EP 3 351 181 A1

(19)

(12)

(43)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3 351 181 A1

EUROPEAN PATENT APPLICATION

Date of publication:
25.07.2018 Bulletin 2018/30

Application number: 17190040.0

Date of filing: 08.09.2017

(51)

Int Cl.:

A61B 8/08 (2006.01) A61B 8/00 (2006.0)

(84)

(30)

(1)

(72)

Designated Contracting States:

AL AT BEBG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Designated Extension States:

BA ME

Designated Validation States:

MA MD

Priority: 18.01.2017 KR 20170008684

Applicant: Samsung Medison Co., Ltd.
Hongcheon-gun, Gangwon-do, 25108 (KR)

Inventors:
LEE, Jung-eun
25108 Gangwon-do (KR)

(74)

SHIN, Dong-kuk

25108 Gangwon-do (KR)
KOH, Dal-kwon

25108 Gangwon-do (KR)
JIN, Gil-ju

25108 Gangwon-do (KR)
OH, Soo-young

Seoul (KR)

HWANG, Han-sung
Seoul (KR)

Representative: D’Halleweyn, Nele Veerle Trees
Gertrudis

Arnold & Siedsma

Bezuidenhoutseweg 57

2594 AC The Hague (NL)

(54)

(57)

ULTRASOUND IMAGING APPARATUS AND ULTRASOUND IMAGE DISPLAY METHOD

An ultrasound imaging apparatus includes a

processor configured to set an internal orifice of an uterus
(108S) pointindicating the IOS of a cervix and an external
orifice of an uterus (EOS) point indicating the EOS of the
cervix, from a cervix line indicating a cervical canal, set
a region of interest (ROI) of the IOS and a ROI of the
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EOS based on the 10S point and the EOS point, and
calculate degrees of elasticity in the ROI of the I0S and
the ROI of the EOS, and a display configured to display
information indicating the degrees of elasticity in the ROI
of the I0S and the ROI of the EOS.

802

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 351 181 A1 2

Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2017-0008684, filed on Janu-
ary 18, 2017, in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its en-
tirety by reference.

BACKGROUND
1. Field

[0002] One or more embodiments relate to ultrasound
imaging apparatuses, ultrasound image display meth-
ods, and computer-readable recording media storing
program codes for executing the ultrasound image dis-
play methods.

2. Description of the Related Art

[0003] Ultrasound imaging apparatuses obtain at least
one image of a portion in an object, for example, soft
tissue or a blood flow, by irradiating ultrasound signals
generated by a transducer of a probe onto the object and
receiving information of signals reflected from the object.

SUMMARY

[0004] One or more embodiments include ultrasound
imaging apparatuses and ultrasound image display
methods, by which the risk of premature birth may be
more accurately determined by more accurately setting
aregion ofinterest (ROI) of an internal orifice of the uterus
(10S) and a ROl of an external orifice of the uterus (EOS).
[0005] One or more embodiments include ultrasound
imaging apparatuses and ultrasound image display
methods, by which a user may more easily check the risk
of premature birth by providing a degree of elasticity in
the set ROI of the 10S and the set ROI of the EOS in
various methods.

[0006] 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 presented embodiments.

[0007] According to one or more embodiments, an ul-
trasound imaging apparatus includes a processor con-
figured to set an internal orifice of an uterus (10S) point
indicating the I0OS of a cervix and an external orifice of
an uterus (EOS) point indicating the EOS of the cervix,
from a cervix line indicating a cervical canal, set a region
of interest (ROI) of the IOS and a ROI of the EOS based
on the IOS point and the EOS point, and calculate de-
grees of elasticity in the ROI of the IOS and the ROI of
the EOS, and a display configured to display information
indicating the degrees of elasticity in the ROI of the IOS
and the ROI of the EOS.
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[0008] The processor may set a ROI of the cervix in-
cluding the ROI of the 10S and the ROI of the EOS, and
calculate a degree of elasticity in the ROI of the cervix,
and the display may display information indicating the
degree of elasticity in the ROI of the cervix.

[0009] The processor may generate a first guide line
and a second guide line, each having a start point at the
I0S point, and set the ROI of the 10S based on the IOS
point and endpoints of the first guide line and the second
guide line, and generate a third guide line and a fourth
guide line, each having a start point at the EOS point,
and set the ROI of the EOS based on the EOS point and
endpoints of the third guide line and the fourth guide line.
[0010] The processor may determine a ROI of the cer-
vix based on the endpoints of the first guide line, the
second guide line, the third guide line, and the fourth
guide line, and the cervix line.

[0011] The processor may determine the ROI of the
cervix by connecting the endpoints of the first guide line,
the second guide line, the third guide line, and the fourth
guide line, the IOS point, and the EOS point, and a line
connecting the endpoint of the first guide line and the
endpoint of the third guide line and a line connecting the
endpoint of the second guide line and the endpoint of the
fourth guide line each have a shape of the cervix line.
[0012] The processor may receive an external input to
adjust positions of the endpoints of the first guide line
and the second guide line, set the ROI of the IOS based
on the endpoint of the first guide line and the endpoint of
the second guide line, whose positions are adjusted, and
the IOS point, receive an external input to adjust the po-
sitions of the endpoints of the third guide line and the
fourth guide line, and set the ROI of the EOS based on
the endpoint of the third guide line and the endpoint of
the fourth guide line, whose positions are adjusted, and
the EOS point.

[0013] The processor may set the ROI of the 10S and
the ROI of the EOS to have a fan shape or a polygonal
shape.

[0014] The display may display information about the
ROl ofthe IOS and the ROl of the EOS in an elastography
image with respect to an object to be overlapped on an
ultrasonic image.

[0015] The processor may calculate a cervical length
based on the cervix line, and the display may display the
cervical length with the information indicating the degrees
of elasticity in the ROl of the I0S and the ROl of the EOS.
[0016] The processor may determine a risk of prema-
ture birth based on the degrees of elasticity in the ROI
of the IOS and the ROI of the EOS, and the cervical
length, and the display may output a result of the deter-
mination of the risk of premature birth.

[0017] The ultrasound imaging apparatus may further
include a data acquirer configured to acquire ultrasound
data about an object including the cervix, wherein the
processor generates an ultrasonic image based on the
acquired ultrasound data.

