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(57) ABSTRACT

A method of operating an ultrasound diagnosis apparatus
includes: obtaining a three-dimensional (3D) ultrasound
image including an ovarian region; detecting, based on at
least one parameter used for extracting a particular oocyte,
a plurality of candidate ovarian follicles from which mature
oocytes are more likely to be extracted in the 3D ultrasound
image; registering a two-dimensional (2D) ultrasound image
corresponding to a first cross-section of the ovarian region to
the 3D ultrasound image; and guiding, based on a result of
the registering, a position of at least one candidate ovarian
follicle from which an oocyte is to be extracted in the 2D
ultrasound image.
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FIG. 8

() : CANDIDATE FOLLICLE FROM
WHICH OOCYTE IS TO BE EXTRACTED

@) : CANDIDATE FOLLICLE FROM WHICH
OOCYTE HAS BEEN EXTRACTED




Patent Application Publication  Jul. 2,2020 Sheet 9 of 13 US 2020/0205785 A1

FIG. 9

905 903




Patent Application Publication  Jul. 2,2020 Sheet 10 of 13  US 2020/0205785 A1

FIG. 10

(D : CANDIDATE FOLLICLE FROM
WHICH OOCYTE IS TO BE EXTRACTED

@) : CANDIDATE FOLLICLE FROM WHICH
OOCYTE HAS BEEN EXTRAGTED

1001

1002

/
1004



Patent Application Publication  Jul. 2,2020 Sheet 11 of 13 US 2020/0205785 A1

O

2
—{
e

O

i g’

U —
|
=




Patent Application Publication  Jul. 2,2020 Sheet 12 of 13  US 2020/0205785 A1

FIG. 12

1210 1220




Patent Application Publication  Jul. 2,2020 Sheet 13 of 13  US 2020/0205785 A1

FIG. 13

//1310 1350

PROBE

1320
OOCYTE EXTRACTOR
PROCESSOR

1330

DISPLAY

1340

MEMORY




US 2020/0205785 Al

ULTRASOUND DIAGNOSIS APPARATUS
AND METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2018-0170877, filed on Dec. 27, 2018, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

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

2. Description of Related Art

[0003] Ultrasound diagnosis apparatuses transmit, to an
object, ultrasound signals generated by transducers of a
probe and detect information about signals reflected from
the object, thereby obtaining at least one image of an internal
part, for example, soft tissue or blood flow, of the object.

SUMMARY

[0004] Provided are ultrasound diagnosis apparatuses and
methods whereby when an oocyte is extracted from an
ovarian follicle, follicles where oocytes have been extracted
may be easily distinguished from follicles where oocytes
have not been extracted, thereby allowing a user to accu-
rately and promptly perform an oocyte extraction procedure.
[0005] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0006] In accordance with an aspect of the disclosure, a
method of operating an ultrasound diagnosis apparatus
includes: obtaining a three-dimensional (3D) ultrasound
image including an ovarian region; detecting, based on at
least one parameter used for extracting a particular oocyte,
a plurality of candidate ovarian follicles from which mature
oocytes are more likely to be extracted in the 3D ultrasound
image; registering a two-dimensional (2D) ultrasound image
corresponding to a first cross-section of the ovarian region to
the 3D ultrasound image; and guiding, based on a result of
the registering, a position of at least one candidate ovarian
follicle from which an oocyte is to be extracted in the 2D
ultrasound image.

[0007] In accordance with another aspect of the disclo-
sure, an ultrasound diagnosis apparatus includes: a probe
configured to transmit ultrasound signals to an ovarian
region of an object and receive echo signals reflected from
the ovarian region; a processor configured to obtain a 3D
ultrasound image including the ovarian region based on the
echo signals, detect, based on at least one parameter used for
extracting a particular oocyte, a plurality of candidate ovar-
ian follicles from which mature oocytes are more likely to be
extracted in the 3D ultrasound image, register a 2D ultra-
sound image corresponding to a first cross-section of the
ovarian region to the 3D ultrasound image, and guide, based
on a result of the registering, a position of at least one
candidate ovarian follicle from which an oocyte is to be
extracted in the 2D ultrasound image; a display displaying
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information for guiding the position of the at least one
candidate ovarian follicle; and an oocyte extractor config-
ured to extract an oocyte from the at least one candidate
ovarian follicle.

[0008] In accordance with another aspect of the disclo-
sure, provided is a computer program stored in a computer-
readable recording medium to perform a method in combi-
nation with an ultrasound diagnosis apparatus, the method
including: obtaining a 3D ultrasound image including an
ovarian region; detecting, based on at least one parameter
used for extracting a particular oocyte, a plurality of candi-
date ovarian follicles from which mature oocytes are more
likely to be extracted in the 3D ultrasound image; registering
a 2D ultrasound image corresponding to a first cross-section
of the ovarian region to the 3D ultrasound image; and
guiding, based on a result of the registering, a position of at
least one candidate ovarian follicle from which an oocyte is
to be extracted in the 2D ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above and other aspects, features, and advan-
tages of certain embodiments of the disclosure will be more
apparent from the following description taken in conjunction
with the accompanying drawings, in which:

[0010] FIG. 1 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to an embodiment;
[0011] FIGS. 2A through 2C illustrate ultrasound diagno-
sis apparatuses according to embodiments;

[0012] FIG. 3 illustrates a process of extracting an oocyte
from a follicle by using an ultrasound diagnosis apparatus,
according to an embodiment;

[0013] FIG. 4 is a flowchart of a method of operating an
ultrasound diagnosis apparatus, according to an embodi-
ment;

[0014] FIG. 5 illustrates a process by which an ultrasound
diagnosis apparatus detects candidate ovarian follicles from
which mature oocytes are more likely to be extracted,
according to an embodiment;

[0015] FIG. 6 illustrates a three-dimensional (3D) ultra-
sound image including an ovarian region and two-dimen-
sional (2D) ultrasound images according to an embodiment;
[0016] FIG. 7 illustrates a process by which an ultrasound
diagnosis apparatus guides a position of a candidate ovarian
follicle, according to an embodiment;

[0017] FIG. 8 illustrates a process of extracting an oocyte
from each candidate ovarian follicle, according to an
embodiment;

[0018] FIG. 9 illustrates a process of guiding a route along
which an oocyte is to be extracted, based on position
information of a structure within an ovarian region, accord-
ing to an embodiment;

[0019] FIG. 10 illustrates a process by which an ultra-
sound diagnosis apparatus extracts oocytes from candidate
ovarian follicles, according to an embodiment;

[0020] FIG. 11 illustrates a process of obtaining a 2D
ultrasound image used for extracting an oocyte from a
candidate ovarian follicle, according to an embodiment;
[0021] FIG. 12 illustrates a process of displaying a 2D
ultrasound image based on information about candidate
ovarian follicles in a 3D ultrasound image, according to an
embodiment; and

[0022] FIG. 13 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to an embodiment.



US 2020/0205785 Al

DETAILED DESCRIPTION

[0023] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings. The present specification describes principles of
the present disclosure and sets forth embodiments thereof to
clarify the scope of the present disclosure and to allow those
of ordinary skill in the art to implement the embodiments.
The present embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein.

[0024] In the following description, the same drawing
reference numerals are used for the same elements even in
different drawings. The matters defined in the description,
such as detailed construction and elements, are provided to
assist in a comprehensive understanding of exemplary
embodiments. Thus, it is apparent that exemplary embodi-
ments can be carried out without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail. Like reference
numerals refer to like elements throughout. The present
specification does not describe all components in the
embodiments, and common knowledge in the art or the same
descriptions of the embodiments will be omitted below.
Terms such as “part” and “portion” used herein denote those
that may be embodied by software or hardware. According
to exemplary embodiments, a plurality of parts or portions
may be embodied by a single unit or element, or a single part
or portion may include a plurality of elements. Expressions
such as “at least one of,” when preceding a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list. Hereinafter, the principles
and embodiments of the present disclosure will be described
in detail with reference to the accompanying drawings.
[0025] In exemplary embodiments, an image may include
any medical image acquired by various medical imaging
apparatuses such as a magnetic resonance imaging (MRI)
apparatus, a computed tomography (CT) apparatus, an ultra-
sound imaging apparatus, or an X-ray apparatus.

