US 20160151041A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2016/0151041 A1l

LEE et al. 43) Pub. Date: Jun, 2, 2016
(54) ULTRASOUND IMAGE APPARATUS AND Publication Classification
METHOD OF OPERATING THE SAME
(51) Imt.ClL
(71)  Applicant: SAMSUNG MEDISON CO., LTD., AGIB 8/08 (2006.01)
Hongcheon-gun (KR) A61B 8/00 (2006.01)
(52) US.CL
(72) Inventors: Kwang-hee LEE, Hongcheon-gun (KR); CPC oo AG1B 8/0866 (2013.01); AG1B 8/463
Gil-ju JIN, Hongcheon-gun (KR) (2013.01); A61B 8/467 (2013.01); A61B
8/5223 (2013.01); A61B 8/5207 (2013.01)
(73) Assignee: SAMSUNG MEDISON CO.,LTD., (57) ABSTRACT
Hongcheon-gun (KR) o o ) )
Provided is an ultrasound imaging apparatus including: a data
acquisition unit configured to acquire ultrasound data for an
(21)  Appl. No.: 14/955470 object including a first region and a second region used to
determine a shape of the first region; a controller configured
(22) Filed: Dec. 1, 2015 to extract the second region of the object from the ultrasound
data, set at least one guide line corresponding to the first
(30) Foreign Application Priority Data region, and measure the at least one guide line corresponding
to the first region; and a display configured to display mea-
Dec.1,2014  (KR) cooeoveervrccvneee 10-2014-0169967 surement information regarding the at least one guide line.
100
115 50
ULTRASOUND TRANSCEIVER 140 IMAGE PROCESSCR
120 p
122 124 126 128 141 155
BER | RECEPTON | [ SUMMING B MODE IMAGE al
" MPLFER= A0C F1oe g ot ] PROGESSOR GENERATOR
142
(| prose | o | 4 ‘
<\ ] TRANSHITTER DOPPLER
118 114 112 PROCESSOR
10 TRANSMISSICN PULSE ]
PULSER DELAYING . 1
UNIT GENERATOR o
DISPLAY
170 180
% COMMUNICATON MODULE 474 i T —
SERER | A0 | -] LOCAL AREA GOMMUNCATIONMODULE | 0
a | 112 INPUT DEVICE
MEDICAL | _ " pems d.] ‘ -
appaatys| ~NETWORK ——[--{_ WRED COMMUNGATION HODULE _ = =
: -———CONTROLLER
PORTABLE | - -1 MOBLE COMVUNICATIONMODULE |+
TERMINAL
36 \A1 800




US 2016/0151041 A1

Jun. 2,2016 Sheet1 of 16

Patent Application Publication

008l
IINAON NOILYOINNWWOD T1gow |-
| _ HITIOUINGD e el !
1
_ | FINGOW NOLLYDINNIHOD 03HIM i
R = !
061 - FINCOW NOILYDINNWINGD vadY w001 |-
[ - s IEET [ LT 3IngOW NOLLYINNIWINOD
" 081 0
m AY1dSId
! 091
| TINN
m HOLEENS ONIAY130 B354
m NOISSINSNVHL
m | HossIo0Hd ||| 2kl pil 9L~
" 01l |
| ! N
! 0z
| | Horwand H0SS3004d MR TEE N P "
" 30V 300M 8 onmins [7] Noiezozs [ °%Y 1|_5_U__§<
o5} m 8z 9z vzl 2l
HOS$300Hd ¥1¥0 — H3NF03H
Hoss30ooHd Fovw 07t HIAIFOSNYHL ONNOSYHLIN
0/ Gll
00}

TYNING3L
J18V140d

SN1YdYddv
VOI03IW

HIAE3S

T "Old




Patent Application Publication

FIG. 2

10

Jun. 2,2016 Sheet2 of 16 US 2016/0151041 A1
2000
WIRELESS PROBE
2100
TRANSMITTER
2110 2120 2130
TRANSMISSION
PULSE
PULSER  |—={ DELAYNG |—w{ coyiorson
UNIT
2200
|- TRANSDUGER
2300
RECEIVER
0310 230 9330 2340
RECEPTION
AMPLIFIER ADC DELAYING SUmTNG
ONIT




Patent Application Publication Jun. 2,2016 Sheet3 of 16 US 2016/0151041 A1

FIG. 3

300

pa
/310

DATA ACQUISITION UNIT

320

CONTROLLER

y 330
DISPLAY




Patent Application Publication

FIG. 4

Jun. 2,2016 Sheet4 of 16 US 2016/0151041 A1

400
410
DATA ACQUISITION UNIT
]
s 420 440
CONTROLLER USER INTERFACE
i
430

DISPLAY




US 2016/0151041 A1

Jun. 2,2016 Sheet 5 of 16

FIG. 5

Patent Application Publication

622
{

o)

521
&

522
[

23
521
[
532

5

531

|

530

L0




Patent Application Publication Jun. 2,2016 Sheet 6 of 16 US 2016/0151041 A1

640-1

630-1

6201

6

610-1

FIG.




Patent Application Publication Jun. 2,2016 Sheet7 of 16 US 2016/0151041 A1

FIG. 7

710

720




Patent Application Publication Jun. 2,2016 Sheet 8 of 16 US 2016/0151041 A1

FIG. 8

810

822

821



Patent Application Publication Jun. 2,2016 Sheet9 of 16 US 2016/0151041 A1

FIG. 9

910

920




Patent Application Publication Jun. 2,2016 Sheet100f16  US2016/0151041 A1

FIG. 10

1010

1021
1022



Patent Application Publication Jun. 2,2016 Sheet11o0f16  US2016/0151041 A1

FIG. 11

1104 1105 1106



Patent Application Publication Jun. 2,2016 Sheet120f16  US2016/0151041 A1

FIG. 12

521 522

N/mm 28mm

Funnel length! Cemical
' | engt

|
|

Funnel
Width - 4mm

L

523

mm
28mm + 7mm

(1) [

1220

=20% |——1210




Patent Application Publication Jun. 2,2016 Sheet130f16  US2016/0151041 A1

FIG. 13

531 533

T

1301 532




I-e0¥L 1—-cOFL 1-L0FI

US 2016/0151041 A1

0Ey | —— { ,

ozyi——|n ) 4]

ONN L1 e

OlL2 _\ll\\lcrn %07 ——uL + WUIEE ‘

Jun. 2,2016 Sheet 14 of 16

i ————
025 —|
=
| e ) o
v S/
PAAS E0rlL 20l €66 LoVl LEG

1 "OId

Patent Application Publication



Patent Application Publication Jun. 2,2016 Sheet150f16  US2016/0151041 A1

FIG. 15

( ; START )

ACQUIRE ULTRASOUND DATA FOR OBJECT
INCLUDING FIRST REGION AND SECOND REGION ~ |—S1510
USED TO DETERMINE SHAPE OF FIRST REGION

EXTRACT SECOND REGION OF

OBJECT FROM ULTRASOUND DATA — 515620
SET AT LEAST ONE GUIDE LINE CORRESPONDING | _ o o
TO FIRST REGION BASED ON SECOND REGION
AND MEASURE AT LEAST ONE GUIDE LINE
DISPLAY MEASUREMENT INFORMATION S

REGARDING AT LEAST ONE GUIDE LINE

END



Patent Application Publication Jun. 2,2016 Sheet160f16  US2016/0151041 A1

FIG. 16

( ‘ START )

ACQUIRE ULTRASOUND DATA FOR OBJECT
INCLUDING FIRST REGION AND SECOND REGION ~ |—S1610
USED TO DETERMINE SHAPE OF FIRST REGION

EXTRACT SECOND REGION OF

OBJECT FROM ULTRASOUND DATA — 51620

SET AT LEAST ONE GUIDE LINE CORRESPONDING TO
FIRST REGION BASED ON SECOND REGION
AND MEASURE AT LEAST ONE GUIDE LINE

51630

DETERMINE SHAPE OF FIRST REGION

BASED ON AT LEAST ONE GUIDE LINE — 51640

DISPLAY SCREEN SHOWING ULTRASOUND

IMAGE OR SHAPE OF FIRST REGION — 51650

DISPLAY MEASUREMENT INFORMATION

REGARDING AT LEAST ONE GUIDE LINE — 51660

END



US 2016/0151041 Al

ULTRASOUND IMAGE APPARATUS AND
METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0169967, filed on Dec. 1, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments relate to an
ultrasound imaging apparatus and a method of operating the
same, and more particularly, to an ultrasound imaging appa-
ratus configured to display an image generated using ultra-
sound data of an object and a method of operating the same.
[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an object
and receive echo signals reflected from the object, thereby
obtaining at least one image of an internal part of the object
(e.g., soft tissue or blood flow). In particular, ultrasound diag-
nosis apparatuses are used for medical purposes including
observing an internal area of an object, detecting foreign
substances, and assessing injuries. Such ultrasound diagnosis
apparatuses provide high stability, display images in real
time, and are safe due to no radiation exposure, compared to
X-ray apparatuses. Therefore, an ultrasound diagnosis appa-
ratus is widely used together with other types of imaging
diagnosis devices.