[0018] According to one or more embodiments, an ul-
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trasound image display method includes setting an inter-
nal orifice of an uterus (I0S) point indicating the IOS of
a cervix and an external orifice of an uterus (EOS) point
indicating the EOS of the cervix, from a cervix line indi-
cating a cervical canal, setting a region of interest (ROI)
of the I0S and a ROI of the EOS based on the IOS point
and the EOS point, calculating degrees of elasticity in
the ROl ofthe IOS and the ROl of the EOS, and displaying
information indicating the degrees of elasticity in the ROI
of the IOS and the ROl of the EOS.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an em-
bodiment;

FIGS. 2A, 2B, and 2C are diagrams illustrating ultra-
sound imaging apparatuses according to various
embodiments;

FIG. 3 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an em-
bodiment;

FIG. 4 is an image showing a process of marking a
cervix line, according to an embodiment;

FIGS. 5A and 5B are images showing a process of
setting a region of interest (ROI) of an internal orifice
of the uterus (I0S), according to an embodiment;
FIGS. 6A and 6B are images showing a process of
setting a ROI of an I0S, according to another em-
bodiment;

FIGS. 7A and 7B are images showing a process of
setting a ROI of an external orifice of the uterus
(EOS), according to an embodiment;

FIG. 8 is an image showing a process of displaying
information indicating a degree of elasticity, accord-
ing to an embodiment;

FIGS. 9A to 9C are images showing a process of
displaying information indicating a degree of elastic-
ity, according to another embodiment; and

FIG. 10 is a flowchart for explaining an ultrasound
image display method according to an embodiment.

DETAILED DESCRIPTION

[0020] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present description.
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[0021] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present description. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items. Expressions such as "at
least one of," when preceding a list of elements, modify
the entire list of elements and do not modify the individual
elements of the list.

[0022] The terms used in this specification are those
general terms currently widely used in the art in consid-
eration 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 se-
lected terms will be described in detail in the detailed
description of the present specification. Thus, the terms
used herein have to be defined based on the meaning
of the terms together with the description throughout the
specification.

[0023] Throughout the specification, it will also be un-
derstood that when a component "includes" an element,
unless there is another opposite description thereto, it
should be understood that the component does not ex-
clude another element and may further include another
element. In addition, terms such as "... unit", "... module",
or the like refer to units that perform at least one function
or operation, and the units may be implemented as hard-
ware or software or as a combination of hardware and
software.

[0024] Throughout the specification, the term "image"
may refer to multi-dimensional data composed of discrete
image elements. For example, an image may be a med-
ical image (an ultrasound image, a computed tomogra-
phy (CT) image, or a magnetic resonance imaging (MRI)
image) of an object acquired by an ultrasound imaging
apparatus, a CT apparatus, an MRl apparatus, or another
medical imaging apparatus.

[0025] An "object" may be a human, an animal, or a
part of a human or animal. For example, the object may
be anorgan (e.g., the liver, the heart, the womb, the brain,
a breast, or the abdomen), a blood vessel, or a combi-
nation thereof. Also, the object may be a phantom, which
is a material having a density, an effective atomic
number, and a volume that are approximately the same
as those of an organism. For example, the phantom may
be a spherical phantom having properties similar to a
human body.

[0026] Anultrasoundimage may be animage obtained
by transmitting ultrasound signals generated by trans-
ducers of a probe to an object and receiving echo signals
reflected from the object. In addition, an ultrasound image
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may be variously implemented. For example, an ultra-
sound image may be at least one of an amplitude mode
(A mode) image, a brightness mode (B mode) image, a
color mode (C mode) image, and a Doppler mode (D
mode) image. Furthermore, according to one or more
embodiments, an ultrasound image may be a two-dimen-
sional image or a three-dimensional image.

[0027] 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 technolo-
gist, or a medical imaging expert, or a technician who
repairs medical apparatuses.

[0028] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings. In this regard, the present embodi-
ments may have different forms and should not be con-
strued as being limited to the descriptions set forth herein.
[0029] FIG. 1 is a block diagram showing a configura-
tion of an ultrasound imaging apparatus 100 according
to an embodiment.

[0030] Referring to FIG. 1, the ultrasound imaging ap-
paratus 100 according to an embodiment may include a
probe 20, an ultrasound transceiver 110, a controller 120,
an image processor 130, a display 140, a storage 150,
a communicator 160, and an input interface 170.
[0031] The ultrasound imaging apparatus 100 may be
of a cart-type or a portable-type ultrasound imaging ap-
paratus. Examples of the portable-type ultrasound imag-
ing apparatus 100 may include a smartphone, a laptop
computer, a personal digital assistant (PDA), and a tablet
personal computer (PC), each of which may include a
probe and an application, but embodiments are not lim-
ited thereto.

[0032] The probe 20 may include a plurality of trans-
ducers. The plurality of transducers may transmit ultra-
sound signals to an object 10 in response to transmitting
signals applied by a transmitter 113. The plurality of trans-
ducers may receive ultrasound signals reflected from the
object 10 to generate reception signals. In addition, the
probe 20 and the ultrasound imaging apparatus 100 may
be formedinone body, or the probe 20 and the ultrasound
imaging apparatus 100 may be formed separately but
linked wirelessly or via wires. In addition, the ultrasound
imaging apparatus 100 may include one or more probes
20 according to embodiments.

[0033] The controller 120 may control 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.

[0034] The controller 120 may control the receiver 115
to generate ultrasound data by converting reception sig-
nals received from the probe 20 from analogue to digital
signals and summing the digital reception signals based
on a position and a focal point of the plurality of trans-
ducers.

[0035] The image processor 130 may generate an ul-
trasound image by using ultrasound data generated from
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the receiver 115. For example, the image processor 130
may generate an ultrasound image by using envelope
information extracted from the receiver 115.

[0036] The display 140 may display the generated ul-
trasound image and various pieces of information proc-
essed by the ultrasound imaging apparatus 100. The ul-
trasound imaging apparatus 100 may include two or more
displays 140 according to embodiments. The display 140
may include a touch screen in combination with a touch
panel.

[0037] The controller 120 may control the operations
of the ultrasound imaging apparatus 100 and flow of sig-
nals between the internal elements of the ultrasound im-
aging apparatus 100. The controller 120 may include a
memory for storing a program or data to perform functions
of the ultrasound imaging 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 imaging apparatus
100 by receiving a control signal from the input interface
170 or an external apparatus.

[0038] The ultrasound imaging apparatus 100 may in-
clude the communicator 160 and may be connected to
external apparatuses, for example, servers, medical ap-
paratuses, and portable devices such as smart phones,
tablet personal computers (PCs), wearable devices, etc.,
via the communicator 160.

[0039] The communicator 160 may include atleastone
element capable of communicating with the external ap-
paratus. For example, the communicator 160 may in-
clude at least one among a short-range communication
module, a wired communication module, and a wireless
communication module.

[0040] The communicator 160 may receive a control
signal 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 imaging
apparatus 100 in response to the received control signal.
[0041] The controller 120 may transmit a control signal
to an external apparatus via the communicator 160 so
thatthe externalapparatus may be controlled inresponse
to the control signal of the controller 120.