[0026] Also, in the present specification, an “object”,
which is a thing to be imaged, may include a human, an
animal, or a part thereof. For example, an object may include
a part of a human, that is, an organ or a tissue, or a phantom.
[0027] Throughout the specification, an ultrasound image
refers to an image of an object processed based on ultra-
sound signals transmitted to the object and reflected there-
from.

[0028] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100, i.e., a diag-
nostic apparatus, according to an exemplary embodiment.
[0029] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
110, a controller 120, an image processor 130, one or more
displays 140, a storage 150, e.g., a memory, a communicator
160, i.e., a communication device or an interface, and an
input interface 170.

[0030] The ultrasound diagnosis apparatus 100 may be of
a cart-type or a portable-type ultrasound diagnosis apparatus
that is portable, moveable, mobile, or hand-held. Examples
of the portable-type ultrasound diagnosis apparatus may
include a smart phone, a laptop computer, a personal digital
assistant (PDA), and a tablet personal computer (PC), each
of which may include a probe and a software application, but
embodiments are not limited thereto.
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[0031] The probe 20 may include a plurality of transduc-
ers. The plurality of transducers may transmit ultrasound
signals to an object 10 in response to transmitting signals
received by the probe 20, from a transmitter 113. The
plurality of transducers may receive ultrasound signals
reflected from the object 10 to generate reception signals. In
addition, the probe 20 and the ultrasound diagnosis appara-
tus 100 may be formed in one body (e.g., disposed in a single
housing), or the probe 20 and the ultrasound diagnosis
apparatus 100 may be formed separately (e.g., disposed
separately in separate housings) but linked wirelessly or via
wires. In addition, the ultrasound diagnosis apparatus 100
may include one or more probes 20 according to embodi-
ments.

[0032] The controller 120 may control the transmitter 113
for the transmitter 113 to generate transmitting signals to be
applied to each of the plurality of transducers based on a
position and a focal point of the plurality of transducers
included in the probe 20.

[0033] The controller 120 may control an ultrasound
receiver 115 to generate ultrasound data by converting
reception signals received from the probe 20 from analog to
digital signals and summing the reception signals converted
into digital form, based on a position and a focal point of the
plurality of transducers.

[0034] The image processor 130 may generate an ultra-
sound image by using ultrasound data generated from the
ultrasound receiver 115.

[0035] The display 140 may display a generated ultra-
sound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The ultrasound
diagnosis apparatus 100 may include two or more displays
140 according to the present exemplary embodiment. The
display 140 may include a touch screen in combination with
a touch panel.

[0036] The controller 120 may control the operations of
the ultrasound diagnosis apparatus 100 and flow of signals
between the internal elements of the ultrasound diagnosis
apparatus 100. The controller 120 may include a memory for
storing a program or data to perform functions of the
ultrasound diagnosis apparatus 100 and a processor and/or a
microprocessor (not shown) for processing the program or
data. For example, the controller 120 may control the
operation of the ultrasound diagnosis apparatus 100 by
receiving a control signal from the input interface 170 or an
external apparatus.

[0037] The ultrasound diagnosis apparatus 100 may
include the communicator 160 and may be connected to
external apparatuses, for example, servers, medical appara-
tuses, and portable devices such as smart phones, tablet
personal computers (PCs), wearable devices, etc., via the
communicator 160.

[0038] The communicator 160 may include at least one
element capable of communicating with the external appa-
ratuses. For example, the communicator 160 may include at
least one among a short-range communication module, a
wired communication module, and a wireless communica-
tion module.

[0039] The communicator 160 may receive a control sig-
nal and data from an external apparatus and transmit the
received control signal to the controller 120 so that the
controller 120 may control the ultrasound diagnosis appa-
ratus 100 in response to the received control signal.
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[0040] The controller 120 may transmit a control signal to
the external apparatus via the communicator 160 so that the
external apparatus may be controlled in response to the
control signal of the controller 120.

[0041] For example, the external apparatus connected to
the ultrasound diagnosis apparatus 100 may process the data
of the external apparatus in response to the control signal of
the controller 120 received via the communicator 160.
[0042] A program for controlling the ultrasound diagnosis
apparatus 100 may be installed in the external apparatus.
The program may include command languages to perform
part of operation of the controller 120 or the entire operation
of the controller 120.

[0043] The program may be pre-installed in the external
apparatus or may be installed by a user of the external
apparatus by downloading the program from a server that
provides applications. The server that provides applications
may include a recording medium where the program is
stored.

[0044] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound diagnosis
apparatus 100, input and/or output ultrasound data, ultra-
sound images, applications, etc.

[0045] The input interface 170 may receive a user’s input
to control the ultrasound diagnosis apparatus 100 and may
include a keyboard, button, keypad, mouse, trackball, jog
switch, knob, a touchpad, a touch screen, a microphone, a
motion input means, a biometrics input means, etc. For
example, the user’s input may include inputs for manipu-
lating buttons, keypads, mice, trackballs, jog switches, or
knobs, inputs for touching a touchpad or a touch screen, a
voice input, a motion input, and a bioinformation input, for
example, iris recognition or fingerprint recognition, but an
exemplary embodiment is not limited thereto.

[0046] An example of the ultrasound diagnosis apparatus
100 according to the present exemplary embodiment is
described below with reference to FIGS. 2A, 2B, and 2C.
[0047] FIGS. 2A, 2B, and 2C are diagrams illustrating an
ultrasound diagnosis apparatus according to an exemplary
embodiment.

[0048] Referring to FIGS. 2A and 2B, the ultrasound
diagnosis apparatus 100a or 10056 may include a main
display 121 and a sub-display 122. At least one among the
main display 121 and the sub-display 122 may include a
touch screen. The main display 121 and the sub-display 122
may display ultrasound images and/or various information
processed by the ultrasound diagnosis apparatus 100a or
1005. The main display 121 and the sub-display 122 may
provide graphical user interfaces (GUI), thereby receiving
user’s inputs of data to control the ultrasound diagnosis
apparatus 1004 or 1005. For example, the main display 121
may display an ultrasound image and the sub-display 122
may display a control panel to control display of the ultra-
sound image as a GUI. The sub-display 122 may receive an
input of data to control the display of an image through the
control panel displayed as a GUL The ultrasound diagnosis
apparatus 100a or 1005 may control the display of the
ultrasound image on the main display 121 by using the input
control data.

[0049] Referring to FIG. 2B, the ultrasound diagnosis
apparatus 1005 may include a control panel 165. The control
panel 165 may include buttons, trackballs, jog switches, or
knobs, and may receive data to control the ultrasound
diagnosis apparatus 1005 from the user. For example, the
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control panel 165 may include a time gain compensation
(TGC) button 171 and a freeze button 172. The TGC button
171 is to set a TGC value for each depth of an ultrasound
image. Also, when an input of the freeze button 172 is
detected during scanning an ultrasound image, the ultra-
sound diagnosis apparatus 1005 may keep displaying a
frame image at that time point.

[0050] The buttons, trackballs, jog switches, and knobs
included in the control panel 165 may be provided as a GUI
to the main display 121 or the sub-display 122.

[0051] Referring to FIG. 2C, the ultrasound diagnosis
apparatus 100c may include a portable device. An example
of the portable ultrasound diagnosis apparatus 100c may
include smart phones including probes and applications,
laptop computers, personal digital assistants (PDAs), or
tablet PCs, but an exemplary embodiment is not limited
thereto.

