 300 may display
the indexes related to the lung maturity of a plurality of
fetuses on the graph (933, 934, and 935). The ultrasound
imaging apparatus 300 may represent a standard value
according to the gestation of lung maturity as a solid line 934
on the graph. Here, the standard value is a representative
value of the index related to the lung maturity of a plurality
of fetuses. In addition, the ultrasound imaging apparatus 300
may represent a range, in which the lung of the fetus may be
determined safe based on the standard value, as a solid line
933 and a solid line 935 on the graph.

[0178] In addition, the ultrasound imaging apparatus 300
may represent a current status of the fetus according to the
“estimated gestation of lung maturity” and “a ratio of the
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acceleration time with respect to the ejection time” as a
coordinate 932 on the graph. The ultrasound imaging appa-
ratus 300 may represent a normal status of the fetus accord-
ing to the actual gestation of the fetal lung maturity as a
coordinate 931 on the graph. The ultrasound imaging appa-
ratus 300 may represent the coordinate 931 and the coordi-
nate 932 in different shapes or different colors to be distin-
guished from each other.

[0179] When the coordinate 932 representing the current
status of the fetus does not exist between the solid line 933
and the solid line 935 based on the standard value 934, the
ultrasound imaging apparatus 300 may determine the fetal
lung maturity unsafe and may display information repre-
senting the unsafe condition on the screen. In addition, the
ultrasound imaging apparatus 300 may output the safety of
the fetal lung maturity as a voice.

[0180] In addition, the ultrasound imaging apparatus 300
may display information representing the estimated gesta-
tion of the fetal lung maturity and the actual gestation of
lung maturity on the display screen 930.

[0181] FIG. 10 is a flowchart illustrating a method of
operating the ultrasound imaging apparatus 400, according
to another embodiment.

[0182] In operation S515 of FIG. 10, the ultrasound imag-
ing apparatus 400 may receive at least one parameter used
to estimate fetal lung maturity. Here, the at least one
parameter may be a parameter related to an index of pul-
monary blood flow of the fetus. In detail, the parameter may
include an acceleration time and an ejection time. Descrip-
tions about the acceleration time and the ejection time are
omitted.

[0183] The ultrasound imaging apparatus 400 may esti-
mate the fetal lung maturity based on the received at least
one parameter. If a user inputs “acceleration time” and
“gjection time” via the user interface of the ultrasound
imaging apparatus 400 in order to estimate the fetal lung
maturity, the ultrasound imaging apparatus 400 may deter-
mine the “acceleration time” and the “ejection time” from
the Doppler data and may determine the fetal lung maturity
by using a value of the acceleration time and a value of the
ejection time.

[0184] In addition, if the user inputs a first parameter for
estimating the fetal lung maturity, the ultrasound imaging
apparatus 400 may output information of a second parameter
that is related to the first parameter and may be used together
with the first parameter in estimating the fetal lung maturity.
Here, the information about the second parameter may be
displayed on the screen or may be output as voice. In
addition, the ultrasound imaging apparatus 400 may display
an equation for estimating the fetal lung maturity by using
the first parameter on the screen.

[0185] As shown in FIG. 10, the ultrasound imaging
apparatus 400 may execute operation S510 illustrated in
FIG. 5, operation S515 illustrated in FIG. 10, and operation
8520 illustrated in FIG. 5. In addition, the ultrasound
imaging apparatus 400 may execute operation S515 in other
orders than the order illustrated in FIG. 10. In detail, after
executing operation S530 of FIG. 5, the ultrasound imaging
apparatus 400 additionally execute operation S515, and may
estimate the fetal lung maturity based on the input param-
eter.

[0186] FIG. 11 is a diagram illustrating processes of
estimating lung maturity of a fetus based on user input,
according to an embodiment.
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[0187] The ultrasound imaging apparatus 400 may receive
an input for setting a boundary of a fetal lung area from a
Doppler image 1100 obtained from ultrasound data. The
ultrasound imaging apparatus 400 may determine a size of
the fetal lung based on the boundary. The ultrasound imag-
ing apparatus 400 may compare the size of the fetal lung
with a standard value of a plurality of fetuses, and may
determine fetal lung maturity according to a comparison
result. Here, the standard value is a representative value of
lung sizes of a plurality of fetuses, according to the gesta-
tion. The standard value may be an average value of the lung
sizes of a plurality of fetuses according to the gestation, or
a value calculated statistically. One of ordinary skill in the
art would appreciate that the standard value may be set in
other ways than the above described method.