SUMMARY

[0006] One or more exemplary embodiments include an
ultrasound imaging apparatus and a method of operating the
same, which are capable of extracting a region to be measured
by using ultrasound data and providing information about the
extracted region.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
exemplary embodiments.

[0008] According to one or more exemplary embodiments,
an ultrasound imaging apparatus includes: a data acquisition
unit configured to acquire ultrasound data for an object
including a cervix; a controller configured to measure at least
one guide line corresponding to the cervix based on the
acquired ultrasound data; and a display configured to display
measurement information regarding the at least one guide
line.

[0009] The data acquisition unit acquires ultrasound data
including a fetal head region of the object.

[0010] The at least one guide line comprises at least one
selected from a boundary line of the fetal head region, a
boundary line corresponding to a funnel length of the cervix,
and a boundary line corresponding to a cervical length of the
cervix, all the boundary lines being indicated on an ultra-
sound image generated based on the ultrasound data.

[0011] The measurement information comprises at least
one selected from information about a shape of the cervix, a
funnel length of the cervix, a cervical length of the cervix, and
ahistogram corresponding to at least one position included in
the cervix.

Jun. 2, 2016

[0012] The controller extracts the fetal head region based
on the at least one guide line, extracts a funneling region and
the funnel length based on the fetal head region, extracts the
cervical length based on at least one of the fetal head region
and the funneling region, and determines a shape of the cervix
based on at least one of the funnel length and the cervical
length.

[0013] The controller determines a shape of the cervix
based on the at least one guide line, and wherein the display
displays a screen depicting the determined shape of the cer-
ViX.

[0014] The display displays an ultrasound image obtained
using the ultrasound data.

[0015] The display displays a screen in which the at least
one guide line is indicated on the ultrasound image.

[0016] A user interface configured to receive an input for
editing the at least one guide line indicated on the ultrasound
image.

[0017] The display displays a schematic diagram corre-
sponding to the determined shape of the cervix on the screen.
[0018] Thedisplay indicates atleast one line corresponding
to the at least one guide line on the schematic diagram.
[0019] The display displays a histogram corresponding to
at least one position included in the first region and indicates
the at least one position on the ultrasound image.

[0020] The controller determines the shape of the cervix to
be a first shape among a plurality of predesignated shapes by
using at least one guide line, and

[0021] wherein the display displays a screen showing the
shape of the cervix determined to be the first shape.

[0022] According to one or more exemplary embodiments,
amethod of operating an ultrasound imaging apparatus com-
prises: acquiring ultrasound data for an object including a
cervix; measuring at least one guide line corresponding to the
cervix based on the acquired ultrasound data; and displaying
measurement information regarding the at least one guide
line.

[0023] The method further comprises acquiring ultrasound
data including a fetal head region of the object.

[0024] The at least one guide line comprises at least one
selected from a boundary line of the fetal head region, a
boundary line corresponding to a funnel length of the cervix,
and a boundary line corresponding to a cervical length of the
cervix, all the boundary lines being indicated on an ultra-
sound image generated based on the ultrasound data.

[0025] The displaying of the measurement information,
comprises displaying at least one selected from information
about a shape of the cervix, a funnel length of the cervix, a
cervical length of the cervix, and a histogram corresponding
to at least one position included in the cervix.

[0026] The method further comprises: determining a shape
of the cervix based on the at least one guide line, and display-
ing a screen depicting the determined shape of the cervix.
[0027] The displaying of the screen depicting the deter-
mined shape of the cervix comprises displaying at least one
selected from a schematic diagram corresponding to the
shape of the cervix, an icon corresponding to the shape of the
cervix, and a histogram corresponding to at least one position
included in the cervix.

[0028] The displaying of the screen depicting the deter-
mined shape of the cervix comprises indicating at least one
line corresponding to the at least one guide line on the sche-
matic diagram.
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[0029] The method further comprises: displaying a histo-
gram corresponding to at least one position included in the
cervix; and indicating the at least one position on an ultra-
sound image.

[0030] The method further comprises displaying an ultra-
sound image obtained using the ultrasound data.

[0031] The displaying of the ultrasound image comprises
displaying a screen in which the at least one guide line is
indicated on the ultrasound image.

[0032] Themethod further comprises receiving an input for
editing the at least one guide line indicated on the ultrasound
image.

[0033] According to one or more exemplary embodiments,
a non-transitory computer-readable recording medium has
recorded thereon a program for executing a method of oper-
ating an ultrasound imaging apparatus. The method com-
prises: acquiring ultrasound data for an object including a
cervix; measuring at least one guide line corresponding to the
cervix based on the acquired ultrasound data; and displaying
measurement information regarding the at least one guide
line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0035] FIG. 1 is a block diagram of a configuration of an
ultrasound diagnosis apparatus related to exemplary embodi-
ments;

[0036] FIG. 2 is a block diagram of a configuration of a
wireless probe related to exemplary embodiments, (accord-
ing to an exemplary embodiment;

[0037] FIG. 3 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an exemplary
embodiment;

[0038] FIG. 4 is a block diagram of a configuration of an
ultrasound imaging apparatus according to another exem-
plary embodiment;

[0039] FIG. 5 is a diagram for explaining a guide line cor-
responding to a cervix according to an exemplary embodi-
ment;

[0040] FIG. 6 is a diagram for explaining a change in a
cervix according to stages of pregnancy, according to an
exemplary embodiment;

[0041] FIGS. 7 through 10 are diagrams for explaining
shapes of a cervix by analyzing guide lines on an ultrasound
image, according to exemplary embodiment;

[0042] FIG. 11 is a diagram for explaining a screen for
providing volume information by using an ultrasound image,
according to an exemplary embodiment;

[0043] FIGS. 12 through 14 are diagrams for explaining
screens that provide information about a cervix according to
exemplary embodiment; and

[0044] FIGS. 15 and 16 are flowcharts of methods of oper-
ating an ultrasound imaging apparatus, according to exem-
plary embodiments.

DETAILED DESCRIPTION

[0045] The terms used in this specification are those gen-
eral terms currently widely used in the art in consideration of
functions regarding the inventive concept, but the terms may
vary according to the intention of those of ordinary skill in the
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art, precedents, or new technology in the art. Also, some terms
may be arbitrarily selected by the applicant, and in this case,
the meaning of the selected terms will be described in detail in
the detailed description. Thus, the terms used herein have to
be defined based on the meaning of the terms together with
the description throughout the specification.

[0046] When a part “includes” or “comprises” an element,
unless there is a particular description contrary thereto, the
part can further include other elements, not excluding the
other elements. Also, the term “unit” in the exemplary
embodiments means a software component or hardware com-
ponent such as a field-programmable gate array (FPGA) or an
application-specific integrated circuit (ASIC), and performs a
specific function. However, the term “unit” is not limited to
software or hardware. The “unit” may be formed so as to be in
an addressable storage medium, or may be formed so as to
operate one or more processors. Thus, for example, the term
“unit” may refer to components such as software compo-
nents, object-oriented software components, class compo-
nents, and task components, and may include processes, func-
tions, attributes, procedures, subroutines, segments of
program code, drivers, firmware, micro codes, circuits, data,
a database, data structures, tables, arrays, or variables. A
fanction provided by the components and “units” may be
associated with the smaller number of components and
“units”, or may be divided into additional components and
“Units”.

[0047] Itwill beunderstood that, although the terms “first”,
“second”, etc. may be used herein to describe the elements
and/or components should not be limited by these terms.
These terms are only used to distinguish one element or
component from another element or component. Thus, a first
element could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of example embodiments. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0048] Throughout the specification, an “image” may mean
multi-dimensional data formed of discrete image elements,
e.g., pixels in a two-dimensional (2D) image and voxels in a
three-dimensional (3D) image.