[0052] The ultrasound diagnosis apparatus 100c may
include the probe 20 and a main body 40. The probe 20 may
be connected to one side of the main body 40 by wire or
wirelessly. The main body 40 may include a touch screen
145. The touch screen 145 may display an ultrasound image,
various pieces of information processed by the ultrasound
diagnosis apparatus 100c, and a GUL

[0053] FIG. 3 illustrates a process of extracting an oocyte
from an ovarian follicle (hereinafter, referred to as a “fol-
licle’) by using the ultrasound diagnosis apparatus (100 of
FIG. 1), according to an embodiment.

[0054] FIG. 3 shows a human body structure including an
ovarian region. Structures such as a bladder 302 and a large
intestine 303 are in close proximity to an ovary 301. Mature
oocytes are needed for artificial insemination, and supero-
vulation may be induced by a medicine to increase the
success rates of artificial insemination. When superovulation
is induced, a plurality of follicles may remain in the ovary
301. The user may insert an oocyte extractor 311 into a
vagina 304 and extract an oocyte 322 from a follicle 321
within the ovary 301 via the oocyte extractor 311. The
extracted oocyte 322 may then be stored in a repository such
as a test tube 331.

[0055] Theultrasound diagnosis apparatus 100 may obtain
an ultrasound image based on ultrasound data including an
ovarian region. The ultrasound diagnosis apparatus 100 may
display the obtained ultrasound image. The user may extract
an oocyte from a follicle while examining the ultrasound
image displayed by the ultrasound diagnosis apparatus 100.
In this case, because a follicle from which an oocyte has
been extracted is not easily distinguished from a follicle
where an oocyte has not been extracted, the user may
mistakenly attempt to extract an oocyte from a follicle where
an oocyte has already been extracted.

[0056] Thus, by displaying tracking information indicat-
ing tracking of follicles from which oocytes have been
extracted and from which oocytes have not been extracted,
the ultrasound diagnosis apparatus 100 may guide the user
to perform an oocyte extraction procedure more accurately
and quickly.

[0057] FIG. 4 is a flowchart of a method of operating the
ultrasound diagnosis apparatus 100, according to an embodi-
ment.

[0058] Referring to FIG. 4, the ultrasound diagnosis appa-
ratus 100 may obtain a three-dimensional (3D) ultrasound
image including an ovarian region (S410).
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[0059] The ultrasound diagnosis apparatus 100 may
detect, based on at least one parameter used for extracting a
certain oocyte, a plurality of candidate follicles from which
mature oocytes are more likely to be extracted in the 3D
ultrasound image (S420).

[0060] For example, the ultrasound diagnosis apparatus
100 may acquire a value of at least one parameter from the
3D ultrasound image. In this case, the at least one parameter
may be a parameter used for measuring at least one of a size
of an ovary and a length and a volume of a follicle, but is not
limited thereto. The ultrasound diagnosis apparatus 100 may
detect a follicle for which a value of at least one parameter
satisfies a preset range as a candidate follicle.

[0061] The ultrasound diagnosis apparatus 100 may reg-
ister a two-dimensional (2D) ultrasound image correspond-
ing to a first cross-section of the ovarian region to the 3D
ultrasound image (S430).

[0062] For example, the ultrasound diagnosis apparatus
100 may register a 2D ultrasound image to the 3D ultrasound
image, based on a value of at least one parameter for a
plurality of candidate follicles detected in the 3D ultrasound
image.

[0063] A size of a follicle may be observed to be less than
its original size according to a position of a cross-section
corresponding to a 2D ultrasound image. Thus, when an
oocyte is extracted from a follicle by using only a 2D
ultrasound image, a size of the follicle may be mistakenly
determined and confusion may occur when tracking the
same follicle. The ultrasound diagnosis apparatus 100 may
register the 2D ultrasound image to the 3D ultrasound image
based on information about candidate follicles detected in
the 3D ultrasound image, thereby allowing accurate and
prompt tracking of positions of the candidate follicles.

[0064] In addition, registration between the 2D and 3D
ultrasound images may be performed based on a value of a
parameter in the 3D ultrasound image and a sensor.

[0065] Theultrasound diagnosis apparatus 100 may guide,
based on a result of the registering, a position of at least one
candidate follicle from which an oocyte is to be extracted in
the 2D ultrasound image (S440).

[0066] For example, the ultrasound diagnosis apparatus
100 may identify, based on a result of the registering, a
position of at least one candidate follicle from which an
oocyte is to be extracted in the 2D ultrasound image, and
display the position of the at least one candidate follicle.
When a first oocyte is extracted from a first candidate follicle
among the at least one candidate follicle, the ultrasound
diagnosis apparatus 100 may display, on the 2D ultrasound
image, information indicating that the first oocyte has been
extracted from the first candidate follicle.

[0067] For example, the ultrasound diagnosis apparatus
100 may display a contour line or color of the first candidate
follicle differently from a contour line or color of another
candidate follicle from which an oocyte has not been
extracted, such that the first candidate follicle is distin-
guished from the other candidate follicle.

[0068] For example, as an oocyte is extracted from at least
one candidate follicle in the 2D ultrasound image, the
ultrasound diagnosis apparatus 100 may display on the 2D
ultrasound image, tracking information indicating tracking
of candidate follicles from which oocytes have been
extracted and candidate follicles from which oocytes have
not been extracted.
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[0069] For example, the ultrasound diagnosis apparatus
100 may acquire position information of at least one struc-
ture based on an anatomical structure within the ovarian
region. In this case, the at least one structure may be a cyst,
an intima, a vessel, etc., but is not limited thereto. The
ultrasound diagnosis apparatus 100 may identify an ana-
tomical structure within the ovarian region based on the 3D
ultrasound image and acquire position information of at least
one structure based on the anatomical structure. The ultra-
sound diagnosis apparatus 100 may guide, based on the
position information of the at least one structure, a route
along which an oocyte is to be extracted from at least one
candidate follicle.

[0070] For example, after the first oocyte is extracted from
the first candidate follicle from among the at least one
candidate follicle, the ultrasound diagnosis apparatus 100
may guide a position of a second candidate follicle from
which a second oocyte is subsequently to be extracted in the
2D ultrasound image.

[0071] In addition, as an oocyte is extracted from at least
one candidate follicle in the 2D ultrasound image, the
ultrasound diagnosis apparatus 100 may display a plurality
of candidate follicles on the 3D ultrasound image in such a
manner that candidate follicles where oocytes have been
extracted are distinguished from candidate follicles where
oocytes have not been extracted.

[0072] Furthermore, the ultrasound diagnosis apparatus
100 may display, on the 3D ultrasound image, a position of
the first cross-section corresponding to the 2D ultrasound
image.

[0073] Furthermore, the ultrasound diagnosis apparatus
100 may determine, based on positions of a plurality of
candidate follicles, a priority order of cross-sections accord-
ing to a decreasing order of probability of detecting a
candidate follicle from an ovarian region. The ultrasound
diagnosis apparatus 100 may obtain 2D ultrasound images
according to the priority order of cross-sections.

[0074] When an oocyte extraction procedure is performed,
the ultrasound diagnosis apparatus 100 may track positions
of candidate follicles in the 2D ultrasound image, based on
information about candidate follicles acquired from the 3D
ultrasound image When an oocyte is extracted from a certain
follicle, the ultrasound diagnosis apparatus 100 may display
the candidate follicle where the oocyte has been extracted to
be distinguished from a candidate follicle where an oocyte
has not been extracted, thereby allowing the user to perform
a prompt and accurate extraction procedure.

[0075] FIG. 5 illustrates a process by which the ultrasound
diagnosis apparatus 100 detects candidate follicles from
which mature oocytes are more likely to be extracted,
according to an embodiment.

[0076] Referring to an image 510 of FIG. 5, the ultrasound
diagnosis apparatus 100 may display a screen for setting a
parameter used for detecting candidate follicles from which
mature oocytes are more likely to be extracted.