[0042] Forexample, the external apparatus connected
to the ultrasound imaging apparatus 100 may process
data of the external apparatus in response to control sig-
nal of the controller 120 received via the communicator
160.

[0043] A program for controlling the ultrasound imag-
ing apparatus 100 may be installed in the external appa-
ratus. The program may include command languages to
perform part of operation of the controller 120 or the entire
operation of the controller 120.

[0044] The program may be pre-installed in the exter-
nal 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 ap-
plications may include a recording medium where the
program is stored.



7 EP 3 351 181 A1 8

[0045] The storage 150 may store various pieces of
data or programs for driving and controlling the ultra-
sound imaging apparatus 100, input and/or output ultra-
sound data, ultrasound images, applications, etc.
[0046] The input interface 170 may receive a user's
input to control the ultrasound imaging 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 manipulating buttons, keypads, mice, track
balls, jog switches, or knobs, inputs for touching a touch-
pad 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.

[0047] An example of the ultrasound imaging appara-
tus 100 according to the present exemplary embodiment
is described below with reference to FIGS. 2A, 2B, and
2C.

[0048] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound imaging apparatuses 100a, 100b, and 100c
according to various embodiments.

[0049] Referring to FIGS. 2A and 2B, each of ultra-
sound imaging apparatuses 100a and 100b 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
imaging apparatuses 100a and 100b. 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 imaging apparatuses 100a and
100b. For example, the main display 121 may display an
ultrasound image and the sub-display 122 may display
a control panel to control display of the ultrasound image
as a GUI. The sub-display 122 may receive an input of
data to control the display of animage through the control
panel displayed as a GUI. The ultrasound imaging ap-
paratuses 100a and 100b may control the display of the
ultrasound image on the main display 121 by using the
input control data.

[0050] Referring to FIG. 2B, the ultrasound imaging
apparatus 100b 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 imaging apparatus 100b from the user. For
example, the control panel 165 may include a time gain
compensation (TGC) button 171 and a freeze button 172.
The TGC button 171 is to seta 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 ultrasound imaging apparatus 100b may keep
displaying a frame image at that time point.

[0051] Thebuttons, 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.
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[0052] Referring to FIG. 2C, the ultrasound imaging
apparatus 100c may include a portable device. An ex-
ample of the portable ultrasound imaging apparatus 100c
may include, for example, smart phones including probes
and applications, laptop computers, personal digital as-
sistants (PDAs), or tablet PCs, but the present disclosure
is not limited thereto.

[0053] The ultrasound imaging 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 ultra-
sound image, various pieces of information processed
by the ultrasound imaging apparatus 100, and a GUI.
[0054] FIG. 3 is a block diagram of a configuration of
an ultrasound imaging apparatus 300 according to an
embodiment.

[0055] The ultrasound imaging apparatus 300 accord-
ing to the present embodiment may include a processor
320 and a display 330. In some embodiments, the ultra-
sound imaging apparatus 300 may further include a data
acquirer 310, in addition to the processor 320 and the
display 330.

[0056] The processor 320 of FIG. 3 may correspond
to at least one of the image processor 130 and the con-
troller 120 FIG. 1, or to a combination thereof. The display
330 may correspond to the display 140 of FIG. 1. The
data acquirer 310 may include the probe 20 of FIG. 1.
Furthermore, according to an embodiment, some of the
elements of the ultrasound imaging apparatus 100 of
FIG. 1 may be included in the ultrasound imaging appa-
ratus 300 of FIG. 3.

[0057] According to an embodiment, the data acquirer
310 may acquire ultrasound data about an object includ-
ing the cervix. For example, the data acquirer 310 may
irradiate ultrasound waves toward the object and detect
an echo signal, by using the probe 20.

[0058] The processor 320 may control an overall op-
eration of the ultrasound imaging apparatus 300 and
process data and signals. The processor 320 may in-
clude at least one hardware unit. The processor 320 ac-
cording to an embodiment may include a separated hard-
ware unit that functions as an image processor and a
controller. The processor 320 may be operated by one
or more software module generated by executing pro-
gram codes stored in memory.

[0059] The processor 320 according to anembodiment
sets an internal orifice of the uterus (I0OS) point indicating
the 10S of the cervix and an external orifice of the uterus
(EOS) pointindicating the EOS of the cervix, from a cervix
line indicating a cervical canal.

[0060] For example, the processor 320 may receive
an external input to select a plurality of points according
to the shape of the cervical canal in an ultrasonic image
showing the object including the cervix. The processor
320 may determine a cervix line based on the selected
points. The processor 320 may set an 10S point and an
EOS point from the determined cervix line. For example,
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the processor 320 may set points located at opposite
ends of the points selected according to the shape of the
cervical canal to be the IOS point and the EOS point.
[0061] The processor 320 according to anembodiment
may set regions of interest of the |OS and the EOS based
on the 10S point and the EOS point.

[0062] The processor 320 may generate guide lines
based on the 10S point to set a region of interest (ROI)
of the 10S. For example, the processor 320 may auto-
matically generate a first guide line and a second guide
line, each having a start point at the IOS point. For ex-
ample, the first guide line may be generated to have a
start point at the IOS point in a direction perpendicular
to the cervix line, and the second guide line may be gen-
erated to have a start point at the 10S point in a direction
opposite to the direction of the first guide line.

[0063] The processor 320 may set a ROI of the IOS
that the user desires, by adjusting the positions of end-
points of the first guide line and the second guide line.
For example, the processor 320 may receive an external
input to adjust the position of the endpoint of the first
guide line. For example, the processor 320 may receive
an external input to move the endpoint of the first guide
line to a position indicating a boundary of the cervix, and
in response to the received external input, may move the
position of the endpoint of the first guide line. Further-
more, the processor 320 may receive an external input
to move the endpoint of the second guide line, and in
response to the received external input, may move the
position of the endpoint of the second guide line. For
example, the processor 320 may move the endpoint of
the second guide line to a position indicating another
boundary of the cervix. Accordingly, the processor 320
may move the endpoint of the first guide line and the
endpoint of the second guide line to the positions indi-
cating the boundaries of the cervix.

[0064] The processor 320 according to anembodiment
may set a ROI of the 10S based on the 10S point, the
endpoint of the first guide line, and the endpoint of the
second guide line. For example, the ROI of the IOS may
be set to have a fan shape having the center of a circle
at the 10S point. However, according to embodiments,
the ROI of the IOS may be set to have a polygonal shape,
but the present disclosure is not limited thereto.

[0065] AROIofthe EOS may be setin amethod similar
to the method of setting the ROI of the IOS.