[0049] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is obtained
using ultrasound waves. An ultrasound image may mean an
image obtained by transmitting ultrasound signals generated
by transducers of a probe to an object and receiving informa-
tion about echo signals reflected from the object. Further-
more, an ultrasound image may take different forms. For
example, the ultrasound image may be at least one selected
from an amplitude (A) mode image, a brightness (B) mode
image, a color (C) mode image, and a Doppler (D) mode
image. In addition, according to an exemplary embodiment,
the ultrasound image may be a 2D or 3D image.

[0050] Furthermore, an “object” may be a human, an ani-
mal, or a part of a human or animal. For example, the object
may be an organ (e.g., the liver, the heart, the uterus, the brain,
a breast, or the abdomen), or a blood vessel. Also, the object
may be a phantom. The phantom means a material having a
density, an effective atomic number, and a volume that are
approximately the same as those of an organism.

[0051] Throughout the specification, a “user” may be, but is
not limited to, a medical expert, for example, a medical doc-
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tor, a nurse, a medical laboratory technologist, or a medical
imaging expert, or a technician who repairs medical appara-
tuses.

[0052] Exemplary embodiments will now be described
more fully hereinafter with reference to the accompanying
drawings so that they may be easily implemented by one of
ordinary skill in the art. However, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. 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.

[0053] FIG. 1 is a block diagram of a configuration of an
ultrasound diagnosis apparatus 100 related to exemplary
embodiments.

[0054] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
115, an image processor 150, a display 160, a communication
module 170, a memory 180, a input device 190, and a con-
troller 195, which may be connected to one another via buses
185. Furthermore, the image processor 150 may include an
image generator 155, a cross-section information detector
130 (not shown), and the display 160.

[0055] It will be understood by those skilled in the art that
the ultrasound diagnosis apparatus 100 may further include
other common components than those shown in FIG. 1.
[0056] In some embodiments, the ultrasound diagnosis
apparatus 100 may be a cart type apparatus or a portable type
apparatus. Examples of portable ultrasound diagnosis appa-
ratuses may include, but are not limited to, a picture archiving
and communication system (PACS) viewer, a smartphone, a
laptop computer, a personal digital assistant (PDA), and a
tablet PC.

[0057] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the ultra-
sound transceiver 115 and receives echo signals reflected by
the object 10. The probe 20 includes a plurality of transduc-
ers, and the plurality of transducers oscillate in response to
electric signals and generate acoustic energy, that is, ultra-
sound waves. Furthermore, the probe 20 may be connected to
the main body of the ultrasound diagnosis apparatus 100 by
wire or wirelessly, and according to embodiments, the ultra-
sound diagnosis apparatus 100 may include a plurality of
probes 20.

[0058] A transmitter 110 supplies a driving signal to the
probe 20. The transmitter 110 includes a pulse generator 112,
a transmission delaying unit 114, and a pulser 116. The pulse
generator 112 generates pulses for forming transmission
ultrasound waves based on a predetermined pulse repetition
frequency (PRF), and the transmission delaying unit 114
delays the pulses by delay times necessary for determining
transmission directionality. The pulses which have been
delayed correspond to a plurality of piezoelectric vibrators
included in the probe 20, respectively. The pulser 116 applies
a driving signal (or a driving pulse) to the probe 20 based on
timing corresponding to each of the pulses which have been
delayed.

[0059] A receiver 120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The receiver
120 may include an amplifier 122, an analog-to-digital con-
verter (ADC) 124, a reception delaying unit 126, and a sum-
ming unit 128. The amplifier 122 amplifies echo signals in
each channel, and the ADC 124 performs analog-to-digital
conversion with respect to the amplified echo signals. The
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reception delaying unit 126 delays digital echo signals output
by the ADC 124 by delay times necessary for determining
reception directionality, and the summing unit 128 generates
ultrasound data by summing the echo signals processed by
the reception delaying unit 126.

[0060] The image processor 150 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 115.

[0061] The ultrasound image may be not only a grayscale
ultrasound image obtained by scanning an object in an ampli-
tude (A) mode, a brightness (B) mode, and a motion (M)
mode, but also a Doppler image showing a movement of an
object via a Doppler effect. The Doppler image may be a
blood flow Doppler image showing flow of blood (also
referred to as a color Doppler image), a tissue Doppler image
showing a movement of tissue, or a spectral Doppler image
showing a moving speed of an object as a waveform.

[0062] A B mode processor 141 extracts B mode compo-
nents from ultrasound data and processes the B mode com-
ponents. The image generator 155 may generate an ultra-
sound image indicating signal intensities as brightness based
on the extracted B mode components.

[0063] Similarly, a Doppler processor 142 may extract
Doppler components from ultrasound data, and the image
generator 155 may generate a Doppler image indicating a
movement of an object as colors or waveforms based on the
extracted Doppler components.

[0064] According to an embodiment, the image generator
155 may generate a three-dimensional (3D) ultrasound image
of the object 10 and may also generate an elasticity image by
imaging deformation of the object 10 due to pressure. Fur-
thermore, the image generator 155 may display various
pieces of additional information in an ultrasound image by
using text and graphics. In addition, the generated ultrasound
image may be stored in the memory 180.

[0065] The display 160 displays the generated ultrasound
image. The display 160 may display not only an ultrasound
image, but also various pieces of information processed by
the ultrasound diagnosis apparatus 100 on a screen image via
a graphical user interface (GUI). In addition, the ultrasound
diagnosis apparatus 100 may include two or more displays
160 according to embodiments.

[0066] The display 160 may include at least one selected
from a liquid crystal display (LCD), a thin-film transistor-
LCD (TFT-LCD), an organic light-emitting diode (OLED)
display, a flexible display, a 3D display, and an electro-
phoretic display.

[0067] Furthermore, when the display 160 and the input
device 190 form a layer structure to form a touch screen, the
display 160 may be used as an input device as well as an
output device, via which auserinputs information via a touch.

[0068] The touch screen may be configured to detect a
position of a touch input, a touched area, and pressure of a
touch. The touch screen may also be configured to detect both
an actual touch and a proximity touch.

[0069] Inthe presentspecification, an ‘actual touch’ means
that a pointer actually touches a screen, and a ‘proximity
touch’” means that a pointer does not actually touch a screen
but approaches the screen while being separated from the
screen by a predetermined distance. A ‘pointer’ used herein
means a tool for touching a particular portion on or near a
displayed screen. Examples of the pointer may include a
stylus pen and a body part such as fingers.
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[0070] Although not shown, the ultrasound diagnosis appa-
ratus 100 may include various sensors that are disposed
within or near the touch screen so as to sense an actual touch
or proximity touch on the touch screen. A tactile sensor is an
example of the sensors for sensing a touch on the touch
screen.

[0071] The tactile sensor is used to sense a touch of a
particular object to the same or greater degree than the degree
to which a human can sense the touch. The tactile sensor may
detect various pieces of information including the roughness
of a contact surface, the hardness of an object to be touched,
the temperature of a point to be touched, etc.

[0072] A proximity sensor is another example of the sen-
sors for sensing a touch. The proximity sensor refers to a
sensor that senses the presence of an object that is approach-
ing or is located near a predetermined detection surface by
using the force of an electromagnetic field or infrared light
without mechanical contact.

[0073] Examples of the proximity sensor include a trans-
missive photoelectric sensor, a direct reflective photoelectric
sensor, a mirror reflective photoelectric sensor, a high-fre-
quency oscillation proximity sensor, a capacitive proximity
sensor, a magnetic proximity sensor, an infrared proximity
sensor, and the like.

[0074] The communication module 170 is connected to a
network 30 by wire or wirelessly to communicate with an
external device or a server. The communication module 170
may exchange data with a hospital server or another medical
apparatus in a hospital, which is connected thereto via a
PACS. Furthermore, the communication module 170 may
perform data communication according to the digital imaging
and communications in medicine (DICOM) standard.
[0075] The communication module 170 may transmit or
receive data related to diagnosis of an object, e.g., an ultra-
sound image, ultrasound data, and Doppler data of the object,
via the network 30 and may also transmit or receive medical
images captured by another medical apparatus, e.g., a com-
puted tomography (CT) apparatus, a magnetic resonance
imaging (MRI) apparatus, or an X-ray apparatus. Further-
more, the communication module 170 may receive informa-
tion about a diagnosis history or medical treatment schedule
of apatient from a server and utilizes the received information
to diagnose the patient. Furthermore, the communication
module 170 may perform data communication not only with
a server or a medical apparatus in a hospital, but also with a
portable terminal of a medical doctor or patient.