[0077] Inthis case, a parameter may be used to measure at
least one of a size of an ovary and a size and a volume of a
follicle. For example, a parameter used to measure the size
of a follicle may be a major axis length of the follicle.
[0078] The ultrasound diagnosis apparatus 100 may
receive an input of selecting a parameter used to detect a
candidate follicle as well as an input of setting a range of
values for the selected parameter. For example, as shown in
the image 510 of FIG. 5, the ultrasound diagnosis apparatus
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100 may receive an input of selecting a major axis length of
a follicle from among a plurality of parameters. When a
major axis length of a follicle is selected, an input field for
setting the major axis length of the follicle may be displayed.
For example, the ultrasound diagnosis apparatus 100 may
receive an input of setting a major axis length of a follicle
to a range between XX millimeters (mm) and YY mm. As
another example, the ultrasound diagnosis apparatus 100
may receive an input of setting the major axis length of the
follicle to be XX mm or more.

[0079] As another example, the ultrasound diagnosis
apparatus 100 may receive an input of selecting a major axis
length and a volume of a follicle as parameters. The ultra-
sound diagnosis apparatus 100 may receive an input of
setting ranges of a major axis length and a volume with
respect to a follicle for detection of a candidate follicle.

[0080] The ultrasound diagnosis apparatus 100 may
acquire a value of at least one parameter from a 3D ultra-
sound image including an ovarian region. The ultrasound
diagnosis apparatus 100 may detect a follicle for which a
value of at least one parameter satisfies a preset range as a
candidate follicle.

[0081] For example, when a parameter is a major axis
length of a follicle and a range of values for the parameter
is set to be 16 mm or more, the ultrasound diagnosis
apparatus 100 may detect a follicle having a major axis
length of 16 mm or more as a candidate follicle. The
ultrasound diagnosis apparatus 100 may display only can-
didate follicles detected in the 3D ultrasound image.

[0082] Inaddition,as showninan image 520 of FIG. 5, the
ultrasound diagnosis apparatus 100 may acquire a 2D ultra-
sound image corresponding to a first cross-section of the
ovarian region. In this case, the ultrasound diagnosis appa-
ratus 100 may register the 2D ultrasound image to the 3D
ultrasound image based on a value of a parameter for
candidate follicles detected in the 3D ultrasound image. For
example, the ultrasound diagnosis apparatus 100 may dis-
play, based on the 3D ultrasound image, candidate follicles
having a major axis length of 16 mm or more on the 2D
ultrasound image.

[0083] FIG. 6 illustrates a 3D ultrasound image 640
including an ovarian region and 2D ultrasound images 610,
620, and 630 respectively corresponding to cross-sections of
the ovarian region, according to an embodiment.

[0084] The ultrasound diagnosis apparatus 100 may
receive echo signals reflected from an ovarian region via a
probe. The ultrasound diagnosis apparatus 100 may perform
analog-to-digital (ADC) conversion on the echo signals to
generate digital signals. The ultrasound diagnosis apparatus
100 may perform reception focusing on the digital signals to
generate a focused reception signal and acquire ultrasound
data corresponding to a frame by using the focused reception
signal. In this case, a frame may be a 2D ultrasound image
corresponding to a predetermined cross-section of an ovar-
ian region. The ultrasound diagnosis apparatus 100 may
generate volume data based on the ultrasound data. The
volume data may be composed of frames and include voxels
having brightness values. The ultrasound diagnosis appara-
tus 100 may obtain a 3D ultrasound image by rendering the
volume data.

[0085] Referring to FIG. 6, the ultrasound diagnosis appa-
ratus 100 may display candidate follicles on the 3D ultra-
sound image 640.
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[0086] The ultrasound diagnosis apparatus 100 may dis-
play the 2D ultrasound images 610, 620, and 630 respec-
tively corresponding to predetermined cross-sections in the
3D ultrasound image 640. The 2D ultrasound images 610,
620, and 630 may respectively correspond to first through
third cross-sections of the ovarian region.

[0087] For example, the first through third cross-sections
may be adjacent cross-sections of the ovarian region. Fur-
thermore, the first through third cross-sections may be
cross-sections of the ovarian region where candidate fol-
licles are more likely to be detected. In addition, the first
through third cross-sections may be cross-sections of the
ovarian region that are preset by the user based on an
anatomical structure of the ovarian region.

[0088] The ultrasound diagnosis apparatus 100 may dis-
play on each of the 2D ultrasound images 610, 620, and 630
candidate follicles detected as follicles from which mature
oocytes are more likely to be extracted. For example, the
ultrasound diagnosis apparatus 100 may display a contour
line of each candidate follicle as a bold line. Contour lines
of candidate follicles from which oocytes are to be extracted
may be displayed as bold lines to allow the user to easily
identify positions of the candidate follicles.

[0089] As shown in FIG. 6, the ultrasound diagnosis
apparatus 100 may display the 3D ultrasound image 640
including the ovarian region, together with the 2D ultra-
sound images 610, 620, and 630 respectively corresponding
to the predetermined cross-sections of the ovarian region.
Furthermore, the ultrasound diagnosis apparatus 100 may
respectively display position information of the candidate
follicles on the 2D and 3D ultrasound images 610, 620, 630,
and 640. For example, the ultrasound diagnosis apparatus
100 may display position information of the candidate
follicles on the 2D and 3D ultrasound images 610, 620, 630,
and 640 by displaying the candidate follicles in colors,
marking contour lines of the candidate follicles, or assigning
reference numbers to the candidate follicles.

[0090] FIG. 7 illustrates a process by which the ultrasound
diagnosis apparatus 100 guides a position of a candidate
follicle, according to an embodiment.

[0091] The ultrasound diagnosis apparatus 100 may reg-
ister a 2D ultrasound image corresponding to a first cross-
section of an ovarian region to a 3D ultrasound image. In
detail, the ultrasound diagnosis apparatus 100 may register
the 2D ultrasound image to the 3D ultrasound image based
on a value of at least one parameter for candidate follicles
detected in the 3D ultrasound image.

[0092] The ultrasound diagnosis apparatus 100 may guide,
based on a result of the registering, a position of at least one
candidate follicle from which an oocyte is to be extracted on
the 2D ultrasound image.

[0093] As shown in FIG. 7, the ultrasound diagnosis
apparatus 100 may obtain a 3D image including an ovarian
region. The ultrasound diagnosis apparatus 100 may detect
candidate follicles in a 3D ultrasound image based on a
parameter used for extracting oocytes. The ultrasound diag-
nosis apparatus 100 may obtain a 3D ultrasound image 740
in which only candidate follicles are detected. Furthermore,
the ultrasound diagnosis apparatus 100 may display 2D
ultrasound images 710, 720, and 730 respectively corre-
sponding to predetermined cross-sections of an ovarian
region.

[0094] The ultrasound diagnosis apparatus 100 may obtain
in real-time a 2D ultrasound image 750 corresponding to a
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predetermined cross-section of the ovarian region. The ultra-
sound diagnosis apparatus 100 may register the 2D ultra-
sound image to the 3D ultrasound image 740 based on
candidate follicles detected in the 3D ultrasound image 740.
The ultrasound diagnosis apparatus 100 may display, based
on a result of the registering, a position of at least one
candidate follicle from which an oocyte is to be extracted.
[0095] A user may identify a position of a candidate
follicle displayed in the 2D ultrasound image 750 and
extract an oocyte from the candidate follicle via an oocyte
extractor of the ultrasound diagnosis apparatus 100.

[0096] When a first oocyte is extracted from a first can-
didate follicle among the at least one candidate follicle, the
ultrasound diagnosis apparatus 100 may display on the 2D
ultrasound image 750 information indicating that the first
oocyte has been extracted from the first candidate follicle.
[0097] For example, referring to the ultrasound image 750
of FIG. 7, the ultrasound diagnosis apparatus 100 may
display a contour line of the first candidate follicle from
which the first oocyte has been extracted as a bold line, and
display an area of the first candidate follicle shaded. The
ultrasound diagnosis apparatus 100 may display a candidate
follicle from which an oocyte has been extracted to be
distinguished from a candidate follicle from which an oocyte
has not been extracted, thereby allowing the user to extract
an oocyte from a candidate follicle more accurately and
promptly.