[0066] The processor 320 may generate guide lines
based on the EOS point in order to set the ROI of the
EOS. For example, the processor 320 may automatically
generate a third guide line and a fourth guide line, each
having a start point at the EOS point. For example, the
third guide line may be generated to have a start point
atthe EOS point in a direction perpendicular to the cervix
line, and the fourth guide line may be generated to have
a start point at the IOS pointin a direction opposite to the
direction of the third guide line.

[0067] The processor 320 may set a ROI of the EOS
that the user desires, by adjusting the position of end-
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points of the third guide line and the fourth guide line. For
example, the processor 320 may move the endpoints of
the third guide line and the fourth guide line to the posi-
tions indicating the boundaries of the cervix, based on
the external input. A detailed description thereof is pre-
sented below with reference to FIGS. 7A and 7B.
[0068] The processor 320 according to anembodiment
may set a ROl of the EOS based on the EOS point, the
endpoint of the third guide line, and the endpoint of the
fourth guide line. For example, the ROI of the EOS may
be set to have a fan shape having the center of a circle
at the EOS point.

[0069] The processor 320 according to anembodiment
may determine a ROI of the cervix including the ROI of
the 10S and the ROI of the EOS.

[0070] The processor 320 according to anembodiment
may set the ROI of the cervix based on the cervix line,
the endpoints of the first and second guide lines used to
set the ROl of the I0S, and the endpoints of the third and
fourth guide lines used to set the ROI of the EOS. For
example, the processor 320 may determine the ROI of
the cervix by connecting the I0S point, the EOS point,
and the endpoints of the first guide line, the second guide
line, the third guide line, and the fourth guide line. In this
state, the processor 320 may connect the endpoints of
first guide line and the third guide line such that a line
connecting the endpoints of the first and third guide lines
may have a form of the cervix line. Furthermore, the proc-
essor 320 may connect the endpoints of second guide
line and the fourth guide line such that a line connecting
the endpoints of the second and fourth guide lines may
have a form of the cervix line.

[0071] The processor 320 according to an embodiment
may calculate degrees of elasticity in the ROI of the I0S
and the ROI of the EOS. For example, the processor 320
may extract information about the ROI of the 10S and
the ROI of the EOS from an elastography image showing
the same object as the ultrasonic image. Alternatively,
the processor 320 may calculate a representative value
representing a degree of elasticity of each region with
respect to the ROI of the IOS and the ROI of the EOS.
For example, each representative value may signify an
average of elasticity values of each region.

[0072] The processor 320 according to anembodiment
may calculate the cervical length based on the cervix
line. Furthermore, the processor 320 may determine the
risk of premature birth based on the degrees of elasticity
in the ROI of the 10S and the ROI of the EOS and the
cervical length.

[0073] The display 330 may display an operation state
of the ultrasound imaging apparatus 300, the ultrasonic
image, and a user interface screen. The display 330 may
include one or more display panels according to embod-
iments. According to an embodiment, the display 330
may be implemented in form of a touch screen.

[0074] The display 330 according to an embodiment
may display information indicating the degrees of elas-
ticity in the ROI of the IOS and the ROI of the EOS. Fur-
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thermore, the display 330 may display information indi-
cating a degree of elasticity in the ROI of the cervix. For
example, the display 330 may display the elasticity value
in each ROI in form of text, or in a preset color corre-
sponding to the elasticity value. According to another em-
bodiment, the display 330 may display the information
about the ROI of the IOS and the ROI of the EOS in the
elastography image to be overlapped with the ultrasonic
image. Alternatively, the display 330 may display the ROI
of the 10S and the ROI of the EOS in a preset color ac-
cording to the representative value representing the de-
gree of elasticity in each of the ROI of the 10S and the
ROI of the EOS.

[0075] The display 330 according to an embodiment
may display the cervical length with information indicating
the degrees of elasticity in the ROI of the I0S and the
ROI of the EOS. Accordingly, the ultrasound imaging ap-
paratus 300 may enable the user to check information
needed for determining the risk of premature birth. Fur-
thermore, the display 330 may output a result of the risk
of premature birth determined by the processor 320.
[0076] FIG.4isanimage showingaprocess of marking
the cervix line, according to an embodiment.

[0077] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may receive an external input to
select a plurality of points according to the shape of the
cervical canal in the ultrasonic image showing the object
including the cervix. For example, as illustrated in FIG.
4, the ultrasound imaging apparatus 300 may receive
external inputs to select four (4) points in an ultrasonic
image 401 according to the shape of the cervical canal.
[0078] Theultrasoundimaging apparatus 300 may dis-
play a cervix line 430 based on the four points selected
through the external input. For example, the ultrasound
imaging apparatus 300 may display the cervix line 430
by connecting the selected four points.

[0079] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may set two points at the opposite
ends of the cervix line 430, respectively, to be an I0S
point 410 and an EOS point 420. The IOS point 410 may
signify a point indicating the internal OS of the cervix,
whereas the EOS point 420 may signify a point indicating
the external OS of the cervix. For example, among the
points illustrated in FIG. 4, the processor 320 may set a
point located inside the cervix to be the IOS point 410
and a point located outside the cervix to be the EOS point
420.

[0080] When displaying both the ultrasonic image 401
and the elastography image 402, the ultrasound imaging
apparatus 300 according to an embodiment may display
the points selected in the ultrasonic image 401, also in
the elastography image 402. Furthermore, when the cer-
vix line 430 is displayed on the ultrasonic image 401, the
ultrasound imaging apparatus 300 may display the cervix
line at a position corresponding to the elastography im-
age 402 (440).

[0081] FIGS. 5A and 5B are images showing a process
of setting the ROI of the 10S, according to an embodi-
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ment.

[0082] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may compare degrees of elasticity
between the 10S and the EOS to determine the risk of
premature birth. In order to compare the degrees of elas-
ticity between the I0S and the EOS, a process of setting
the ROI of the I0S and the ROl of the EOS is necessary.
[0083] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may generate guide lines to set
the ROI of the 10S. For example, referring to FIG. 5A, a
first guide line 511 needed to set the ROI of the IOS may
be automatically generated with a start point at an 10S
point 510 indicating the 10S in an ultrasonic image 501.
For example, as illustrated in FIG. 5A, the first guide line
511 may be generated in a direction perpendicular to the
cervix line from the 10S point 510 as a start point. Ac-
cording to an embodiment, the first guide line 511 may
be generated in a direction preset by the ultrasound im-
aging apparatus 300 from the IOS point 510 as a start
point.