[0076] The communication module 170 is connected to the
network 30 by wire or wirelessly to exchange data with a
server 32, a medical apparatus 34, or a portable terminal 36.
The communication module 170 may include one or more
components for communication with external devices. For
example, the communication module 170 may include a local
area communication module 171, a wired communication
module 172, and a mobile communication module 173.
[0077] The local area communication module 171 refers to
a module for local area communication within a predetet-
mined distance. Examples of local area communication tech-
niques according to an embodiment may include, but are not
limited to, wireless LAN, Wi-Fi, Bluetooth, ZigBee, Wi-Fi
Direct (WFD), ultra wideband (UWB), infrared data associa-
tion (IrDA), Bluetooth low energy (BLE), and near field
communication (NFC).

[0078] The wired communication module 172 refers to a
module for communication using electric signals or optical
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signals. Examples of wired communication techniques
according to an embodiment may include communication via
atwisted pair cable, a coaxial cable, an optical fiber cable, and
an Ethernet cable.

[0079] The mobile communication module 173 transmits
or receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
mobile communication network. The wireless signals may be
voice call signals, video call signals, or various types of data
for transmission and reception of text/multimedia messages.
[0080] The memory 180 stores various data processed by
the ultrasound diagnosis apparatus 100. For example, the
memory 180 may store medical data related to diagnosis of an
object, such as ultrasound data and an ultrasound image that
are input or output, and may also store algorithms or pro-
grams which are to be executed in the ultrasound diagnosis
apparatus 100.

[0081] The memory 180 may be any of various storage
media, e.g., aflash memory, a hard disk drive, EEPROM, etc.
Furthermore, the ultrasound diagnosis apparatus 100 may
utilize web storage or a cloud server that performs the storage
function of the memory 180 online.

[0082] The input device 190 generates input data that is
input for controlling the operation of the ultrasound diagnosis
apparatus 100. The input device 190 may include hardware
components, such as a keypad, a mouse, a touch pad, a track
ball, and a jog switch. However, embodiments are not limited
thereto, and the input device 190 may further include any of
various other elements including an electrocardiogram
(ECG) measuring module, a respiration measuring module, a
voice recognition sensor, a gesture recognition sensor, a fin-
gerprint recognition sensor, an iris recognition sensor, a depth
sensor, a distance sensor, etc.

[0083] In particular, the input device 190 may also include
a touch screen in which a touch pad forms a layer structure
with the display 160.

[0084] In this case, according to an exemplary embodi-
ment, the ultrasound diagnosis apparatus 100 may display an
ultrasound image in a predetermined mode and a control
panel for the ultrasound image on a touch screen. The ultra-
sound diagnosis apparatus 100 may also sense a uset’s touch
gesture performed on an ultrasound image via a touch screen.
[0085] The ultrasound diagnosis apparatus 100 may
include as physical buttons some buttons that are frequently
used by a user among buttons that are included in a control
panel of a general ultrasound apparatus, and provide the
remaining buttons in the form of a GUI via a touch screen
[0086] The controller 195 may control all operations of the
ultrasound diagnosis apparatus 100. In other words, the con-
troller 195 may control operations among the probe 20, the
ultrasound transceiver 100, the image processor 150, the
communication module 170, the memory 180, and the input
device 190 shown in FIG. 1.

[0087] All or some of the probe 20, the ultrasound trans-
ceiver 115, the image processor 150, the communication
module 170, the memory 180, the input device 190, and the
controller 195 may be implemented as software modules.
However, embodiments of the present invention are not lim-
ited thereto, and some of the components stated above may be
implemented as hardware modules. Furthermore, at least one
selected from the ultrasound transceiver 115, the image pro-
cessor 150, and the communication module 170 may be
included in the controller 195. However, embodiments of the
present invention are not limited thereto.
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[0088] FIG.2isablockdiagram showing a configuration of
a wireless probe 2000 according to an embodiment. As
described above with reference to FIG. 1, the wireless probe
2000 may include a plurality of transducers, and, according to
embodiments, may include some or all of the components of
the ultrasound transceiver 100 shown in FIG. 1.

[0089] The wireless probe 2000 according to the embodi-
ment shown in FIG. 2 includes a transmitter 2100, a trans-
ducer 2200, and a receiver 2300. Since descriptions thereof
are given above with reference to FI1G. 1, detailed descriptions
thereof will be omitted here. In addition, according to
embodiments, the wireless probe 2000 may selectively
include a reception delaying unit 2330 and a summing unit
2340.

[0090] The wireless probe 2000 may transmit ultrasound
signals to the object 10, receive echo signals from the object
10, generate ultrasound data, and wirelessly transmit the
ultrasound data to the ultrasound diagnosis apparatus 100
shown in FIG. 1.

[0091] The wireless probe 2000 may be a smart device that
includes a transducer array to enable ultrasound scanning. In
detail, the wireless probe 2000 is a smart device that scans an
object via the transducer array to acquire ultrasound data. The
wireless probe 2000 may then produce an ultrasound image
by using the acquired ultrasound data and/or display theultra-
sound image. The wireless probe 2000 may include a display
that displays a screen including at least one ultrasound image
and/or a user interface screen for controlling an operation of
scanning the object.

[0092] While a user scans a certain part of a patient’s body
by using the wireless probe 2000, the wireless probe 2000
may continuously exchange predetermined data with the
ultrasound diagnosis apparatus 100 of FIG. 1 via a wireless
network. In detail, while a user scans a certain part of a
patient’s body by using the wireless probe 2000, the wireless
probe 2000 may transmit ultrasound data to the ultrasound
diagnosis apparatus 100 in real-time via a wireless network.
The ultrasound data may be updated in real-time as the ultra-
sound scan continues and then be transmitted from the wire-
less probe 2000 to the ultrasound diagnosis apparatus 100.
[0093] FIG. 3 is a block diagram of a configuration of an
ultrasound imaging apparatus 300 according to an exemplary
embodiment.

[0094] The ultrasound imaging apparatus 300 according to
the present exemplary embodiment may include a data acqui-
sition unit 310, a controller 320, and a display 330. However,
all of the components shown in FIG. 3 are not essential
components. The ultrasound imaging apparatus 300 may
include more or fewer components than those shown in FIG.
3. The components will now be described in detail.

[0095] The data acquisition unit 310, the controller 320,
and the display 330 of the ultrasound imaging apparatus 300
of FIG. 3 may respectively correspond to the image processor
150, the controller 195, and the display 160 of the ultrasound
diagnosis apparatus 100 of FIG. 1, and the same descriptions
as already presented with respect to FIG. 1 are omitted.
[0096] The data acquisition unit 310 acquires ultrasound
data for an object including a first region and a second region
that is used to determine a shape of the first region. For
example, the ultrasound imaging apparatus 300 may further
include a probe. When the first and second regions of the
object are scanned using the probe, ultrasound data for the
object is acquired from the probe. The data acquisition unit
310 acquires the ultrasound data through the probe.
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[0097] Furthermore, the data acquisition unit 310 may
acquire ultrasound data from an external device that is physi-
cally independent of the ultrasound imaging apparatus 300,
other than via the probe.

[0098] In this case, the external device is a device for
acquiring, storing, processing, or using data related to an
ultrasound image, and may be a medical imaging apparatus, a
medical server, a portable terminal, or any other computing
device that uses and processes a medical image. For example,
the external device may be a medical diagnosis apparatus
used in a medical institution such as a hospital. Furthermore,
the external device may be a server in a hospital for recording
and storing a patient’s clinical history, a medical imaging
apparatus used by a medical doctor in a hospital to read a
medical image, or the like.

[0099] An object may be ahuman (e.g., a pregnant woman),
a first region may be the cervix, and a second region may be
a fetal head region that is near the cervix. The ultrasound
imaging apparatus 300 provides an ultrasound image based
on ultrasound data. A medical doctor may determine the
status of a pregnant woman’s uterus by examining an ultra-
sound image. The pregnant woman has the risk of preterm
delivery due to cervical incompetence or a short cervical
length (CL). The medical doctor may determine cervical
incompetence based on at least one of a CL, a cervical shape,
and a histogram of a region around_ a cervix. The ultrasound
imaging apparatus 300 may provide information about at
least one selected from a CL, a cervical shape, and a histo-
gram of a region around a cervix. In this way, the ultrasound
imaging apparatus 300 allows the medical doctor to objec-
tively determine the status of a pregnant woman’s uterus by
providing information related to the cervix.