[0098] The ultrasound diagnosis apparatus 100 may dis-
play the 2D ultrasound images 710, 720, and 730 respec-
tively corresponding to the predetermined cross-sections of
the ovarian region and the 3D ultrasound image 740 includ-
ing the ovarian region. Furthermore, the ultrasound diagno-
sis apparatus 100 may display the 2D ultrasound image 750
obtained in real-time, together with the 2D ultrasound
images 710, 720, and 730 and the 3D ultrasound image 740.
[0099] When the first oocyte is extracted from the first
candidate follicle, the ultrasound diagnosis apparatus 100
may display information indicating that the first oocyte has
been extracted from the first candidate follicle on the 2D
ultrasound images 710, 720, and 730, respectively. Referring
to the ultrasound images 710, 720, and 730 of FIG. 7, the
ultrasound diagnosis apparatus 100 may display a contour
line of the first candidate follicle as a bold line and display
an area of the first candidate follicle shaded.

[0100] Furthermore, unlike in FIG. 7, the ultrasound diag-
nosis apparatus 100 may respectively display on the 2D
ultrasound images 710, 720, and 730 a contour line or color
of the first candidate follicle differently from a contour line
or color of another candidate follicle from which an oocyte
has not been extracted, such that the first candidate follicle
is distinguished from the other candidate follicle.

[0101] Furthermore, the ultrasound diagnosis apparatus
100 may display, on the 3D ultrasound image 740, the first
candidate follicle from which the first oocyte has been
extracted to be distinguished from the other candidate fol-
licles from which oocytes have not been extracted. In other
words, the ultrasound diagnosis apparatus 100 may display
on the 3D ultrasound image 740 a contour line or color of the
first candidate follicle differently from contour lines or
colors of candidate follicles from which oocytes have not
been extracted.

[0102] The ultrasound diagnosis apparatus 100 may dis-
play in real-time a candidate follicle from which an oocyte
has been extracted on the 2D ultrasound images 710, 720,
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and 730 and the 3D ultrasound image 740 in such a manner
as to be distingnished from a candidate follicle from which
an oocyte has not been extracted, thereby preventing the user
from performing again an extraction procedure on the can-
didate follicle from which the oocyte has been extracted.
[0103] FIG. 8 illustrates a process of extracting an oocyte
from each candidate follicle, according to an embodiment.
[0104] The ultrasound diagnosis apparatus 100 may dis-
play in real-time a 2D ultrasound image corresponding to a
predetermined cross-section of an ovarian region. The probe
20 of the ultrasound diagnosis apparatus 100 may be kept in
a fixed state until oocytes are all extracted from candidate
follicles in the 2D ultrasound image.

[0105] Each time an oocyte is extracted from each of the
candidate follicles in the 2D ultrasound image, the ultra-
sound diagnosis apparatus 100 may update and display
information indicating that the oocyte has been extracted
from the candidate follicle.

[0106] Referring to an image 810 of FIG. 8, the ultrasound
diagnosis apparatus 100 may respectively display candidate
follicles from which oocytes are to be extracted in 2D
ultrasound images. A user may select a first candidate
follicle from among candidate follicles in a 2D ultrasound
image and extract a first oocyte from the first candidate
follicle. When the first oocyte is extracted from the first
candidate follicle, the ultrasound diagnosis apparatus 100
may display the first candidate follicle to be distinguished
from candidate follicles from which oocytes have not been
extracted. As shown in the image 810 of FIG. 8, the
ultrasound diagnosis apparatus 100 display, on each of the
2D ultrasound images, a contour line of the first candidate
follicle as a bold line and an area of the first candidate
follicle shaded. Furthermore, the ultrasound diagnosis appa-
ratus 100 may display, on a 3D ultrasound image, the first
candidate follicle from which the first oocyte has been
extracted to be distinguished from the other candidate fol-
licles from which oocytes have not been extracted.

[0107] Referring to the image 820 of FIG. 8, after extract-
ing the first cocyte from the first candidate follicle, the user
may then select a second candidate follicle from among the
other candidate follicles from which oocytes have not been
extracted. The user may extract a second oocyte from the
second candidate follicle. When the second oocyte is
extracted from the second candidate follicle, the ultrasound
diagnosis apparatus 100 may distinctively display the sec-
ond candidate follicle as a candidate follicle from which an
oocyte has been extracted. As shown in the image 820 of
FIG. 8, the ultrasound diagnosis apparatus 100 may display,
on each of the 2D ultrasound images, a contour line of the
second candidate follicle as a bold line and an area of the
second candidate follicle shaded. Similarly, the ultrasound
diagnosis apparatus 100 may display, on a 3D ultrasound
image, the second candidate follicle as a candidate follicle
from which an oocyte has been extracted.

[0108] The user may respectively extract oocytes from
candidate follicles in a 2D ultrasound image obtained in
real-time while examining candidate follicles from which
oocytes have been extracted and from which oocytes have
not been extracted in the 2D ultrasound image. When
oocytes are respectively extracted from candidate follicles in
the 2D ultrasound image, as shown in an image 830 of FIG.
8, the ultrasound diagnosis apparatus 100 may then display
contour lines of the candidate follicles from which the
oocytes have been extracted as bold lines and areas of the



US 2020/0205785 Al

candidate follicles shaded. Furthermore, the ultrasound
diagnosis apparatus 100 may also display, on a 3D ultra-
sound image, the candidate follicles in the 2D ultrasound
image to be distinguished from candidate follicles from
which oocytes have not been extracted.

[0109] When oocytes are extracted from all the candidate
follicles in a 2D ultrasound image obtained in real-time, the
ultrasound diagnosis apparatus 100 may display information
indicating that all of the oocytes have been extracted from a
first cross-section of an ovarian region corresponding to the
2D ultrasound image. The ultrasound diagnosis apparatus
100 may also guide extraction of oocytes from a second
cross-section of the ovarian region.

[0110] FIG. 9illustrates a process of guiding a route along
which an oocyte is to be extracted, based on position
information of a structure within an ovarian region, accord-
ing to an embodiment.

[0111] Follicles may be dispersed in a certain region of an
ovary. An oocyte extractor such as a needle may be used to
extract oocytes from follicles. Because a certain structure
exists within or outside the ovary, the user needs to avoid the
certain structure in order to extract an oocyte from a follicle.
[0112] The ultrasound diagnosis apparatus 100 may
acquire position information of at least one structure based
on an anatomical structure within the ovarian region. The
ultrasound diagnosis apparatus 100 may guide, based on the
position information of the at least one structure, a route
along which an oocyte is to be extracted from at least one
candidate follicle.

[0113] Referring to FIG. 9, the ultrasound diagnosis appa-
ratus 100 may obtain in real-time a 2D ultrasound image
corresponding to a predetermined cross-section of the ovar-
ian region. The ultrasound diagnosis apparatus 100 may
display candidate follicles 901 through 905 on the 2D
ultrasound image based on a 3D ultrasound image in which
candidate follicles, from which mature oocytes are more
likely to be extracted, are detected. In this case, the candi-
date follicles 901 through 905 may be some of the candidate
follicles detected in the 3D ultrasound image.

[0114] As shown in FIG. 9, the ultrasound diagnosis
apparatus 100 may acquire, based on the position informa-
tion of the at least one structure within the ovarian region,
a route along which an oocyte extractor is guided to reach a
candidate follicle without contacting a certain structure. The
ultrasound diagnosis apparatus 100 may display routes along
which the oocyte extractor may respectively reach the
candidate follicles 901 through 905. The routes shown in
FIG. 9 are merely an example, and an oocyte may be
extracted along another route.

[0115] FIG. 10 illustrates a process by which the ultra-
sound diagnosis apparatus 100 extracts oocytes from can-
didate follicles, according to an embodiment.