[0188] In addition, the ultrasound imaging apparatus 400
may determine an estimated gestation of fetal lung maturity
based on the size of the fetal lung, and may estimate the fetal
lung maturity after comparing the estimated gestation with
actual gestation of the fetal lung maturity. In addition, if the
size of the fetal lung may exceed a safe range based on the
standard value, the ultrasound imaging apparatus 400 may
display information notifying that the fetal lung is unsafe.
[0189] The user may input boundary setting of the fetal
lung area on the Doppler image of the fetus via a control
panel, a trackball, a mouse, a keyboard, etc., of the ultra-
sound imaging apparatus 400.

[0190] The ultrasound imaging apparatus 400 may receive
the input of boundary setting from a touch input of the user
via various input devices. In detail, the ultrasound imaging
apparatus 400 may receive the input of boundary setting of
the fetal lung area from a hand of the user, a physical tool,
a stylus pen 1101, etc.

[0191] As shown in FIG. 11, the user may indicate a
portion 1102 corresponding to a width of the fetal lung area
as a segment on the Doppler image 1100 by using a stylus
pen 1101. The ultrasound imaging apparatus 400 may cal-
culate a size of the fetal lung based on a width input by the
user. The ultrasound imaging apparatus 400 may compare
the size of the fetal lung and a standard value of the sizes of
lungs of a plurality of fetuses, and determine the estimated
gestation of the fetal lung maturity. The ultrasound imaging
apparatus 400 may estimate the fetal lung maturity based on
the estimated gestation of the fetal lung maturity and the
actual gestation of the fetal lung maturity.

[0192] FIG. 12 is a block diagram of an ultrasound imag-
ing apparatus 1200 according to an embodiment.

[0193] The ultrasound imaging apparatus 1200 may
include a probe 1210, a processor 1220, and a display 1230.
However, not all the elements in FIG. 12 are essential
elements. The ultrasound imaging apparatus 1200 may
include more or less elements than the elements shown in
FIG. 12. Hereinafter, the elements will be described below.
[0194] Detailed descriptions about the probe 1210
described above with reference to FIG. 3 are omitted. The
probe 1210 receives ultrasound data from an object.
[0195] The processor 1220 may obtain a Doppler image of
the object based on the ultrasound data. The Doppler image
may be at least one of a color Doppler image, a power
Doppler image, a tissue Doppler image, a vector Doppler
image, and a spectral Doppler image, but is not limited
thereto.

[0196] The processor 1220 sets a region of interest in the
object within the Doppler image, and may obtain the Dop-
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pler data corresponding to motion having periodicity of the
object from the region of interest for a plurality of first
sample periods. Here, the object may be the heart, but is not
limited thereto.

[0197] The processor 1220 may obtain an actual period of
the motion of the object based on a frequency analysis of the
Doppler data. Here, the processor 1220 may obtain the
actual period of the motion of the object by applying a Fast
Fourier Transform to the Doppler data. The processor 1220
may rearrange the Doppler data based on the actual period.
In detail, the processor 1220 may arrange the Doppler data
corresponding to an actual first period of the object. The
processor 1220 may arrange Doppler data corresponding to
an actual second period of the object to overlap with the
Doppler data corresponding to the actual first period. The
processor 1220 may arrange Doppler data corresponding to
an actual third period of the object to overlap with the
Doppler data corresponding to the actual first period.
[0198] The processor 1220 may obtain Doppler data cor-
responding to the motion having periodicity of the object for
a plurality of second sample periods. The processor 1220
may rearrange the Doppler data obtained for the plurality of
first sample periods and the Doppler data obtained for the
plurality of second sample periods, based on actual periods.
[0199] TIfthe actual period of the motion of the object is in
a multiple relation with the first sample period, the processor
1220 may set the second sample period that is not in multiple
relation with the actual period. The processor 1220 may
obtain the Doppler data corresponding to the motion of the
object from the region of interest for the plurality of second
sample periods. The processor 1220 may rearrange the
Doppler data that is obtained for the plurality of second
sample periods based on the actual period.

[0200] In addition, the processor 1220 may obtain the
Doppler data by delaying a predetermined time period
between the plurality of periods.

[0201] The display 1230 displays a predetermined screen.
In detail, the display 1230 displays a predetermined screen
according to control of the processor 1220. The display 1230
includes a display panel, and may display a medical image,
etc. on the display panel.

[0202] The display 1230 may display the Doppler image.
Modes for providing the Doppler image may include a
Brightness mode (B-mode) for providing B-mode images, a
color Doppler mode (C-mode) or a power Doppler mode
(P-mode) for providing color flow images, and a Doppler
mode (D-mode) for providing a Doppler spectrum, and the
ultrasound imaging apparatus 1200 may display the Doppler
image on the screen of the display 120 according to one of
the plurality of modes.

[0203] In addition, the display 1230 may display rear-
ranged Doppler data.