[0100] The controller 320 extracts the second region of the
object from ultrasound data. The controller 320 sets at least
one guide line corresponding to the first region based on the
second region. The controller 320 controls the at least one
guide line to be measured. In this case, to do so, the controller
320 may measure a guide line itself or a line corresponding to
the guide line. The controller 320 then determines a shape of
the first region based on the measured at least one guide line.
[0101] If the first region is the cervix of the object (or the
cervix of a pregnant woman), and the second region is a fetal
head region that is near the cervix, the controller 320 deter-
mines a shape of the cervix based on at least one guide line. In
this case, the at least one guide line includes at least one of a
boundary line of the fetal head region, a boundary line corre-
sponding to a funnel length of the cervix, and a boundary line
corresponding to a CL of the cervix, all the boundary lines
being indicated on an ultrasound image generated based on
ultrasound data, but is not limited thereto. A funnel length is
used to determine a shape of the cervix. Information about a
funneling region may include a funnel length and a funnel
width. The funneling region may have a form of a funnel The
funnel length is a dimension of the funneling region corre-
sponding to a height of a funnel, and the funnel width is a
dimension corresponding to a diameter of the funnel. The
funneling region will be described in more detail below with
reference to FIG. 5.

[0102] Thecontroller 320 first extracts the fetal head region
based on ultrasound data. The controller 320 also extracts a
funneling region and a funnel length based on the fetal head
region. The controller 320 then measures a CL based on at
least one of the fetal head region and the funneling region.
The controller 320 also determines a shape of a uterus based
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on at least one of the funnel length and the CL. In this case,
when ultrasound data is acquired by the data acquisition unit
310, the controller 320 may automatically perform a process_
up to an operation of determining the shape of the uterus by
using the ultrasound data. Alternatively, the controller 320
may perform the process by receiving a user input at each
operation of the process.

[0103] The controller 320 controls the display 330 to dis-
play apredetermined screen. The display 330 may display the
predetermined screen so that a user or patient may visually
recognize a predetermined image or information. The display
330 may correspond to the display 160 of the ultrasound
diagnosis apparatus 100 of FIG. 1, or have a different con-
figuration than that of the display 160 thereof.

[0104] Thedisplay 330 displays a predetermined screen. In
detail, the display 330 displays the predetermined screen
according to control by the controller 320. The display 330
includes a display panel (not shown) and may display a user
interface screen, a medical image screen, etc., on the display
panel.

[0105] The display 330 displays measurement information
regarding at least one guide line. In this case, the measure-
ment information may include a length of the at least one
guide line or of a line corresponding to the at least one guide
line. A length of a guide line or a line corresponding to the
guide line may be used to determine a shape of a first region.
In detail, the measurement information may include at least
one of information about a shape of a cervix, a funnel length
of the cervix, a CL of the cervix, and a histogram correspond-
ing to at least one position included in the cervix.

[0106] The controller 320 may determine a shape of the
first region to be a first shape among a plurality of predesig-
nated shapes by using at least one guide line. The display 330
displays a screen depicting the shape of the first region. In
detail, the display 330 may display a schematic diagram
corresponding to the shape of the first region on the screen.
[0107] For example, if the first region is a cervix of an
object and the second region is a fetal head region that is near
the cervix, the controller 320 determines a shape of the cervix
based on at least one guide line. A plurality of predesignated
shapes representing the shape of the cervix may include “T”
type, “V” type, “Y” type, and “U” type shapes, but are not
limited thereto. The display 330 may display a schematic
diagram corresponding to one of the “T” type, “V” type, “Y”
type, and “U” type on the screen.

[0108] The display 330 may also display at least one line
corresponding to the at least one guide line in the schematic
diagram. For example, if the shape of the first regionisa “T”
type, the display 330 may display a screen in which a
T-shaped line is overlaid on the schematic diagram. In this
way, the display 330 may provide a screen in which at least
one line corresponding to at least one guide line is indicated
on the schematic diagram, thereby allowing a user such as a
medical doctor or a patient to more easily identify the shape of
the first region.

[0109] Furthermore, the display 330 may display at least
one of a schematic diagram and an icon, both of which cor-
respond to a shape of the first region. For example, if the first
region is a cervix, the display 330 may display at least one of
a schematic diagram and an icon, both corresponding to a
shape of the cervix. The display 330 may provide information
about the shape of the first region by displaying one of a
plurality of icons distinctly from the other ones. For example,
the display 330 may display a contour of one of a plurality of
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icons corresponding to a shape of the first region as a dashed
line and contours of the other icons as solid lines so as to
distinguish the icon corresponding to the shape of the first
region from the other ones.

[0110] The display 330 displays an ultrasound image
obtained using ultrasound data. The display 330 may also
display a screenin which at least one guide line is indicated on
the ultrasound image. Furthermore, the display 330 may dis-
play at least one guide line in a layout that is different from a
layout of the ultrasound image. By displaying the at least one
guide line in a layout that is different from the layout of the
ultrasound image, it is possible to keep the original ultrasound
image intact and modify the at least one guide line.

[0111] The display 330 also displays a histogram corre-
sponding to at least one position included in the first region.
Furthermore, the display 330 may indicate which position in
the first region corresponds to the histogram by displaying the
at least one position on an ultrasound image.

[0112] The ultrasound imaging apparatus 300 includes a
central arithmetic processor to control overall operations of
the data acquisition unit 310, the controller 320, and the
display 330. The central arithmetic processor may be imple-
mented by an array of a plurality of logic gates or by a
combination of a general-purpose microprocessor and a
memory for storing a program to be executed on the general-
purpose microprocessor. [t will also be understood by one of
ordinary skill in the art that the central arithmetic processor
may be implemented using other types of hardware.

[0113] Hereinafter, various operations performed by an
ultrasound imaging apparatus and applications thereof will be
described in detail. Although none the data acquisition unit
310, the controller 320, and the display 330 are specified, one
of ordinary skillin the art may easily understand their features
and aspects. The scope of the present inventive concept is not
limited by a name of a particular component or physical/
logical structure.

[0114] FIG. 4 is a block diagram of a configuration of an
ultrasound imaging apparatus 400 according to another
exemplary embodiment. The ultrasound imaging apparatus
400 of FIG. 4 may further include a user interface 440, in
comparison to the ultrasound imaging apparatus 300 of FIG.
3.

[0115] Since a data acquisition unit 410, a controller 420,
and a display 430 in the ultrasound imaging apparatus 400 of
FIG. 4 respectively correspond to the data acquisition umt
310, the controller 320, and the display 330 in the ultrasound
imaging apparatus 300 of FIG. 3, the same descriptions as
already presented with respect to FIG. 3 are omitted.

[0116] The display 430 displays an ultrasound image gen-
erated using ultrasound data. The controller 420 extracts a
second region from the ultrasound data for an object includ-
ing a first region and the second region and sets at least one
guide line corresponding to the first region based on the
second region. The display 430 displays the at least one guide
line on the ultrasound image obtained from the ultrasound
data. In other words, the display 430 may receive information
about the at least one guide line that is used to determine a
shape of the first region to thereby indicate the at least one
guide line on the ultrasound image.

[0117] Furthermore, the display 430 may receive informa-
tion about at least one guide line from the user interface 440
to indicate the at least one guide line on an ultrasound image.
In this case, the user may directly indicate at least one guide
line via the user interface 440.



US 2016/0151041 Al

[0118] Furthermore, if at least one guide line used to deter-
mine a shape of the first region is indicated on an ultrasound
image, the user interface 440 may receive an input for editing
the at least one guide line indicated on the ultrasound image.
[0119] The user interface 440 refers to a device via which
data for controlling the ultrasound imaging apparatus 400 is
received from the user. The user interface 440 may include
hardware components such as a keypad, a mouse, a touch
panel, a touch screen, a trackball, a jog switch, etc. However,
exemplary embodiments are not limited thereto, and the user
interface 440 may further include any of various other input
units including an electrocardiogram (ECG) measuring mod-
ule, a respiration measuring module, a voice recognition sen-
sor, a gesture recognition sensor, a fingerprint recognition
sensor, an iris recognition sensor, a depth sensor, a distance
sensor, ete.