[0084] The ultrasound imaging apparatus 300 accord-
ing to an embodiment the position of an endpoint 512 of
thefirst guide line 511 to set the ROl of the IOS in a shape
desired by the user. In this state, the ultrasound imaging
apparatus 300 may move the endpoint 512 of the first
guide line 511 to an adjusted position in response to an
external input to adjust the position of the endpoint 512
of the first guide line 511. For example, the ultrasound
imaging apparatus 300 may receive an external input to
move the endpoint 512 of the first guide line 511 to a
position indicating the boundary of the cervix. The exter-
nal input may be an input to move the position of the
endpoint 512 of the first guide line 511 by using, for ex-
ample, a trackball. Alternatively, when the display 330
displaying the ultrasonic image 501 is implemented by a
touch screen, the external input may include a pressure
of touching a certain position.

[0085] Furthermore, referring to FIG. 5A, the ultra-
sound imaging apparatus 300 may automatically gener-
ate a second guide line 515 needed to set the ROI of the
IOS having a center at the IOS point 510 indicating the
I0S in the ultrasonicimage 501. For example, the second
guide line 515 may be generated in a direction opposite
to the direction of the first guide line 511, from the I0S
point 510 as a center point.

[0086] As the second guide line 515 is automatically
generated, the ultrasound imaging apparatus 300 may
display an expected ROI of the IOS 520 based on an
endpoint 514 of a first guide line 513 and an endpoint
516 of the second guide line 515, whose positions are
adjusted. Since the ROI of the IOS is not fixed, the ultra-
sound imaging apparatus 300 may display the expected
ROI of the 10S 520 to be distinguished from a fixed ROI
of the IOS. For example, referring to FIG. 5A, the ultra-
sound imaging apparatus 300 may indicate the expected
ROl of the IOS 520 by using a dotted line in order to show
that the expected ROI of the I0S 520 is not the fixed ROI
of the 10S.
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[0087] When displaying both of the ultrasonic image
501 and an elastography image 502, the ultrasound im-
aging apparatus 300 according to an embodiment may
display, on the elastography image 502, the 10S point
510, the first guide lines 511 and 513, the second guide
line 515, and the expected ROI of the I0S 520, which
are displayed on the ultrasonic image 501.

[0088] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may receive an external input to
adjust the position of the endpoint 516 of the second
guide line 515, to set the ROI of the 10S as the user
desires. For example, the ultrasound imaging apparatus
300 may receive an external input to move the endpoint
516 of the second guide line 515 to a position indicating
the boundary of the cervix. The ultrasound imaging ap-
paratus 300, in response to the received external input,
may move the position of the endpoint 516 of the second
guide line 515.

[0089] Referring to FIG. 5B, the ultrasound imaging
apparatus 300 may set a ROI of the IOS 530 based on
the endpoint 514 of the first guide line 513 and an end-
point 518 of a second guide line 517, whose positions
are adjusted, and the 10S point 510. For example, the
ROI of the 10S 530 may have a fan shape having the
center of a circle at the 10S point 510. In this state, the
radius of the circle may be a value preset according to
an internal instruction of the ultrasound imaging appara-
tus 300. For example, the ROI of the IOS 530 may be
set to have a fan shape having the center of a circle at
the I0S point 510 and the radius of about 1 cm, but the
presentdisclosure is not limited thereto. In some embod-
iments, the radius of the circle may be changed according
to the external input, and the ROI of the I0S 530 may be
set to have a polygonal shape not a circular shape.
[0090] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may display the ROI of the IOS
530 that is set. For example, the ultrasound imaging ap-
paratus 300 may set the ROI of the I0S 530, which is set
based on the endpoint 514 of the first guide line 513 and
the endpoint 518 of the second guide line 517, whose
positions are adjusted, to be a fixed ROI of the 10S. Fur-
thermore, the ultrasound imaging apparatus 300 may dis-
play the fixed ROI of the 10S to be distinguished from an
expected ROI of the IOS. For example, the ultrasound
imaging apparatus 300 may display the fixed ROI of the
I0S by using a solid line or by using a certain color for
highlight.

[0091] FIGS. 6A and 6B are images showing a process
of setting a ROI of the 10S, according to another embod-
iment.

[0092] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may set a ROI of the 10S based
on the endpoints of the first and second guide lines, and
the 10S point. Accordingly, the ROI of the I0S may be
set differently according to the positions of the endpoints
of the first and second guide lines. In order to more ac-
curately set the ROI of the IOS, the ultrasound imaging
apparatus 300 may adjust the positions of the endpoint
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of the first guide line and the endpoint of the second guide
line needed to set the ROI of the IOS. For example, in
order to set an area corresponding to the I0S of the cervix
to be a ROI of the IOS in the ultrasonic image, the ultra-
sound imaging apparatus 300 may adjust the endpoint
of the first guide line and the endpoint of the second guide
line to be located at positions indicating the boundary of
the cervix.

[0093] For example, referring to FIG. 6A, the ultra-
sound imaging apparatus 300 may automatically gener-
ate a first guide line 620 having a start point at an 10S
point 610 in an ultrasonic image 600. For example, the
first guide line 620 may be generated in a direction per-
pendicular to a cervix line 601 from the 10S point 610 as
a start point. In this state, the ultrasound imaging appa-
ratus 300 may move an endpoint 621 of the first guide
line 620 to a position 622 indicating the boundary of the
cervix.

[0094] Furthermore, referring to FIG. 6B, the ultra-
sound imaging apparatus 300 may automatically gener-
ate a second guide line 630 having a start point at the
I0S point610 in the ultrasonicimage 600. The ultrasound
imaging apparatus 300 may move an endpoint 631 of
the second guide line 630 that is automatically generated
to a position 632 indicating the boundary of the cervix.
[0095] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may set a ROI of the I0S 650
based on an endpoint 640 of the first guide line and an
endpoint 641 of the second guide line, whose positions
are adjusted, and the 10S point 610. Accordingly, the
ultrasound imaging apparatus 300 may more accurately
set a ROI of the IOS needed for determining the risk of
premature birth, by adjusting the positions of the endpoint
621 of the first guide line 620 and the endpoint 631 of
the second guide line 630, which are automatically gen-
erated.

[0096] FIGS.7Aand 7B areimages showing a process
of setting a ROl of the EOS, according to an embodiment.
[0097] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may generate guide lines to set
the ROl of the EOS. For example, the ultrasound imaging
apparatus 300 automatically generate a third guide line
needed to set the ROI of the EOS having a center at the
EOS point indicating the EOS in the ultrasonic image.
The ultrasound imaging apparatus 300 may receive an
external input to move the position of an end portion of
the third guide line, in order to set the ROI of the EOS in
a form as the user desires.