[0204] The ultrasound imaging apparatus 1200 includes a
central processor that controls all operations of the probe
1210, the processor 1220, and the display 1230. The central
processor may be implemented as an array of a plurality of
logic gates, or as a combination of a universal microproces-
sor and a memory storing programs that may be executed in
the microprocessor. In addition, one of ordinary skill in the
art would appreciate that the central processor may be
implemented by other types of hardware.

[0205] FIG. 13 is a block diagram of an ultrasound imag-
ing apparatus 1300 according to another embodiment.
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[0206] The ultrasound imaging apparatus 1300 may
include a probe 1310, a processor 1320, a display 1330, and
a user interface 1340.

[0207] InFIG. 13, the probe 1310, the processor 1320, and
the display 1330 of the ultrasound imaging apparatus 1300
respectively correspond to the probe 1210, the processor
1220, and the display 1230 of the ultrasound imaging
apparatus 1200 illustrated with reference to FIG. 12, and
thus, detailed descriptions thereof are omitted. The ultra-
sound imaging apparatus 1300 may include more or less
elements than the elements shown in FIG. 13. Hereinafter,
the elements will be described below.

[0208] The user interface 1340 is an apparatus for receiv-
ing data for controlling the ultrasound imaging apparatus
1300 from a user. The processor 1320 may control the
display 1330 to generate and output a user interface 1340
screen for receiving a predetermined command or data from
the user. The display 1330 may display a screen for receiving
an input of setting a region of interest in the object, on the
display panel.

[0209] The user interface 1340 may receive a user input
for setting the region of interest in the object, within the
Doppler image. The processor 1320 may obtain Doppler
data corresponding to motion having periodicity of the
object based on the user input.

[0210] Here, the user interface 1340 may include hard-
ware such as a keypad, a mouse, a touch panel, a touch
screen, a track ball, a jog switch, etc., but is not limited
thereto. In addition, the user interface 1340 may further
include various input units such as a voice recognition
sensor, a gesture recognition sensor, a fingerprint sensor, an
iris sensor, a depth sensor, a distance sensor, etc.

[0211] In addition, the ultrasound imaging apparatus 1300
may further include a storage (not shown) and a communi-
cator (not shown). The storage (not shown) may correspond
to the memory 180 of FIG. 1, and the communicator (not
shown) may correspond to the communicator 170 of FIG. 1.
The storage (not shown) may store data regarding the
ultrasound images (e.g., ultrasound images, ultrasound data,
scanning data, diagnosis data of a patient, etc.) and data
transmitted to the ultrasound imaging apparatus 1300 from
an external device. The data transmitted from the external
device may include information about a patient, data nec-
essary for diagnosing and treating the patient, previous
history of the patient, medical work list corresponding to
prescription for the patient, etc.

[0212] The storage (not shown) may store rearranged
Doppler data. In detail, the storage may store “a result of
arranging Doppler data corresponding to the actual first
period of the object,” “a result of arranging Doppler data
corresponding to the actual second period of the object to
overlap with Doppler data corresponding to the actual first
period,” and “a result of arranging Doppler data correspond-
ing to the actual third period of the object to overlap with
Doppler data corresponding to the actual first period”.
[0213] In addition, the storage (not shown) may respec-
tively store the Doppler data obtained for the plurality of first
sample periods and the Doppler data obtained for the
plurality of second sample periods, from the Doppler image.
[0214] The communicator (not shown) may receive the
Doppler image of the object and the Doppler data of the
object from an external device, and/or may transmit the
Doppler image of the object, the Doppler data of the object,
and rearranged Doppler data to the external device. For
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example, the communicator (not shown) may be connected
to a wireless probe or an external device via a communica-
tion network according to Wi-Fi or Wi-Fi direct.

[0215] In detail, a wireless communication network the
communicator may access may include wireless LAN, Wi-
Fi, Bluetooth, ZigBee, Wi-Fi direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC), but is
not limited thereto.

[0216] The ultrasound imaging apparatus 1300 includes
the central processor for controlling all operations of the
probe 1310, the processor 1320, the display 1330, the user
interface 1340, the storage (not shown), and the communi-
cator (not shown). The central processor may be imple-
mented as an array of a plurality of logic gates, or as a
combination of a universal microprocessor and a memory
storing programs that may be executed in the microproces-
sor. In addition, one of ordinary skill in the art would
appreciate that the central processor may be implemented by
other types of hardware.

[0217] Hereinafter, various operations or applications that
the ultrasound imaging apparatus 1200 or 1300 performs
will be described. Even when the probe 1210 or 1310, the
processor 1220 or 1320, the display 1230 or 1330, the user
interface 1340, the storage (not shown), and the communi-
cator (not shown) are not specifically described, features that
would have been understood or expected by one of ordinary
skill in the art may be regarded as their general features. The
scope of the present disclosure is not limited to a name or
physical/logical structure of a specific component.