[0120] The user interface 440 may generate and output a
user interface screen for receiving a predetermined command
or data from the user. The user interface 440 may also receive
the predetermined command or data from the user via the user
interface screen. The user may view the user interface screen
displayed via the display 430 to recognize predetermined
information and input a predetermined command or data via
the user interface 440.

[0121] For example, the user interface 440 may be formed
as a touch pad. In detail, the user interface 440 includes a
touch pad (not shown) combined with a display panel (not
shown) in the display 430 and outputs a user interface screen
to the display panel. When a predetermined command is input
via the user interface screen, the touch pad may detect infor-
mation about the predetermined command and then transmit
the detected information to the controller 420. Then, the
controller 420 may interpret the detected information to rec-
ognize and execute the predetermined command input by the
user.

[0122] The ultrasound imaging apparatus 400 may further
include a storage unit (not shown) and a communication
module (not shown). The storage unit may store data related
to an ultrasound image (e.g., the ultrasound image, ultrasound
data, scan-related data, data related to diagnosis of a patient,
etc.), data transmitted from an external device to the ultra-
sound imaging apparatus 400, etc. The data transmitted from
the external device may include patient-related information,
data necessary for diagnosis and treatment of a patient, a
patient’s past medical history, a medical work list corre-
sponding to instructions regarding diagnosis of a patient, and
the like.

[0123] The communication module may receive and/or
transmit data from and/or to an external device. For example,
the communication module may connect to a wireless probe
or an external device via a communication network based on
Wi-Fior Wi-Fi Direct (WFD) technology. In detail, examples
of a wireless communication network to which the commu-
nication module can connect may include, but are not limited
to, Wireless LAN (WLAN), Wi-Fi, Bluetooth, ZigBee, WFD,
Ultra Wideband (UWB), Infrared Data Association (IrDA),
Bluetooth Low Energy (BLE), and Near Field Communica-
tion (NFC).

[0124] FIG. 5 is a diagram for explaining a guide line cor-
responding to a cervix 511, according to an exemplary
embodiment.

[0125] Referringto 510 of FIG. 5, during pregnancy, a fetal
head region is located near the cervix 511. As a pregnant
woman approaches the time of birth, a CLL decreases. Thus,
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the time of birth may be estimated based on a length and a
shape of a pregnant woman'’s cervix, a histogram of a region
near a cervix, etc.

[0126] Referring to 520 of FIG. 5, the cervix 511 may be
made up of a funneling region and a cervical region. Infor-
mation about the funneling region may be represented by a
funnel length 521 and a funnel width 523. Information about
the cervical region may be represented by a CL 522. Further-
more, the status and shape of the cervix 511 may be deter-
mined based on information about funneling. The percentage
of funneling is defined by Equation (1) below:

Percentage of Funneling=funnel length/CL+funnel

lengthx100% [0Y]
[0127] Cervical funneling is correlated with the status of a
pregnant woman’s cervix. A large percentage of funneling
indicates that the time of birth is approaching. The ultrasound
imaging apparatus 300 of F1G. 3 may determine a shape ofthe
uterus based on funneling. For example, if the percentage of
funneling is 20%, the shape of the uterus may be determined
to be ‘V’ type. If the percentage of funneling is 100%, the
shape of the uterus may be determined to be a ‘U’ type.
[0128] Although a funnel width is not used in Equation (1),
the funnel width may also be used to determine the shape of
the uterus. As the time of birth approaches, the funnel width
increases.
[0129] Referring to 530 of FIG. 5, the ultrasound imaging
apparatus 300 displays an ultrasound image of a pregnant
woman’s uterus. The ultrasound imaging apparatus 300 may
indicate guide lines 531 and 532 corresponding to the funnel
length 521 and a guide line 533 corresponding to the CL 522
on the ultrasound image. The ultrasound imaging apparatus
300 then determines a shape of the cervix 511 based on the
guide lines 531 through 533 and displays measurement infor-
mation regarding the guide lines 531 through 533.
[0130] FIG. 6 is a diagram for explaining a change in a
cervix according to stages of pregnancy, according to an
exemplary embodiment. Referring to FIG. 6, a position of a
fetal head region and a CL vary depending on stages of
pregnancy.
[0131] Referring to 610 of FIG. 6, in the first trimester of
pregnancy, the fetal head region is located near a cervix, and
the cervix remains closed. As seen on a cervix 610-1 in detail,
the funnel width 523 has not changed since the pregnant
woman’s cervix has not opened. Thus, the shape of the cervix
610-1 may be classified as a “T” type. In this case, the per-
centage of funneling may be 0%.
[0132] Referring to 620, during the second trimester of
pregnancy, the fetal head region is located closer to the cervix
than in the first trimester, and the cervix remains slightly
open. As seen on a cervix 620-1 in detail, the funnel width 523
becomes greater than the funnel width 523 during the first
trimester. The shape of the cervix 620-1 may be classified as
a“V” shape, and the percentage of funneling may be 30%. In
this case, 30% is merely an exemplary value, and it will be
understood by one of ordinary skill in the art that the percent-
age of funneling may have another value.
[0133] Referring to 630, during the third trimester of preg-
nancy, since the time of birth is pending, the cervix is opened
wider than during the second trimester of pregnancy. The
shape of the cervix may be classified as a “Y” type, and the
percentage of funneling may be 100%. In this case, 100% is
merely an exemplary value, and it will be understood by one
of ordinary skill in the art that the percentage of funneling
may have another value.
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[0134] Referring to 640, since the pregnant woman is about
to give birth to a baby, the cervix remains open wider than
during the third trimester of pregnancy. As seen on a cervix
640-1 in detail, the cervix 640-1 remains open so that the
baby’ head is pushed out through the cervix. In this case, the
shape of the cervix 640-1 may be classified as a “U” type.
[0135] FIGS. 7 through 10 are diagrams for explaining
shapes of a cervix by analyzing guide lines on an ultrasound
image, according to exemplary embodiments.

[0136] FIG.7isadiagram for explaining a shapeofa cervix
by analyzing a guide line on an ultrasound image according to
an exemplary embodiment. The ultrasound imaging appara-
tus 300 of FIG. 3 may display an ultrasound image obtained
using ultrasound data for a pregnant woman. The ultrasound
data may include data related to the cervix and a fetal head
region that is near the cervix. Referring to 710 of FIG. 7, the
ultrasound imaging apparatus 300 may extract a fetal head
region based on the ultrasound data. The ultrasound imaging
apparatus 300 may extract a funneling region by indicating a
tangent line in the fetal head region. The funneling region
may be included in the cervix, and information about the
funneling region may be represented by the funnel length
(521 of FIG. 5) and the funnel width (523 of FIG. 5).

[0137] Since the cervix is shaped like a““T” shape, as shown
in 710, the ultrasound imaging apparatus 300 may determine
a shape 720 of the cervix as a “T” type. The ultrasound
imaging apparatus 300 may display a T-type schematic dia-
gram 721 representing the shape 720 of the cervix, as shown
in FIG. 7 (. The ultrasound imaging apparatus 300 may indi-
cate a line corresponding to the “T” type on the ultrasound
image. Furthermore, the ultrasound imaging apparatus 300
may create a screen in which a T-shaped line 722 is indicated
on the T-type schematic diagram 721 and display the screen.
The ultrasound imaging apparatus 300 may also create a
screen including the ultrasound image of the pregnant
woman, the T-type schematic diagram 721 of the cervix, and
an icon corresponding to the “T” type and display the screen.
[0138] FIG. 8isadiagram for explaining a shapeofa cervix
by analyzing a guide line on an ultrasound image of a preg-
nant woman, according to an exemplary embodiment. Refer-
ring to 810 of FIG. 8, the ultrasound imaging apparatus 300
may extract a fetal head region based on ultrasound data. The
ultrasound imaging apparatus 300 may indicate on the ultra-
sound image a boundary line of the fetal head region, a
boundary line corresponding to the funnel length (521 of FIG.
5) of the cervix, and a boundary line corresponding to the CL
(522 of FIG. 5) of the cervix. Since the cervix is shaped like
a “V” shape as shown in 810, the ultrasound imaging appa-
ratus 300 may determine a shape 820 of the cervix as a “V”
type. The ultrasound imaging apparatus 300 may display a
V-type schematic diagram 821 representing the shape 820 of
the cervix, as shown in FIG. 8. The ultrasound imaging appa-
ratus 300 may indicate a line corresponding to the “V” type on
the ultrasound image. Furthermore, the ultrasound imaging
apparatus 300 may create a screen in which a V-shaped line
822 is indicated on the V-type schematic diagram 821 and
display the screen. The ultrasound imaging apparatus 300
may also create a screen including the ultrasound image of the
pregnant woman, the V-type schematic diagram 821 of the
cervix, and an icon corresponding to the “V” type and display
the screen.