[0098] Referring to FIG. 7A, the ultrasound imaging
apparatus 300 according to an embodiment may auto-
matically generate a third guide line 721 having a start
point at an EOS point 720 in an ultrasonic image 701.
The ultrasound imaging apparatus 300 may move the
endpoint 722 of the third guide line 721 in response to
an external input to adjust the position of an endpoint 722
of the third guide line 721. Furthermore, the ultrasound
imaging apparatus 300 may automatically generate a
fourth guide line 723 with respect to the EOS point 720
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as the position of the endpoint 722 of the third guide line
721 is adjusted.

[0099] Referring to FIG. 7B, the ultrasound imaging
apparatus 300 according to an embodiment may receive
an external input to move the position of an endpoint 724
of the fourth guide line 723, to set the ROI of the EOS in
a form as the user desires. The ultrasound imaging ap-
paratus 300 may set a ROI of the EOS 760 based on an
endpoint 742 of a third guide line 741 and an endpoint
744 of a fourth guide line 743, whose positions are ad-
justed, and the EOS point 720.

[0100] Furthermore, the ultrasound imaging apparatus
300 according to an embodiment may determine a ROI
ofthe cervix 770 based on an 10S point 710 and the EOS
point 720, the endpoint of a first guide line 711 having an
adjusted position, the endpoint of the second guide line
712, the endpoint 742 of the third guide line 741, the
endpoint 744 of the fourth guide line 743, and the ROI of
the cervix 770. For example, the ultrasound imaging ap-
paratus 300 may determine the ROI of the cervix 770 by
connecting the IOS point 710 and the EOS point 720, the
endpoints of the first guide line 711, the second guide
line 712, the third guide line 741, and the fourth guide
line 743. In this state, the ultrasound imaging apparatus
300 may connect the endpoint of the first guide line 711
and the endpoint 742 of the third guide line 741 such that
a line connecting the endpoint of the first guide line 711
and the endpoint 742 of the third guide line 741 has a
form of the cervix line. Furthermore, the ultrasound im-
aging apparatus 300 may connect the endpoint of the
second guide line 712 and the endpoint 744 of the fourth
guide line 743 such that a line connecting the endpoint
of the second guide line 712 and the endpoint 744 of the
fourth guide line 743 has a form of the cervix line.
[0101] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may display the determined ROI
of the cervix 770 in the ultrasonic image 701 or the elas-
tography image 702. Furthermore, when displaying both
of the ultrasonic image 701 and the elastography image
702, the ultrasound imaging apparatus 300 may display
a ROl of the IOS 750, the ROI of the EOS 760, and the
ROI of the cervix 770 displayed in the ultrasonic image
701, also in the elastography image 702 (780).

[0102] FIG. 8 is an image showing a process of dis-
playing information indicating a degree of elasticity, ac-
cording to an embodiment.

[0103] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may display information indicating
a degree of elasticity in a ROl of the I0OS 810 and a ROI
of the EOS 820. For example, referring to FIG. 8, the
ultrasound imaging apparatus 300 may display informa-
tion indicating degrees of elasticity in the ROI of the I0S
810 and the ROI of the EOS 820 in a text format 830.
For example, the information indicating the degree of
elasticity may include a representative value represent-
ing the degrees of elasticity in the ROI of the 10S 810
and the ROI of the EOS 820 or a ratio of a degree of
elasticity inthe ROl of the IOS 810 to adegree of elasticity
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in the ROI of the EOS 820, but the present disclosure is
notlimited thereto. For example, the representative value
may signify an average of the elasticity values.

[0104] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may calculate the cervical length
from the cervix line, and display the calculated cervical
length with the information indicating the degrees of elas-
ticity in the ROI of the I0S 810 and the ROI of the EOS
820. For example, referring to FIG. 8, the ultrasonic im-
aging apparatus 300 may display in a text format 830
thatthe cervical length is 2.3cm, the representative value
indicating the degree of elasticity in the ROI of the 10S
810 is 0.61, the representative value representing the
degree of elasticity in the ROI of the EOS 820 is 0.78,
and a ratio of the degree of elasticity in the ROI of the
IOS 810 to the degree of elasticity in the ROI of the EOS
820 is 0.78. Accordingly, as the ultrasound imaging ap-
paratus 300 displays various pieces of information need-
ed to determine the risk of premature birth, user conven-
ience may be improved.

[0105] Furthermore, the ultrasound imaging apparatus
300 according to an embodiment may determine the risk
of premature birth based on the degrees of elasticity in
the ROI of the 10S 810 and the ROI of the EOS 820 and
the cervical length. For example, the ultrasound imaging
apparatus 300 may determine that the risk of premature
birth is high as the degree of elasticity in the ROI of the
EOS 820 is higher than the degree of elasticity in the ROI
of the 10S 810. Furthermore, the ultrasound imaging ap-
paratus 300 may determine that the risk of premature
birth is high as the cervical length is less than a critical
value. For example, assuming that a pregnant woman is
at 18 to 22 weeks, if the cervical length is less than 25
mm, the ultrasound imaging apparatus 300 may deter-
mine that the risk of premature birth is over 50%, but the
present disclosure is not limited thereto.

[0106] Furthermore, the ultrasound imaging apparatus
300 according to an embodiment may display a result of
the determination of the risk of premature birth. For ex-
ample, the ultrasound imaging apparatus 300 may dis-
play a result of the determination of the risk of premature
birth by a percentage or a certain value, but the present
disclosure is not limited thereto.

[0107] FIGS. 9A to 9C are images showing a process
of displaying information indicating a degree of elasticity,
according to another embodiment.

[0108] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may display information about a
ROI of the 10S, a ROI of the EOS, and an ROI of the
cervix to be overlapped on an ultrasonicimage in an elas-
tography image of an object.

[0109] Referring to FIG. 9A, as a ROI of the I0S 910
and a ROI of the EOS 911 are set and an ROI of the
cervix 912 is determined, the ultrasound imaging appa-
ratus 300 may display portions corresponding to the ROI
of the 10S 910, the ROI of the EOS 911, and the ROI of
the cervix912in an elastography image, to be overlapped
on an ultrasonic image 900. In this state, the ultrasound
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imaging apparatus 300 may display an indicator indicat-
ing colors mapped according to an elasticity value. For
example, referring to FIG. 9A, the ultrasound imaging
apparatus 300 may display colors mapped according to
the elasticity value, in form of a bar 920. Accordingly, the
user may more easily determine a level of elasticity in
each ROI, by referring to the displayed indicator.
[0110] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may display information about a
selected ROI from among the ROI of the 10S, the ROI
of the EOS, and the ROI of the cervix in the elastography
image, to be overlapped on the ultrasonic image. For
example, in order to determine the risk of premature birth,
the user may check the degrees of elasticity only in the
ROl of the I0S and the ROI of the EOS. In this state, the
ultrasound imaging apparatus 300 may display informa-
tion about the ROI of the 10S and the ROI of the EOS in
the elastography image, to be overlapped on the ultra-
sonic image. Referring to FIG. 9B, the ultrasonic imaging
apparatus 300 may display portions corresponding to a
ROI of the I0S 940 and a ROI of the EOS 941 in the
elastography image, to be overlapped on an ultrasonic
image 930. Accordingly, the user may more easily com-
pare the degrees of elasticity in the ROI of the I0S 940
and the ROI of the EOS 941.