[0218] FIG. 14 is a flowchart illustrating a method of
operating the ultrasound imaging apparatus 1200, according
to an embodiment.

[0219] Hereinafter, operations of the ultrasound imaging
apparatus 1200 may be applied to the ultrasound imaging
apparatus 1300.

[0220] In operation S1410 of FIG. 14, the ultrasound
imaging apparatus 1200 may receive ultrasound data from
the object, and may obtain a Doppler image of the object
based on the ultrasound data. Here, the object may be the
heart, but is not limited thereto. In addition, the Doppler
image may be at least one of a color Doppler image, a power
Doppler image, a tissue Doppler image, a vector Doppler
image, and a spectral Doppler image, but is not limited
thereto.

[0221] In operation S1420, the ultrasound imaging appa-
ratus 1200 sets a region of interest of the object in the
Doppler image, and may obtain Doppler data corresponding
to motion having periodicity of the object from the region of
interest. The ultrasound imaging apparatus 1200 may obtain
the Doppler data for a plurality of first sample periods. In
addition, the ultrasound imaging apparatus 1200 may obtain
Doppler data for a plurality of second sample periods from
the region of interest, wherein the second sample period is
different from the first sample period.

[0222] In addition, the ultrasound imaging apparatus 1200
may obtain the Doppler data by delaying a predetermined
time period among the plurality of periods, while obtaining
the Doppler data for the plurality of first sample periods. In
detail, the ultrasound imaging apparatus 1200 obtains the
Doppler data of a first period by the first sample period, and
after a first delay time has passed, and obtains the Doppler
data of a second period by the first sample period. After that,
the ultrasound imaging apparatus 1200 may obtain the
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Doppler data of a third period by the first sample period,
after the first delay time has passed. The ultrasound imaging
apparatus 1200 may obtain the Doppler data for the plurality
of periods in the above-described way.

[0223] In operation S1530, the ultrasound imaging appa-
ratus 1200 may obtain the actual period of the motion of
object, based on a frequency analysis of the Doppler data.
The ultrasound imaging apparatus 1200 may obtain the
actual period of the object’s motion by applying a Fast
Fourier Transform to the Doppler data. The ultrasound
imaging apparatus 1200 may obtain the actual period of the
object’s motion in other ways than the above Fast Fourier
Transform. In addition, the ultrasound imaging apparatus
1200 may receive the actual period of the object’s motion
from an external device. Here, the external device may be an
apparatus for obtaining, storing, processing, or using data
related to the ultrasound image, and may be a medical
imaging apparatus, a medical server, a portable terminal, or
all kinds of computing devices capable of using and pro-
cessing medical images. For example, the external device
may be a medical diagnosis apparatus provided in a medical
institute such as a hospital. In addition, the external device
may include a server for recording and storing previous
medical history of the patient in the hospital, a medical
imaging apparatus for a doctor to read the medical images,
etc.

[0224] In addition, when the actual period of the object’s
motion is in multiple relation with the first sample period,
the ultrasound imaging apparatus 1200 sets the second
sample period that is not in the multiple relation with the
actual period, and may obtain the Doppler data for the
plurality of second sample periods from the region of
interest in the object.

[0225] 1In operation S1540, the ultrasound imaging appa-
ratus 1200 may rearrange the Doppler data based on the
actual period. The ultrasound imaging apparatus 1200 may
display the rearranged Doppler data on the display screen.
[0226] Regarding the rearrangement of the Doppler data,
the ultrasound imaging apparatus 1200 may arrange the
Doppler data corresponding to the actual first period of the
object. The ultrasound imaging apparatus 1200 may arrange
the Doppler data corresponding to an actual second period of
the object to overlap with the Doppler data corresponding to
the actual first period. The ultrasound imaging apparatus
1200 may arrange the Doppler data corresponding to an
actual third period of the object to overlap with the Doppler
data corresponding to the actual first period.

[0227] In addition, the ultrasound imaging apparatus 1200
may rearrange the Doppler data that is obtained for the
plurality of first sample periods and the Doppler data that is
obtained for the plurality of second sample periods, based on
the actual period. In detail, the ultrasound imaging apparatus
1200 may obtain first Doppler data by arranging the Doppler
data obtained in the first sample period of the object and the
Doppler data obtained in the second sample period of the
object, according to the actual first period.