[0139] FIG.9isadiagram for explaining a shape ofa cervix
by analyzing a guide line on an ultrasound image of a preg-
nant woman, according to an exemplary embodiment. Refer-
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ring to 910 of FIG. 9, the ultrasound imaging apparatus 300
may indicate on the ultrasound image a boundary line corre-
sponding to the funnel length (521 of FIG. 5) of a cervix and
aboundary line corresponding to the CL (522 of F1G. 5) of the
cervix. Since the cervix is shaped like a “Y” shape as shown
in 910, the ultrasound imaging apparatus 300 may determine
a shape 920 of the cervix as a “Y” type. The ultrasound
imaging apparatus 300 may display a Y-type schematic dia-
gram 921 representing the shape 920 of the cervix as shown in
FIG. 9. The ultrasound imaging apparatus 300 may indicate a
line corresponding to the “Y™ type on the ultrasound image.
Furthermore, the ultrasound imaging apparatus 300 may cre-
ate a screen in which a Y-shaped line 922 is indicated on the
Y-type schematic diagram 921 and display the screen. The
ultrasound imaging apparatus 300 may also create a screen
including the ultrasound image of the pregnant woman, the
V-type schematic diagram 921 of the cervix, and an icon
corresponding to the “Y” type and display the screen.
[0140] FIG. 10 is a diagram for explaining a shape of a
cervix by analyzing a guide line on an ultrasound image of a
pregnant woman, according to an exemplary embodiment.
Referring to 1010 of FIG. 10, the ultrasound imaging appa-
ratus 300 may indicate a line corresponding to a shape 1020 of
the cervix on the ultrasound image. Since the cervix is shaped
like a “U” shape, as shown in 1010, the ultrasound imaging
apparatus 300 may determine the shape 1020 of the cervix as
a “U” type. The ultrasound imaging apparatus 300 may dis-
play a U-type schematic diagram 1021 representing the shape
1020 of the cervix as shown in FIG. 10. The ultrasound
imaging apparatus 300 may indicate a line corresponding to
the “U” type on the ultrasound image. Furthermore, the ultra-
sound imaging apparatus 300 may create a screen in which a
U-shaped line 1022 is indicated on the U-type schematic
diagram 1021 and display the screen. The ultrasound imaging
apparatus 300 may also create a screen including the ultra-
sound image of the pregnant woman, the U-type schematic
diagram 1021 of the cervix, and an icon corresponding to the
“U” type and display the screen.

[0141] FIG. 11 is a diagram for explaining a screen for
providing volume information by using an ultrasound image,
according to an exemplary embodiment.

[0142] The ultrasound imaging apparatus 300 of FIG. 3
may determine a shape of a first region of an object by using
volume information regarding the first region. The ultrasound
imaging apparatus 300 may obtain volume information
regarding the object based on ultrasound images 1101
through 1105 acquired using ultrasound data. The ultrasound
imaging apparatus 300 may then output the first region of the
object as a 3D image 1106 by using the volume information
regarding the first region.

[0143] Theultrasound imaging apparatus 300 may obtain a
plurality of pieces of volume information regarding a first
region according to the stage of pregnancy (e.g., gestational
age of pregnancy) or shape of the first region from each ofa
plurality of objects. In this case, the ultrasound imaging appa-
ratus 300 may obtain volume information regarding the first
region from each of the plurality of objects as well as from an
external device. The external device may be an ultrasound
diagnosis apparatus or a storage device. The storage device
may be any of various storage media such as a hard disk drive
(HDD), Read Only Memory (ROM), Random Access
Memory (RAM), a flash memory, and a memory card.
[0144] The ultrasound imaging apparatus 300 may classify
the pieces of volume information regarding the first region
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according to the stage of pregnancy or shape of the first region
and the compare volume information regarding a first region
of an object with the classified pieces of volume information
regarding the first region. According to a comparison result,
the ultrasound imaging apparatus 300 may determine at least
one of a shape and a status of the first region of the object.
[0145] FIGS. 12 through 14 are diagrams for explaining
screens that provide information about a cervix according to
exemplary embodiments.

[0146] Referring to FIG. 12, the ultrasound imaging appa-
ratus 300 displays a screen including a schematic diagram
corresponding to a shape of a cervix and an icon 1220 corre-
sponding thereto. The ultrasound imaging apparatus 300 may
indicate information about a funnel length 521, a CI. 522, and
a funnel width 523 on the schematic diagram. The ultrasound
imaging apparatus 300 also displays the percentage 1210 of
funneling calculated using the funnel length 521 and the CL
522. The ultrasound imaging apparatus 300 displays a plural-
ity of icons so as to distinguish the icon 1220 corresponding
to the determined shape ofthe cervix from the other icons. For
example, to do so, the ultrasound imaging apparatus 300 may
emphasize a contour of the icon 1220 by thickening the con-
tour thereof.

[0147] Referring to FIG. 13, the ultrasound imaging appa-
ratus 300 displays at least one guide line 531 through 533 on
an ultrasound image. In detail, the ultrasound imaging appa-
ratus 300 extracts a fetal head region based on ultrasound data
and indicates a boundary line 1301 representing the fetal head
region on the ultrasound image. The ultrasound imaging
apparatus 300 then extracts a funneling region and the funnel
length (521 of FIG. 12) based on the fetal head region. To
extract the funneling region, the ultrasound imaging appara-
tus 300 indicates tangent lines to the boundary line 1301 of
the fetal head region and determines the funneling region
based on the indicated tangent lines. The ultrasound imaging
apparatus 300 then extracts the CL (522 of FIG. 12) based on
at least one of the fetal head region and the funneling region.
The ultrasound imaging apparatus 300 displays the guide
lines 531 and 532 corresponding to the funnel length 521 and
the guide line 533 corresponding to the CL 522.

[0148] Referring to FIG. 14, the ultrasound imaging appa-
ratus 300 displays an ultrasound image of first and second
regions of an object, a schematic diagram 520 corresponding
to a shape of the first region, measurement information
regarding the shape of the first region, an icon 1220 corre-
sponding to the shape of the first region among a plurality of
icons 1420, and a plurality of histograms 1430 (1401-1, 1402-
1, and 1403-1) respectively corresponding to at least one
position 1401 through 1403 included in the first region.
[0149] Theultrasound imaging apparatus 300 may create a
screen including at least one of the schematic diagram 520
corresponding to the shape of the first region, measurement
information regarding the shape of the first region, the icon
1220 corresponding to the shape of the first region among the
plurality of icons 1420, and the plurality of histograms 1430
(1401-1, 1402-1, and 1403-1) respectively corresponding to
the at least one position 1401 through 1403 included in the
first region and display the screen.

[0150] In detail, it is assumed herein that the first region is
the cervix, and the second region is a fetal head region that is
near the cervix. The ultrasound imaging apparatus 300 sets at
least one guide line 531 through 533 based on ultrasound
data. In this case, the at least one guide line 531 through 533
includes a boundary line 1301 of the fetal head region, the
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guide lines 531 and 532 corresponding to a funnel length 521
of the cervix, and the guide line 533 corresponding to a CL
522 of the cervix, but is not limited thereto.

[0151] Theultrasound imaging apparatus 300 determines a
shape of the cervix based on the at least one guide line 531
through 533. For example, the shape of the cervix may be
classified as one of a “T” type, a “V” type, a “Y” type, and a
“U” type. The ultrasound imaging apparatus 300 creates a
screen including information related to the determined shape
of the cervix based on the shape of the cervix and displays the
screen. The ultrasound imaging apparatus 300 indicates the at
least one guide line 531 through 533 that is used to determine
the shape of the cervix on the ultrasound image.

[0152] Theultrasound imaging apparatus 300 also displays
the schematic diagram 520 corresponding to the shape of the
cervix. In this case, the ultrasound imaging apparatus 300
may indicate information about a funnel length 521, a CL
522, and a funnel width 523 on the schematic diagram 520.
Measurement information regarding the shape of the cervix
includes the percentage 1210 of funneling calculated using
the funnel length 521 and the CL 522. The ultrasound imag-
ing apparatus 300 displays the calculated percentage 1210 of
funneling.