[0116] As oocytes are extracted from candidate follicles in
a 2D ultrasound image, the ultrasound diagnosis apparatus
100 may display, on the 2D ultrasound image, tracking
information indicating tracking of candidate follicles from
which oocytes have been extracted and from which oocytes
have not been extracted.

[0117] For example, the user may extract via an oocyte
extractor a first oocyte from a first candidate follicle 1001
among candidate follicles, i.e., first through fifth candidate
follicles 1001 through 1005 in the 2D ultrasound image. The
ultrasound diagnosis apparatus 100 may display a contour

Jul. 2, 2020

line of the first candidate follicle 1001 as a bold line and an
area of the first candidate follicle 1001 shaded.

[0118] Furthermore, after the first oocyte has been
extracted from the first candidate follicle 1001 from among
the first through fifth candidate follicles 1001 through 1005,
the ultrasound diagnosis apparatus 100 may guide a position
of the second candidate follicle 1002 from which a second
oocyte is subsequently to be extracted in the 2D ultrasound
image. For example, the ultrasound diagnosis apparatus 100
may display a reference number @ near the second candi-
date follicle 1002.

[0119] In this case, the ultrasound diagnosis apparatus 100
may respectively display reference numbers @ through @
near the second through fifth candidate follicles 1002
through 1005. For example, the order of the reference
numbers may be arbitrarily determined. Furthermore, the
order of the reference numbers may be determined in the
order of a size of a candidate follicle, but is not limited
thereto. In other words, the ultrasound diagnosis apparatus
100 may determine and display the order in which oocytes
are to be extracted from candidate follicles in the 2D
ultrasound image. By extracting an oocyte from a candidate
follicle according to the determined order, the user may
perform a more accurate and prompt extraction procedure.

[0120] Furthermore, after the second oocyte has been
extracted from the second candidate follicle 1002, the ultra-
sound diagnosis apparatus 100 may guide a position of the
third candidate follicle 1003 from which a third cocyte is
subsequently to be extracted in the 2D ultrasound image.
Similarly, the ultrasound diagnosis apparatus 100 may
respectively assign reference numbers to the third through
fifth candidate follicles 1003 through 1005 from which
oocytes have not been extracted and display the assigned
reference numbers.

[0121] FIG. 11 illustrates a process of obtaining a 2D
ultrasound image used for extracting an oocyte from a
candidate follicle, according to an embodiment.

[0122] The ultrasound diagnosis apparatus 100 may deter-
mine, based on positions of a plurality of candidate follicles
detected in a 3D ultrasound image, a priority order of
cross-sections according to a decreasing order of probability
of detecting a candidate follicle from an ovarian region.

[0123] For example, the ultrasound diagnosis apparatus
100 may determine a first cross-section having the highest
probability of detecting a candidate follicle as a first priority.
The ultrasound diagnosis apparatus 100 may display posi-
tions of candidate follicles on a 2D ultrasound image 1110
corresponding to a first cross-section. The user may respec-
tively extract oocytes from the candidate follicles while
examining the positions of the candidate follicles. Each time
an oocyte is extracted from a candidate follicle, the ultra-
sound diagnosis apparatus 100 may display, on the 2D
ultrasound image 1110 and the 3D ultrasound image, a
candidate follicle from which an oocyte has been extracted
to be distinguished from a candidate follicle from which an
oocyte has not been extracted.

[0124] When oocytes are all extracted from candidate
follicles in the 2D ultrasound image 1110, the ultrasound
diagnosis apparatus 100 may then determine a second cross-
section having the second highest probability of detecting a
candidate follicle. The ultrasound diagnosis apparatus 100
may display positions of candidate follicles on a 2D ultra-
sound image 1120 corresponding to the second cross-sec-
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tion. The user may respectively extract oocytes from the
candidate follicles while examining the positions of the
candidate follicles.

[0125] Similarly, when oocytes are all extracted from
candidate follicles in the 2D ultrasound image 1120, the
ultrasound diagnosis apparatus 100 may then determine a
third cross-section having the third highest probability of
detecting a candidate follicle. The ultrasound diagnosis
apparatus 100 may display positions of candidate follicles
on a 2D ultrasound image 1130 corresponding to the third
cross-section. The user may respectively extract oocytes
from the candidate follicles while examining the positions of
the candidate follicles.

[0126] In other words, the ultrasound diagnosis apparatus
100 may determine a priority order of cross-sections accord-
ing to a decreasing order of probability of detecting a
candidate follicle. The ultrasound diagnosis apparatus 100
may obtain a 2D ultrasound image corresponding to a
cross-section according to the priority order and guide
extraction of oocytes from candidate follicles based on the
2D ultrasound image.

[0127] FIG. 12 illustrates a process of displaying a 2D
ultrasound image based on information about candidate
follicles in a 3D ultrasound image, according to an embodi-
ment.

[0128] The ultrasound diagnosis apparatus 100 may obtain
a 3D ultrasound image 1210 including an ovarian region.
The ultrasound diagnosis apparatus 100 may detect, based
on a parameter used for extracting an oocyte, candidate
follicles from which mature oocytes are more likely to be
extracted in the 3D ultrasound image 1210. The ultrasound
diagnosis apparatus 100 may acquire, based on a value of a
parameter, follicle information about at least one of a
position, a size, and a volume of each of the candidate
follicles.

[0129] In addition, the ultrasound diagnosis apparatus 100
may obtain a 2D ultrasound image 1220 corresponding to a
predetermined cross-section of the ovarian region in real-
time. The ultrasound diagnosis apparatus 100 may register
the 2D ultrasound image 1220 with the 3D ultrasound image
1210 based on a value of a parameter for the candidate
follicles detected in the 3D ultrasound image 1210. The
ultrasound diagnosis apparatus 100 may determine positions
of the candidate follicles in the 2D ultrasound image 1220
based on a result of the registering and display the candidate
follicles.

[0130] Furthermore, the ultrasound diagnosis apparatus
100 may display, on the 3D ultrasound image 1210, a
position of a cross-section 1211 corresponding to the 2D
ultrasound image 1220.

[0131] FIG. 13 is a block diagram of a configuration of an
ultrasound diagnosis apparatus 100 according to an embodi-
ment. The ultrasound diagnosis apparatus 100 may include
a probe 1310, an oocyte extractor 1320, a display 1330, a
memory 1340, and a processor 1350. However, all the
components shown in F1G. 13 are not essential components.
The ultrasound diagnosis apparatus 100 may include more
or fewer components than those shown in FIG. 13. Con-
figurations and operations of the above-described compo-
nents will now be described in detail.

[0132] The probe 1310 may include a plurality of trans-
ducers that convert ultrasound signals into electrical signals
or vice versa. In other words, the probe 1310 may include a
transducer array consisting of a plurality of transducers, and
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the transducers may be arranged in a one-dimensional (1D)
or 2D array. Each of the transducers generates ultrasound
signals separately or simultaneously. An ultrasound signal
transmitted by each transducer is reflected off a discontinu-
ous impedance surface within an object. Each transducer
may convert a received reflected echo signal into an elec-
trical reception signal. The probe 1310 may transmit ultra-
sound signals to an ovarian region of the object and receive
echo signals reflected therefrom. In this case, the object may
be a human.

[0133] The oocyte extractor 1320 may extract an oocyte
from a follicle. Furthermore, the oocyte extractor 1320 may
include a needle used for extracting an oocyte from a
follicle. The oocyte extractor 1320 may also be mounted to
the probe 1310 to be movable in conjunction with the probe
1310.

[0134] The display 1330 displays a predetermined screen.
In detail, the display 1330 may display a predetermined
screen according to control by the processor 1350. The
display 1330 includes a display panel on which an ultra-
sound image may be displayed.

[0135] The memory 1340 may store a program for execut-
ing a method of operating the ultrasound diagnosis apparatus
100. Furthermore, the memory 1340 may store code repre-
senting a method of operating the ultrasound diagnosis
apparatus 100.