[0228] The ultrasound imaging apparatus 1200 may obtain
second Doppler data by arranging the Doppler data obtained
in the first sample period and the Doppler data obtained in
the second sample period after the actual first period until the
actual second period in a temporal manner, to overlap with
the first Doppler data. Likewise, the ultrasound imaging
apparatus 1200 may obtain third Doppler data by arranging
the Doppler data obtained in the first sample period and the
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Doppler data obtained in the second sample period after the
actual second period until the actual third period in a
temporal manner, to overlap with the first Doppler data.
Finally, the ultrasound imaging apparatus 1200 may display
the third Doppler data.

[0229] FIG. 15 is a diagram illustrating processes of
ensuring temporal resolution of Doppler data that is neces-
sary for diagnosing an object by using a Doppler image,
according to an embodiment.

[0230] The ultrasound imaging apparatus 1200 generates
an ultrasound image by using ultrasound data. The ultra-
sound imaging apparatus 1200 may provide the ultrasound
image according to at least one of the B-mode for providing
the B-mode image, the C-mode or the P-mode for providing
a color flow image, and the D-mode for providing the
Doppler spectrum.

[0231] As shown in an image 1510 of FIG. 15, the
ultrasound imaging apparatus 1300 may display the ultra-
sound image in the C-mode for providing the color flow
image. Here, the color flow image may include a color
Doppler image and a power Doppler image. In addition, the
ultrasound imaging apparatus 1300 may display the color
Doppler image, and may receive a user input for setting a
region of interest in the color Doppler image. Here, the
ultrasound imaging apparatus 1300 may receive the user
input via a touch input. The ultrasound imaging apparatus
1300 may include a touch sensor or a proximity sensor for
sensing the touch input. For example, the touch sensor may
be a type of a touch film, a touch sheet, a touch pad, etc. The
ultrasound imaging apparatus 1300 may receive a signal for
setting the region of interest according to the touch input of
the user via various input tools. In detail, the ultrasound
imaging apparatus 1300 may receive the signal for setting
the region of interest in the object via a hand of the user, a
physical tool, a stylus pen, etc.

[0232] Referring to an image 1520 of FIG. 15, the ultra-
sound imaging apparatus 1200 or 1300 may obtain the
Doppler data corresponding to the motion having periodicity
of the object from the region of interest on the color Doppler
image. The ultrasound imaging apparatus 1200 or 1300 may
obtain the Doppler data of the plurality of first sample
periods at the same location on the color Doppler image. As
shown in the image 1520, the Doppler data obtained from
the color Doppler image has frequent occurrence of discon-
tinued points, and may have a low temporal resolution. In
order to diagnose the object precisely, the ultrasound imag-
ing apparatus 1200 or 1300 needs to provide accurate
Doppler data by improving the temporal resolution of the
Doppler data.

[0233] Referring to an image 1530 of FIG. 15, the ultra-
sound imaging apparatus 1200 or 1300 may obtain an actual
period of the object’s motion based on the Doppler data. The
ultrasound imaging apparatus 1200 or 1300 may rearrange
the Doppler data obtained for the plurality of first sample
periods, based on the actual period. The method of rear-
ranging the Doppler data will be described with reference to
FIGS. 16A, 16B, 17A, and 17B. The ultrasound imaging
apparatus 1200 or 1300 may display the rearranged data on
the display screen. As shown in the image 1530, the rear-
ranged Doppler data has a lower frequency of the discon-
tinued points and higher temporal resolution than those of
the Doppler data of the image 1520.
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[0234] FIG. 16A is a diagram illustrating processes of
obtaining Doppler data according to a first sample period,
according to an embodiment.

[0235] The ultrasound imaging apparatus 1200 transmits
ultrasound waves to the heart of a fetus, and obtains a
Doppler image from a reflected signal. The ultrasound
imaging apparatus 1200 may obtain Doppler data related to
heartbeat of the fetus from the Doppler image.

[0236] It is assumed that the heartbeat of the fetus is 140
BPM. That is, one period of the heartbeat of the fetus is
428.5 ms. The ultrasound imaging apparatus 1200 may
obtain Doppler data for a plurality of first sample periods
1603 during an actual first period 1601 and an actual second
period 1602 of the heartbeat of the fetus. As shown in a
graph 1610 of FIG. 16A, the Doppler data obtained accord-
ing to the first sample period 1603 during the actual first
period 1601 is represented as X, and the Doppler data
obtained according to the first sample period 1603 during the
actual second period 1602 is represented as 0.

[0237] FIG. 16B is a diagram illustrating rearranging of
obtained Doppler data, according to an embodiment.
[0238] Referring to a graph 1620 of FIG. The ultrasound
imaging apparatus 1200 may obtain second Doppler data by
overlapping the Doppler data sampled in the first sample
period 1603 during the actual second period 1602 of the
heartbeat of the fetus with the first Doppler data.