[0111] The ultrasound imaging apparatus 300 accord-
ing to an embodiment may calculate the representative
value representing the degrees of elasticity in the ROI of
the 10S and the ROI of the EOS, and display a preset
color corresponding to the calculated representative val-
ue to be overlapped on the ultrasonic image or the elas-
tography image. In this state, the ultrasound imaging ap-
paratus 300 may determine a color corresponding to the
amount of a representative value, according to the
amount of the representative value, and display the ROI
ofthe I0S and the ROl of the EOS inthe determined color.
[0112] Forexample, asillustrated in FIG. 9C, when the
representative value representing the degree of elasticity
in a ROI of the 10S 960 is 0.61 and the representative
value representing the degree of elasticity in a ROl of the
EOS 961 is 0.78, the ultrasound imaging apparatus 300
may determine a color corresponding to a representative
value of 0.61 and a color corresponding to a represent-
ative value of 0.78, respectively, to be red and blue. The
ultrasound imaging apparatus 300 may display a red
color to be overlapped over the ROI of the IOS 960 of an
elastography image 950 and a blue color to be over-
lapped over the ROI of the EOS 961 of the elastography
image 950. Accordingly, the user may more easily com-
pare the degrees of elasticity in the ROI of the I0S 960
and the ROI of the EOS 961, through the difference in
color displayed in the ROI of the I0S 960 and the ROI of
the EOS 961.

[0113] FIG. 10 is a flowchart for explaining an ultra-
sound image display method according to an embodi-
ment.

[0114] The respective operations of an ultrasound im-
age display method may be performed by an ultrasound

10

15

20

25

30

35

40

45

50

55

10

imaging apparatus including a processor capable of im-
age processing and a storage medium. In the present
specification, an embodimentin which the ultrasound im-
aging apparatus 300 according to the above embodi-
ments performs the ultrasound image display method is
mainly described. Accordingly, the embodiments de-
scribed with respect to the ultrasound imaging apparatus
300 may be applied to the ultrasound image display meth-
od, and reversely, an embodiment to be described below
with respect to the ultrasound image display method may
be applied to the above-described embodiments of the
ultrasound imaging apparatus 300. The ultrasound im-
age display method according to the present embodi-
ment is not limited to one being performed by the ultra-
sound imaging apparatus 300 according to the above
embodiments, but may be performed by various types of
ultrasound imaging apparatuses. Any redundant descrip-
tion presented for the ultrasound imaging apparatus 300
is omitted.

[0115] In S1000, the ultrasound imaging apparatus
300 according to an embodiment may set an I0OS point
and an EOS point from a cervix line.

[0116] In S1010, the ultrasound imaging apparatus
300 according to an embodiment may set a ROI of the
IOS and a ROI of the EOS based on the 10S point and
the EOS point.

[0117] To setthe ROI of the 10S, the ultrasound imag-
ing apparatus 300 may generate a first guide line and a
second guide line, each having a start point at the 10S
point. In order to more accurately set the ROI of the I0S,
the ultrasound imaging apparatus 300 may receive an
external input to adjust the positions of endpoints of the
first guide line and the second guide line. The ultrasound
imaging apparatus 300 may set the ROl of the I0S based
on the endpoint of the first guide line and the endpoint of
the second guide line, whose positions are adjusted, and
the 10S point.

[0118] Furthermore, to set the ROI of the EOS, the
ultrasound imaging apparatus 300 may generate a third
guide line and a fourth guide line, each having a start
point at the EOS point. In order to more accurately set
the ROI of the EOS, the ultrasound imaging apparatus
300 may receive an external input to adjust the positions
of endpoints of the third guide line and the fourth guide
line. The ultrasound imaging apparatus 300 may set the
ROI of the EOS based on the endpoint of the third guide
line and the endpoint of the fourth guide line, whose po-
sitions are adjusted, and the EOS point. For example,
the ultrasound imaging apparatus 300 may set the ROI
of the 10S and the ROI of the EOS, respectively having
a fan shape having the center of a circle at the I0OS point
and the EOS point.

[0119] Furthermore, the ultrasound imaging apparatus
300 according to an embodiment may set a ROI of the
cervix including the set ROI of the 10S and ROI of the
EOS. For example, the ultrasound imaging apparatus
300 may determine the ROI of the cervix based on the
endpoints of the first guide line, the second guide line,



19 EP 3 351 181 A1 20

the third guide line, and the fourth guide line, and the
cervix line. For example, the ultrasound imaging appa-
ratus 300 may connect the endpoint of the first guide line
and the endpoint of the third guide line such that a line
connecting the endpoint of the first guide line and the
endpoint of the third guide line may have a form of the
cervix line. Furthermore, the ultrasound imaging appa-
ratus 300 may connect the endpoint of the second guide
line and the endpoint of the fourth guide line such that a
line connecting the endpoint of the second guide line and
the endpoint of the fourth guide line may have a form of
the cervix line. The ultrasound imaging apparatus 300
may determine the ROI of the cervix by connecting the
endpoints of the first guide line, the second guide line,
the third guide line, and the fourth guide line, and the 10S
point and the EOS point.

[0120] In S1020, the ultrasound imaging apparatus
300 may calculate the degrees of elasticity in the ROI of
the I0S and the ROI of the EOS.

[0121] Forexample, the ultrasound imaging apparatus
300 may extract information about the ROI of the IOS
and the ROI of the EOS from an elastography image
showing the same object as that in an ultrasonic image.
According to another embodiment, the ultrasound imag-
ing apparatus 300 may calculate a representative value
representing the degree of elasticity in each of the ROI
of the 10S and the ROI of the EOS. Furthermore, the
ultrasound imaging apparatus 300 may calculate the cer-
vical length based on the cervix line.

[0122] Furthermore, according to the present embod-
iment, the ultrasound imaging apparatus 300 may deter-
mine the risk of premature birth based on the degrees of
elasticity in the ROI of the I0S and the ROI of the EOS,
and the cervical length.