[0136] The memory 1340 may store 2D and 3D ultrasound
images. The memory 1340 may also store pieces of infor-
mation acquired from the 2D and 3D ultrasound images.
[0137] For example, information acquired from 2D and
3D ultrasound images may include information about at
least one of a position, a size, and a volume of a candidate
follicle, a parameter used for extracting an oocyte, and a
value of the parameter.

[0138] The processor 1350 may obtain a 3D ultrasound
image including an ovarian region.

[0139] The processor 1350 may detect, based on at least
one parameter used for extracting a certain oocyte, a plu-
rality of candidate follicles from which mature oocytes are
more likely to be extracted in a 3D ultrasound image.
[0140] For example, the processor 1350 may acquire a
value of at least one parameter from the 3D ultrasound
image. In this case, the at least one parameter may be a
parameter used for measuring at least one of a size of an
ovary and a length and a volume of a follicle, but is not
limited thereto. The ultrasound diagnosis apparatus 100 may
detect a follicle for which a value of at least one parameter
satisfies a preset range as a candidate follicle.

[0141] The processor 1350 may register a 2D ultrasound
image corresponding to a first cross-section of an ovarian
region to a 3D ultrasound image.

[0142] The processor 1350 may register the 2D ultrasound
image to the 3D ultrasound image based on a value of at least
one of parameter for a plurality of candidate follicles
detected in the 3D ultrasound image.

[0143] The processor 1350 may register the 2D ultrasound
image to the 3D ultrasound image based on information
about candidate follicles detected in the 3D ultrasound
image, thereby allowing accurate and prompt tracking of
positions of the candidate follicles. In addition, registering
between the 2D and 3D ultrasound images may be per-
formed based on a value of a parameter in the 3D ultrasound
image and a sensor.
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[0144] The processor 1350 may guide, based on a result of
the registering, a position of at least one candidate follicle
from which an oocyte is to be extracted in the 2D ultrasound
image.

[0145] For example, the processor 1350 may identify,
based on a result of the registering, a position of at least one
candidate follicle from which an oocyte is to be extracted in
the 2D ultrasound image. The display 1330 may display the
position of the at least one candidate follicle. When a first
oocyte is extracted from a first candidate follicle among the
at least one candidate follicle, the processor 1350 may
control the display 1330 to display information indicating
that the first oocyte has been extracted from the first candi-
date follicle on the 2D ultrasound image.

[0146] For example, the display 1330 may display a
contour line or color of the first candidate follicle differently
from a contour line or color of another candidate follicle
from which an oocyte has not been extracted, such that the
first candidate follicle is distinguished from the other can-
didate follicle.

[0147] For example, as an oocyte is extracted from the at
least one candidate follicle in the 2D ultrasound image, the
display 1330 may display, on the 2D ultrasound image,
tracking information indicating tracking of candidate fol-
licles from which oocytes have been extracted and from
which oocytes have not been extracted.

[0148] For example, the processor 1350 may acquire posi-
tion information of at least one structure based on an
anatomical structure within the ovarian region. In this case,
the at least one structure may be a cyst, an intima, a vessel,
etc., but is not limited thereto. The processor 1350 may
identify an anatomical structure within the ovarian region
based on the 3D ultrasound image and acquire position
information of at least one structure based on the anatomical
structure. The processor 1350 may guide, based on the
position information of the at least one structure, a route
along which an oocyte is to be extracted from the at least one
candidate follicle.

[0149] For example, after the first oocyte has been
extracted from the first candidate follicle from among the at
least one candidate follicle, the processor 1350 may then
control the display 1330 to display guide information for
guiding a position of a second candidate follicle from which
a second oocyte is subsequently to be extracted in the 2D
ultrasound image.

[0150] In addition, as an oocyte is extracted from the at
least one candidate follicle in the 2D ultrasound image, the
ultrasound diagnosis apparatus 100 may display a plurality
of candidate follicles on the 3D ultrasound image in such a
manner that candidate follicles where oocytes have been
extracted are distinguished from candidate follicles where
oocytes have not been extracted.

[0151] Furthermore, the display 1330 may display, on a
3D ultrasound image, a position of a first cross-section
corresponding to a 2D ultrasound image.

[0152] Furthermore, the processor 1350 may determine,
based on positions of a plurality of candidate follicles, a
priority order of cross-sections according to a decreasing
order of probability of detecting a candidate follicle from the
ovarian region. The ultrasound diagnosis apparatus 100 may
obtain 2D ultrasound images according to the priority order
of cross-sections.

[0153] The wultrasound diagnosis apparatuses 100
described above may be implemented using hardware com-
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ponents, software components, and/or a combination
thereof. For example, the apparatuses and components illus-
trated in the embodiments may be implemented using one or
more general-purpose or special-purpose computers, such as
a processor, a controller, an arithmetic logic unit (ALU), a
digital signal processor, a microcomputet, a field program-
mable array (FPA), a programmable logic unit (PLU), a
microprocessot, or any other device capable of responding
to and executing instructions.

[0154] A processing device may run an operating system
(OS) and one or more software applications running on the
OS. The processing device may also access, store, manipu-
late, process, and create data in response to execution of
software.

[0155] Although a single processing device may be illus-
trated for convenience, those of ordinary skill in the art will
appreciate that a processing device may include a plurality
of processing elements and/or a plurality of types of pro-
cessing elements. For example, a processing device may
include one or a plurality of processors and a controller. In
addition, the processing device may have different process-
ing configurations such as parallel processors.

[0156] Software may include a computer program, a piece
of code, a command, or one or more combinations thereof
and independently or collectively instruct or configure the
processing device to operate as desired.

[0157] Sofiware and/or data may be embodied perma-
nently or temporarily in any type of machine, component,
physical equipment, virtual equipment, computer storage
medium or device, or in a transmitted signal wave so as to
be interpreted by the processing device or to provide com-
mands or data to the processing device. The software may
also be distributed over network-coupled computer systems
so that the software is stored and executed in a distributed
fashion. The software and data may be stored in one or more
computer-readable recording media.

[0158] The methods according to the embodiments may be
implemented in the form of program instructions that may
be executed through various computer devices and be
recorded on non-transitory computer-readable recording
media. The computer-readable recording media may also
include, alone or in combination, program instructions, data
files, data structures, and the like. The program instructions
recorded on the non-transitory computer-readable recording
media may be designed and configured specially for the
embodiments or be known and available to those of ordinary
skill in computer software.

[0159] Examples of non-transitory computer-readable
recording media include magnetic media such as hard disks,
floppy disks, and magnetic tape, optical media such as
CD-ROM discs and DVDs, magneto-optical media such as
floptical discs, and hardware devices that are specially
configured to store and perform program instructions, such
as ROM, RAM, flash memory, and the like.

[0160] Examples of program instructions include not only
machine code made by a compiler but also high-level
language code to be executed in a computer by using an
interpreter.

[0161] The above-described hardware devices may be
configured to act as one or more software modules in order
to perform operations according to the embodiments, or vice
versa.

[0162] While one or more embodiments have been
described with reference to the figures, it will be understood
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by those of ordinary skill in the art that various modifications
and changes in form and details may be made from the
above descriptions without departing from the spirit and
scope as defined by the following claims. For example,
adequate effects may be achieved even if the above tech-
niques are performed in a different order than that described
above, and/or the aforementioned elements, such as systems,
structures, devices, or circuits, are combined or coupled in
different forms and modes than those described above or are
replaced or supplemented by other components or their
equivalents.

[0163] Thus, the scope of the disclosure is defined not by
the above-described embodiments but by the appended
claims and their equivalents.

What is claimed is:

1. A method of operating an ultrasound diagnosis appa-
ratus, the method comprising:

obtaining a three-dimensional ultrasound image including
an ovarian region;

detecting, based on at least one parameter used for
extracting a particular oocyte, a plurality of candidate
ovarian follicles from which mature oocytes are more
likely to be extracted in the three-dimensional ultra-
sound image;

registering a two-dimensional ultrasound image corre-
sponding to a first cross-section of the ovarian region to
the three-dimensional ultrasound image; and

guiding, based on a result of the registering, a position of
at least one candidate ovarian follicle from which an
oocyte is to be extracted in the two-dimensional ultra-
sound image.