[0239] Referring to an image 1630 of FIG. 16B, the
Doppler data obtained by overlapping the Doppler data
sampled in the first sample period 1603 during the actual
first period 1601 of the heartbeat of the fetus with the
Doppler data sampled in the first sample period 1603 during
the actual second period 1602 of the heartbeat of the fetus
may include more information about the heartbeat of the
fetus than that of the Doppler data sampled in the first
sample period 1603 during the actual first period 1601.
[0240] As shown in the image 1630 of FIG. 16B, the
Doppler data obtained by the ultrasound imaging apparatus
1200 according to the first sample period 1603 before 80 ms
from rearranging the Doppler data is only the Doppler data
1632 sampled at 40 ms. However, as a result of rearranging
the Doppler data, which is sampled according to the first
sample period 1603 during the actual second period of the
heartbeat of the fetus, according to the actual first period
1601, the Doppler data obtained by the ultrasound imaging
apparatus 1200 before 80 ms may increase to three pieces
1631, 1632, and 1633. Therefore, the ultrasound imaging
apparatus 1200 may obtain more pieces of information about
the heartbeat of the fetus during the same time, thereby
improving a temporal accuracy.

[0241] Although the method of rearranging the Doppler
data according to the first sample period during the actual
first and second periods of the heartbeat of the fetus is
described with reference to FIGS. 16A and 16B, Doppler
data of the heartbeat of the fetus may be provided more
accurately by the ultrasound imaging apparatus 1200, pro-
vided that the Doppler data is obtained during actual three or
more periods and rearranged.

[0242] In addition, when the period of the heartbeat of the
fetus is 400 ms and the first sample period is 40 ms, the
actual period of the heartbeat of the fetus and the first sample
period are in a multiple relation with each other. In this case,
when the Doppler data obtained according to the first sample
period during the actual first and second periods is rear-
ranged according to the actual first period, the Doppler data
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obtained according to the first sample period during the
actual second period becomes equal to the Doppler data
obtained according to the first sample period during the
actual first period. Therefore, the ultrasound imaging appa-
ratus 1200 may set the second sample period that is not in
the multiple relation with the actual period. The ultrasound
imaging apparatus 1200 obtains the Doppler data for the
plurality of second sample periods, and may rearrange the
obtained Doppler data based on the actual period.

[0243] FIG. 17A is a diagram illustrating processes of
obtaining Doppler data according to a first sample period,
according to another embodiment.

[0244] Referring to an image 1710 of FIG. 17A, the
ultrasound imaging apparatus 1200 may obtain the Doppler
data according to a first sample period 1704 during an actual
first period 1701 of the heartbeat of the fetus. After obtaining
the Doppler data in the first sample period 1704 during the
actual first period 1701 of the heartbeat, the ultrasound
imaging apparatus 1200 may delay a predetermined time
period to obtain the Doppler data according to the first
sample period 1704 during an actual second period 1702. In
addition, after obtaining the Doppler data in the first sample
period 1704 during the actual second period 1702 of the
heartbeat, the ultrasound imaging apparatus 1200 may delay
for a predetermined time period to obtain the Doppler data
in the first sample period 1704 during an actual third period
1703.

[0245] FIG. 17B is a diagram illustrating rearranging of
obtained Doppler data, according to another embodiment.
[0246] According to an image 1720 of FIG. 17B, the
ultrasound imaging apparatus 1200 may rearrange the Dop-
pler data sampled in the first sample period 1704 during the
actual first period 1701 of the heartbeat of the fetus, the
Doppler data sampled in the first sample period 1704 during
the actual second period 1702 of the heartbeat of the fetus
after delaying a predetermined time period, and the Doppler
data sampled in the third sample period 1704 during the
actual third period 1703 of the heartbeat of the fetus after
delaying a predetermined time period, to ovetlap with one
another within the actual first period 1701. The Doppler data
obtained through overlapping may include more pieces of
information about the heartbeat of the fetus than in the
Doppler data sampled in the first sample period 1704 during
the actual first period 1701.

[0247] Although the method of rearranging the Doppler
data obtained according to the first sample period during the
actual three periods of the heartbeat of the fetus is described
with reference to FIGS. 17A and 17B, the ultrasound imag-
ing apparatus 1200 may provide accurate Doppler data of
the heartbeat of the fetus by obtaining the Doppler data for
actual four or more periods and rearranging the Doppler
data.

[0248] FIG. 18A is a diagram of Doppler data obtained
according to a low sample rate, according to an embodiment.
[0249] The ultrasound imaging apparatus 1200 may esti-
mate fetal lung maturity by using the Doppler data. The
ultrasound imaging apparatus 1200 measures values of
parameters related to pulmonary blood flow index of the
fetus from the Doppler data, and may estimate the fetal lung
maturity based on the values of the parameters.