[0123] In SI030, the ultrasound imaging apparatus 300
may display information indicating the degrees of elas-
ticity in the ROI of the 10S and the ROI of the EOS.
[0124] Forexample, the ultrasound imaging apparatus
300 may display information indicating the degrees of
elasticity in the ROI of the 10S and the ROI of the EOS
in a text form. According to another embodiment, the ul-
trasound imaging apparatus 300 may display information
about the ROI of the IOS and the ROI of the EOS in the
elastography image to be overlapped on the ultrasonic
image. Furthermore, the ultrasound imaging apparatus
300 may display the cervical length with the information
indicating the degrees of elasticity in the ROI of the IOS
and the ROI of the EOS. Furthermore, the ultrasound
imaging apparatus 300 may output a result of the deter-
mination of the risk of premature birth. For example, the
ultrasound imaging apparatus 300 may display informa-
tion indicating the risk of premature birth by a percentage
oracertain value, but the presentdisclosure is not limited
thereto.

[0125] It should be understood that embodiments de-
scribed herein should be considered in a descriptive
sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment
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should typically be considered as available for other sim-
ilar features or aspects in other embodiments.

[0126] While one or more embodiments have been de-
scribed 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 depart-
ing from the spirit and scope as defined by the following
claims.

Claims
1. An ultrasound imaging apparatus comprising:

a processor configured to set an internal orifice
of an uterus (I0S) point indicating the 10S of a
cervix and an external orifice of an uterus (EOS)
point indicating the EOS of the cervix, from a
cervix line indicating a cervical canal, set a re-
gion of interest (ROI) of the I0S and a ROI of
the EOS based on the 10S point and the EOS
point, and calculate degrees of elasticity in the
ROI of the IOS and the ROI of the EOS; and

a display configured to display information indi-
cating the degrees of elasticity in the ROI of the
IOS and the ROI of the EOS.

2. Theultrasoundimaging apparatus of claim 1, where-
in the processor sets a ROI of the cervix including
the ROI of the 10S and the ROI of the EOS, and
calculates a degree of elasticity in the ROI of the
cervix, and
the display displays information indicating the de-
gree of elasticity in the ROI of the cervix.

3. Theultrasound imaging apparatus of claim 1, where-
in the processor generates a first guide line and a
second guide line, each having a start point at the
I0S point, and sets the ROI of the IOS based on the
I0S point and endpoints of the first guide line and
the second guide line, and generates a third guide
line and a fourth guide line, each having a start point
at the EOS point, and sets the ROI of the EOS based
on the EOS point and endpoints of the third guide
line and the fourth guide line.

4. Theultrasound imaging apparatus of claim 3, where-
in the processor determines a ROI of the cervix
based on the endpoints of the first guide line, the
second guide line, the third guide line, and the fourth
guide line, and the cervix line.

5. Theultrasoundimaging apparatus of claim 4, where-
in the processor determines the ROI of the cervix by
connecting the endpoints of the first guide line, the
second guide line, the third guide line, and the fourth
guide line, the 10S point, and the EOS point, and
a line connecting the endpoint of the first guide line
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and the endpoint of the third guide line and a line
connecting the endpoint of the second guide line and
the endpoint of the fourth guide line each have a
shape of the cervix line.

The ultrasound imaging apparatus of claim 3, where-
in the processor receives an external input to adjust
positions of the endpoints of the first guide line and
the second guide line,

sets the ROl of the I0S based on the endpoint of the
first guide line and the endpoint of the second guide
line, whose positions are adjusted, and the IOS point,
receives an external input to adjust the positions of
the endpoints of the third guide line and the fourth
guide line, and

sets the ROI of the EOS based on the endpoint of
the third guide line and the endpoint of the fourth
guide line, whose positions are adjusted, and the
EOS point.

The ultrasound imaging apparatus of claim 1, where-
in the processor sets the ROI of the IOS and the ROI
ofthe EOS to have afan shape or a polygonal shape.

The ultrasound imaging apparatus of claim 1, where-
in the display displays information about the ROI of
the 10S and the ROI of the EOS in an elastography
image with respect to an object to be overlapped on
an ultrasonic image.

The ultrasound imaging apparatus of claim 1, where-
in the processor calculates a cervical length based
on the cervix line, and

the display displays the cervical length with the in-
formation indicating the degrees of elasticity in the
ROI of the I0S and the ROI of the EOS.

The ultrasound imaging apparatus of claim 9, where-
in the processor determines a risk of premature birth
based on the degrees of elasticity in the ROI of the
I0S and the ROI of the EOS, and the cervical length,
and

the display outputs a result of the determination of
the risk of premature birth.

The ultrasound imaging apparatus of claim 1, further
comprising a data acquirer configured to acquire ul-
trasound data about an object including the cervix,
wherein the processor generates an ultrasonic im-
age based on the acquired ultrasound data.

An ultrasound image display method comprising:

setting an internal orifice of an uterus (I0S) point
indicating the I0S of a cervix and an external
orifice of an uterus (EOS) point indicating the
EOS of the cervix, from a cervix line indicating
a cervical canal,
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setting a region of interest (ROI) of the I0S and
a ROI of the EOS based on the 10S point and
the EOS point,

calculating degrees of elasticity in the ROl of the
I0S and the ROI of the EOS; and

displaying information indicating the degrees of
elasticity in the ROI of the 10S and the ROI of
the EOS.

. The ultrasound image display method of claim 12,
further comprising:

setting a ROI of the cervix including the ROI of
the IOS and the ROI of the EOS;

calculating a degree of elasticity in the ROI of
the cervix; and

displaying information indicating the degree of
elasticity in the ROI of the cervix.

14. The ultrasound image display method of claim 12,

wherein the setting of the ROI of the IOS and the
ROI of the EOS comprises:

generating a first guide line and a second guide
line, each having a start point at the 10S point;
setting the ROI of the IOS based on the 10S
point and endpoints of the first guide line and
the second guide line;

generating a third guide line and a fourth guide
line, each having a start point at the EOS point;
and

setting the ROI of the EOS based on the EOS
point and endpoints of the third guide line and
the fourth guide line, and

wherein the determining of the ROI of the cervix
comprises determining a ROl of the cervix based
on the endpoints of the first guide line, the sec-
ond guide line, the third guide line, and the fourth
guide line, and the cervix line.

15. The ultrasound image display method of claim 14,

wherein the determining of the ROl of the cervix com-
prises determining the ROI of the cervix by connect-
ing the endpoints of the first guide line, the second
guide line, the third guide line, and the fourth guide
line, the IOS point, and the EOS point, and

a line connecting the endpoint of the first guide line
and the endpoint of the third guide line and a line
connecting the endpoint of the second guide line and
the endpoint of the fourth guide line each have a
shape of the cervix line.
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