2. The method of claim 1, wherein the guiding of the
position of the at least one candidate ovarian follicle in the
two-dimensional ultrasound image comprises:

displaying, based on the result of the registering, the
position of the at least one candidate ovarian follicle
from which the oocyte is to be extracted in the two-
dimensional ultrasound image; and

displaying, when a first oocyte is extracted from a first
candidate ovarian follicle among the at least one can-
didate ovarian follicle, information indicating that the
first oocyte has been extracted from the first candidate
ovarian follicle on the two-dimensional ultrasound
image.

3. The method of claim 2, wherein the displaying of the
information indicating that the first oocyte has been
extracted from the first candidate ovarian follicle on the
two-dimensional ultrasound image comprises displaying a
contour line or color of the first candidate ovarian follicle
differently from a contour line or color of a candidate
ovarian follicle from which an oocyte has not been
extracted, such that the first candidate ovarian follicle is
distinguished from the candidate ovarian follicle.

4. The method of claim 1, wherein the detecting of the
plurality of candidate ovarian follicles in the three-dimen-
sional ultrasound image comprises:

acquiring a value of the at least one parameter from the

three-dimensional ultrasound image; and

detecting an ovarian follicle for which the value of the at

least one parameter satisfies a predetermined range as
a candidate ovarian follicle.
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5. The method of claim 1, wherein the at least one
parameter is a parameter used for measuring at least one of
a size of an ovary and a length and a volume of an ovarian
follicle.

6. The method of claim 1, wherein the registering of the
two-dimensional ultrasound image to the three-dimensional
ultrasound image comprises registering the two-dimensional
ultrasound image to the three-dimensional ultrasound image
based on a value of the at least one parameter for the
plurality of candidate ovarian follicles detected in the three-
dimensional ultrasound image.

7. The method of claim 1, wherein the guiding of the
position of the at least one candidate ovarian follicle in the
two-dimensional ultrasound image comprises displaying, as
an oocyte is extracted from the at least one candidate ovarian
follicle in the two-dimensional ultrasound image, tracking
information of candidate ovarian follicles from which
oocytes have been extracted and candidate ovarian follicles
from which oocytes have not been extracted on the two-
dimensional ultrasound image.

8. The method of claim 1, wherein the guiding of the
position of the at least one candidate ovarian follicle in the
two-dimensional ultrasound image comprises:

acquiring position information of at least one structure
based on an anatomical structure within the ovarian
region; and

guiding, based on the position information of the at least
one structure, a route along which an oocyte is to be
extracted from the at least one candidate ovarian fol-
licle.

9. The method of claim 1, further comprising displaying,
as an oocyte is extracted from the at least one candidate
ovarian follicle in the two-dimensional ultrasound image,
the plurality of candidate ovarian follicles on the three-
dimensional ultrasound image in such a manner that candi-
date ovarian follicles where oocytes have been extracted are
distinguished from candidate ovarian follicles where
oocytes have not been extracted.

10. The method of claim 1, further comprising displaying,
on the three-dimensional ultrasound image, a position of the
first cross-section corresponding to the two-dimensional
ultrasound image.

11. The method of claim 1, wherein the guiding of the
position of the at least one candidate ovarian follicle in the
two-dimensional ultrasound image comprises guiding, after
a first oocyte is extracted from a first candidate ovarian
follicle among the at least one candidate ovarian follicle, a
position of a second candidate ovarian follicle from which a
second oocyte is subsequently to be extracted in the two-
dimensional ultrasound image.

12. The method of claim 1, further comprising:

determining, based on positions of the plurality of can-
didate follicles, a priority order of cross-sections
according to a decreasing order of probability of detect-
ing a candidate follicle from the ovarian region; and

obtaining a two-dimensional ultrasound image according
to the priority order of the cross-sections.

13. An ultrasound diagnosis apparatus comprising:

a probe configured to transmit ultrasound signals to an
ovarian region of an object and receive echo signals
reflected from the ovarian region;

a processor configured to obtain a three-dimensional
ultrasound image including the ovarian region based on
the echo signals, detect, based on at least one parameter
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used for extracting a particular oocyte, a plurality of
candidate ovarian follicles from which mature oocytes
are more likely to be extracted in the three-dimensional
ultrasound image, register a two-dimensional ultra-
sound image corresponding to a first cross-section of
the ovarian region to the three-dimensional ultrasound
image, and guide, based on a result of the registering,
aposition of at least one candidate ovarian follicle from
which an oocyte is to be extracted in the two-dimen-
sional ultrasound image;

a display displaying information for guiding the position

of the at least one candidate ovarian follicle; and

an oocyte extractor configured to extract an oocyte from

the at least one candidate ovarian follicle.

14. The ultrasound diagnosis apparatus of claim 13,
wherein the processor is further configured to control the
display to:

display, based on the result of the registering, the position

of the at least one candidate ovarian follicle from which
the oocyte is to be extracted in the two-dimensional
ultrasound image; and

display, when a first oocyte is extracted from a first

candidate ovarian follicle among the at least one can-
didate ovarian follicle via the oocyte extractor, infor-
mation indicating that the first oocyte has been
extracted from the first candidate ovarian follicle on the
two-dimensional ultrasound image.

15. The ultrasound diagnosis apparatus of claim 14,
wherein the processor is further configured to control the
display to display a contour line or color of the first
candidate ovarian follicle differently from a contour line or
color of a candidate ovarian follicle from which an oocyte
has not been extracted, such that the first candidate ovarian
follicle is distinguished from the candidate ovarian follicle.

16. The ultrasound diagnosis apparatus of claim 13,
wherein the processor is further configured to acquire a
value of the at least one parameter from the three-dimen-
sional ultrasound image and detect an ovarian follicle for
which the value of the at least one parameter satisfies a
predetermined range as a candidate ovarian follicle.

17. The ultrasound diagnosis apparatus of claim 13,
wherein the processor is further configured to register the
two-dimensional ultrasound image to the three-dimensional
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ultrasound image based on a value of the at least one
parameter for the plurality of candidate ovarian follicles
detected in the three-dimensional ultrasound image.

18. The ultrasound diagnosis apparatus of claim 13,
wherein the processor is further configured to control the
display to display, as an oocyte is extracted via the oocyte
extractor from the at least one candidate ovarian follicle in
the two-dimensional ultrasound image, tracking information
indicating tracking of candidate ovarian follicles from which
oocytes have been extracted and candidate ovarian follicles
from which oocytes have not been extracted on the two-
dimensional ultrasound image.

19. The ultrasound diagnosis apparatus of claim 13,
wherein the processor is further configured to control the
display to display, as an oocyte is extracted via the oocyte
extractor from the at least one candidate ovarian follicle in
the two-dimensional ultrasound image, the plurality of can-
didate ovarian follicles on the three-dimensional ultrasound
image in such a manner that candidate ovarian follicles
where oocytes have been extracted are distinguished from
candidate ovarian follicles where oocytes have not been
extracted.

20. A computer program stored in a computer-readable
recording medium to perform a method in combination with
an ultrasound diagnosis apparatus, the method comprising:

obtaining a three-dimensional ultrasound image including
an ovarian region;

detecting, based on at least one parameter used for
extracting a particular oocyte, a plurality of candidate
ovarian follicles from which mature oocytes are more
likely to be extracted in the three-dimensional ultra-
sound image;

registering a two-dimensional ultrasound image corre-
sponding to a first cross-section of the ovarian region to
the three-dimensional ultrasound image; and

guiding, based on a result of the registering, a position of
at least one candidate ovarian follicle from which an
oocyte is to be extracted in the two-dimensional ultra-
sound image.
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