[0250] Here, the parameter may include an acceleration
time representing a time period from a reference time to a
point when the blood flow rate in the pulmonary trunk of the
fetus is the highest according to contraction of heart, and an
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ejection time representing a time period from the reference
time to a point when the blood flow rate in the pulmonary
trunk of'the fetus is changed according to relaxation of heart.
The ultrasound imaging apparatus 1200 may estimate the
fetal lung maturity based on a ratio of the acceleration time
with respect to the ejection time.

[0251] As shown in a graph 1810 of FIG. 18A, in a case
where a color Doppler image is used to measure a value
about the acceleration time and a value about the ejection
time, the ultrasound imaging apparatus 1200 may not iden-
tify an exact location of an inflection point in the Doppler
data because the temporal resolution of the color Doppler
image is low. Therefore, the ultrasound imaging apparatus
1200 may obtain the values about the acceleration time and
the ejection time according to a first inflection point (1801),
and may obtain values about the acceleration time and the
ejection time according to a second inflection point (1802).
[0252] FIG. 18B is a diagram of Doppler data obtained by
re-sampling Doppler data obtained according to a low
sample rate, according to an embodiment.

[0253] The ultrasound imaging apparatus 1200 may obtain
Doppler data having high temporal resolution by obtaining
the Doppler data of the object for a plurality of sample
periods and rearranging the Doppler data according to an
actual period of the object.

[0254] As shown in a graph 1820 of FIG. 18B, the
ultrasound imaging apparatus 1200 may accurately identify
location of an inflection point in the Doppler data, and may
obtain a value 1803 of the acceleration time and a value
1804 of the ejection time.

[0255] The above-described ultrasound imaging apparatus
may be implemented by using a hardware component, a
software component, and/or a combination of a hardware
component and a software component. For example, the
apparatus and the component described in the exemplary
embodiments may be implemented by using one or more
general-purpose computers or a special-purpose computers
such as, for example, a processor, a controller, an arithmetic
logic unit (ALU). a digital signal processor, a microcom-
puter, a field programmable array (FPA), a programmable
logic unit (PLU), a microprocessor, or any device that may
execute an instruction and respond thereto.

[0256] A processor may execute an operating system (OS)
and one or more software applications executed on the OS.
Also, the processor may access, store, manipulate, process,
and generate data in response to execution of software.
[0257] For convenience of understanding, though descrip-
tion has been made to the case where one processor is used,
a person of ordinary skill in the art will understand that the
processor may include a plurality of processing elements
and/or processing elements having a plurality of types. For
example, the processor may include a plurality of proces-
sors, or one processor and one controller. Also, the processor
may include a different processing configuration such as a
parallel processor.

[0258] Software may include a computer program, a code,
an instruction, or a combination of one or more of these, and
configure the processor to operate as desired, or instruct the
processor independently or collectively.

[0259] Software and/or data may be embodied perma-
nently or temporarily in a certain type of a machine, a
component, a physical device, virtual equipment, a com-
puter storage medium or device, or a transmitted signal wave
in order to allow the processor to analyze the software and/or
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data, or to provide an instruction or data to the processor.
Software may be distributed on a computer system con-
nected via a network, and stored and executed in a distrib-
uted fashion. Software and data may be stored in one or
more non-transitory computer-readable recording media.
[0260] The methods according to exemplary embodiments
may be embodied in the form of program commands execut-
able through various computer means, which may be
recorded on a non-transitory computer-readable recording
medium. The non-transitory computer-readable recording
medium may include program commands, data files, and
data structures either alone or in combination. The program
commands recorded on the non-transitory computer-read-
able recording medium may be those that are especially
designed and configured for the inventive concept. or may
be those that are known and available to computer program-
mers skilled in the art.
[0261] Examples of the non-transitory computer-readable
recording medium include magnetic recording media such
as hard disks, floppy disks, and magnetic tapes. optical
recording media such as CD-ROMs and DVDs, magneto-
optical recording media such as floptical disks, and hard-
ware devices such as ROMs, RAMs, and flash memories
that are especially configured to store and execute program
commands.
[0262] Examples of the program commands include
machine language codes that may be generated by a com-
piler, and high-level language codes that may be executed by
a computer by using an interpreter.
[0263] The above hardware device may be configured to
operate as one or more software modules in order to perform
an operation of an exemplary embodiment, and vice versa.
Though the exemplary embodiments have been described by
a limited number of exemplary embodiments and drawings,
a person of ordinary skill in the art will make various
modifications and changes from the above exemplary
embodiments. For example, even when the described tech-
nologies are performed in an order different from the
described method and/or components such as the described
system, structure, apparatus, and circuit are coupled or
combined in a form different from the described method, or
replaced by other components or equivalents thereof, a
proper result may be accomplished.
[0264] Therefore, the scope of the inventive concept
should not be limited and determined by the described
exemplary embodiments, but should be determined by not
only the following claims but also equivalents thereof.
[0265] 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.
[0266] 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 of the inventive concept as defined
by the following claims.

1. An ultrasound imaging apparatus comprising:

a probe configured to receive ultrasound data from a lung

of a fetus;
a processor configured to obtain Doppler data based on
the ultrasound data, to measure a value about at least
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one parameter used to estimate lung maturity of the
fetus, and to estimate the fetal lung maturity by using
the measured value about at least one parameter; and

a display configured to display a result of estimated lung

maturity.

2. The ultrasound imaging apparatus of claim 1, wherein
the at least one parameter is a parameter related to a
pulmonary blood flow index of the fetus.

3. The ultrasound imaging apparatus of claim 2, wherein
the at least one parameter comprises:

an acceleration time representing a time period from a

reference time point to a point when a blood flow rate
in the pulmonary trunk of the fetus according to con-
traction of the heart of the fetus; and

an ejection time representing a time period from the

reference time point to a point when the blood flow rate
in the pulmonary trunk of the fetus according to relax-
ation of the heart of the fetus,

wherein the processor automatically calculates values

about the acceleration time and the ejection time based
on the Doppler data to estimate the fetal lung maturity.

4. The ultrasound imaging apparatus of claim 1, wherein
the Doppler data is a Doppler waveform having periods and
representing the blood flow rate in the pulmonary trunk of
the fetus.

5. The ultrasound imaging apparatus of claim 1, wherein
the processor estimates the fetal lung maturity by using the
measured value about at least one parameter and a standard
value about the at least one parameter of a plurality of
fetuses according to gestation growth.

6. The ultrasound imaging apparatus of claim 5, wherein
the processor compares the measured value about the at least
one parameter with the standard value, and estimates ges-
tation of the fetal lung maturity according to a comparison
result.

7. The ultrasound imaging apparatus of claim 1, wherein
the display displays at least one of the estimated gestation of
the fetal lung maturity and an index representing the esti-
mated gestation of the fetal lung maturity.

8. The ultrasound imaging apparatus of claim 7, wherein
the display displays the measured value about the at least
one parameter and the standard value of the at least one
parameter according to the estimated gestation of the fetal
lung maturity.

9. The ultrasound imaging apparatus of claim 7, wherein
the processor determines safety of the fetal lung maturity
based on at least one of the estimated gestation of the fetal
lung maturity according to the gestation growth of the fetus
and the index representing the estimated gestation of the
fetal lung maturity, and the display displays a result of
determination of the safety of the fetal lung maturity.
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10. The ultrasound imaging apparatus of claim 1, further
comprising a user interface configured to receive the at least
one parameter used to estimate the fetal lung maturity,
wherein the processor estimates the fetal lung maturity
based on the input at least one parameter.

11. An ultrasound imaging apparatus comprising:

a probe configured to receive ultrasound data from an

object;

a processor configured to obtain Doppler data of the
object based on the ultrasound data, to set a region of
interest of the object in the Doppler image, to obtain
Doppler data corresponding to motion having period-
icity of the object from the region of interest for a
plurality of first sample periods, to obtain an actual
period of the motion of the object, and rearrange the
Doppler data based on the actual period; and

a display configured to display the Doppler image.

12. The ultrasound imaging apparatus of claim 11,
wherein the processor arranges the Doppler image corre-
sponding to an actual first period of the object, arranges
Doppler data corresponding to an actual second period of the
object to overlap with the Doppler data corresponding to the
actual first period, and arranges Doppler data corresponding
to an actual third period of the object to overlap with the
Doppler data corresponding to the actual first period.

13. The ultrasound imaging apparatus of claim 11,
wherein the processor obtains Doppler data corresponding to
the motion having periodicity of the object for a plurality of
second sample periods, and rearranges the Doppler data
obtained for the plurality of first sample periods and the
Doppler data obtained for the plurality of second sample
periods, based on the actual period.

14. The ultrasound imaging apparatus of claim 11,
wherein, if the actual period is in a multiple relation with the
first sample period, the processor sets a second sample
period that is not in a multiple relation with the actual period,
obtains Doppler data corresponding to the motion of the
object from the region of interest for a plurality of second
sample periods, and rearranges the Doppler data obtained for
the plurality of second sample periods based on the actual
period.

15. The ultrasound imaging apparatus of claim 11, further
comprising a user interface configured to receive a user
input for setting the region of interest of the object in the
Doppler image,

wherein the processor obtains Doppler data correspond-

ing to the motion having periodicity of the object based
on the user input.
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