[0153] The ultrasound imaging apparatus 300 displays the
icon 1220 corresponding to the shape of the cervix in such a
manner as to distinguish the icon 1220 from icons 1420
corresponding to a plurality of shapes.

[0154] The ultrasound imaging apparatus 300 may display
the plurality of histograms 1401-1, 1402-1, and 1403-1
respectively corresponding to the at least one position 1401
through 1403 included in the cervix and indicate the at least
one position 1401 through 1403 on the ultrasound image. If
the plurality of histograms 1401-1, 1402-1, and 1403-1 are
provided, the ultrasound imaging apparatus 300 may display
the histograms 1401-1, 1402-1, and 1403-1 respectively cor-
responding to the at least one position 1401 through 1403 in
such a manner as to distinguish them from one another.

[0155] FIGS. 15 and 16 are flowcharts of methods of oper-
ating an ultrasound imaging apparatus, according to exem-
plary embodiments.

[0156] Referring to FIG. 15, the ultrasound imaging appa-
ratus acquires ultrasound data for an object including first and
second regions (S1510). In this case, the second region is used
to determine a shape of the first region. For example, the first
and second regions may be a cervix of a pregnant woman and
a fetal head region that is near the cervix, respectively. Infor-
mation about the cervix and the fetal head region is needed to
determine a status of the health of the.

[0157] The ultrasound imaging apparatus extracts the sec-
ond region ofthe object from the ultrasound data (§1520). For
example, the ultrasound imaging apparatus may extract a
fetal head region located near a cervix from the ultrasound
data.

[0158] The ultrasound imaging apparatus sets at least one
guide line corresponding to the first region based on the
extracted second region and controls the at least one guide
line to be measured (S1530). For example, the ultrasound
imaging apparatus may set at least one of a boundary line of
a fetal head region, a boundary line corresponding to a funnel
length of a cervix, and a boundary line corresponding to a CL,
and control the at least one boundary line to be measured.

[0159] The ultrasound imaging apparatus displays mea-
surement information regarding the at least one guide line
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(S1540). For example, the ultrasound imaging apparatus may
display information about a funnel length and a CL.

[0160] FIG. 16 is a flowchart of a method of operating an
ultrasound imaging apparatus, according to another exem-
plary embodiment. Since operations S1610, S1620, and
S1630 shown in FIG. 16 respectively correspond to opera-
tions S1510, S1520, and S1530, the same descriptions as
already presented with respect to FIG. 15 are omitted.

[0161] Referring to FIG. 16, the ultrasound imaging appa-
ratus determines a shape of a first region based on at least one
guide line (S1640). The ultrasound imaging apparatus may
determine the shape of the first region to be a first shape
among a plurality of predesignated shapes by using the at
least one guide line. For example. a plurality of predesignated
shapes representing a shape of a cervix may be “T”, “V”, “Y”,
and “U” types. The ultrasound imaging apparatus may dete-
mine the shape of the cervix to be one of the “T”, “V”, “Y”,
and “U” types.

[0162] The ultrasound imaging apparatus displays a screen
showing an ultrasound image obtained from ultrasound data
or the shape of the first region (S1650). In detail, the ultra-
sound imaging apparatus displays a schematic diagram cor-
responding to the shape of the first region on the screen.
Furthermore, the ultrasound imaging apparatus may indicate
at least one line corresponding to the at least one guide line on
the schematic diagram.

[0163] Furthermore, the ultrasound imaging apparatus dis-
plays the ultrasound image and a histogram corresponding to
at least one position included in the first region. The ultra-
sound imaging apparatus may indicate the at least one posi-
tion corresponding to the histogram on the ultrasound image
while simultaneously displaying the histogram.

[0164] Forexample, the ultrasound imaging apparatus may
display at least one of a schematic diagram corresponding to
a shape of a cervix, an icon corresponding thereto, and a
histogram corresponding to at least one position included in
the cervix.

[0165] The ultrasound imaging apparatus displays mea-
surement information regarding the at least one guide line
(S1660).

[0166] The apparatuses described above may be imple-
mented using hardware components, software components,
or a combination thereof. For example, the apparatuses and
components illustrated in the exemplary embodiments may
be implemented using one or more general-purpose or spe-
cial-purpose computers, such as a processor, a controller, an
arithmetic logic unit (ALU), a digital signal processor, a
microcomputer, a field programmable array (FPA), a pro-
grammable logic unit (PLU), a microprocessor or any other
device capable of responding to and executing instructions in
a defined manner.

[0167] A processing device may run an operating system
(OS) and one or more software applications running on the
OS. The processing device also may access, store, manipu-
late, process, and create data in response to execution of
software.

[0168] For convenience, although a single processing
device may be illustrated for convenience, one of ordinary
skill in the art will appreciate that a processing device may
include a plurality of processing elements and/or a plurality
of types of processing elements. For example, a processing
device may include a plurality of processors or a processor
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and a controller. In addition, the processing device may have
different processing configurations such as parallel proces-
SOrS.
[0169] Software may include a computer program, a piece
of code, an instruction, or one or more combinations thereof
and independently or collectively instruct or configure the
processing device to operate as desired.
[0170] Software and/or data may beembodied permanently
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 instructions or data to
the processing device. The software also may be distributed
over network-coupled computer systems so that the software
is stored and executed in a distributed fashion. In particular,
the software and data may be stored in one or more computer-
readable recording media.
[0171] The methods according to the exemplary embodi-
ments may be recorded in non-transitory computer-readable
media including program instructions to implement various
operations embodied by a computer. The media may also
include, alone or in combination with the program instruc-
tions, data files, data structures, and the like. The program
instructions recorded in the media may be designed and con-
figured specially for the exemplary embodiments or be
known and available to those skilled in computer software.
[0172] Examples of non-transitory computer-readable
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 optical
discs; and hardware devices that are specially configured to
store and perform program instructions, such as ROM, RAM,
flash memory, and the like.
[0173] Examples of program instructions include both
machine code, such as produced by a compiler, and higher
level code that may be executed by the computer using an
interpreter.
[0174] Theabove-described hardware devices may be con-
figured to act as one or more software modules in order to
perform the operations of the above-described embodiments,
or vice versa.
[0175] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various modi-
fications 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 described
above, and/or the aforementioned elements, such as systems,
structures, devices, or circuits, are combined or coupled in
different forms and modes than as described above or be
replaced or supplemented by other components or their
equivalents.
[0176] Thus, the scope of the present inventive concept is
defined not by the detailed description thereof but by the
appended claims and their equivalents.
What is claimed is:
1. An ultrasound imaging apparatus comprising:
a data acquisition unit configured to acquire ultrasound
data for an object including a cervix;
a controller configured to measure at least one guide line
corresponding to the cervix based on the acquired ultra-
sound data; and
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a display configured to display measurement information

regarding the at least one guide line.

2. The ultrasound imaging apparatus of claim 1, wherein
the data acquisition unit acquires ultrasound data including a
fetal head region of the object.

3. The ultrasound imaging apparatus of claim 2, wherein
the at least one guide line comprises at least one selected from
a boundary line of the fetal head region, a boundary line
corresponding to a funnel length of the cervix, and a boundary
line corresponding to a cervical length of the cervix, all the
boundary lines being indicated on an ultrasound image gen-
erated based on the ultrasound data.

4. The ultrasound imaging apparatus of claim 1, wherein
the measurement information comprises at least one selected
from information about a shape of the cervix, a funnel length
of the cervix, a cervical length of the cervix, and a histogram
corresponding to at least one position included in the cervix.

5. The ultrasound imaging apparatus of claim 3, wherein
the controller extracts the fetal head region based on the at
least one guide line, extracts a funneling region and the funnel
length based on the fetal head region, extracts the cervical
length based on at least one of the fetal head region and the
funneling region, and determines a shape of the cervix based
on at least one of the funnel length and the cervical length.

6. The ultrasound imaging apparatus of claim 1, wherein
the controller determines a shape of the cervix based on the at
least one guide line, and

wherein the display displays a screen depicting the deter-

mined shape of the cervix.

7. The ultrasound imaging apparatus of claim 1, wherein
the display displays an ultrasound image obtained using the
ultrasound data.

8. The ultrasound imaging apparatus of claim 7, wherein
the display displays a screen in which the at least one guide
line is indicated on the ultrasound image.

9. The ultrasound imaging apparatus of claim 8, further
comprising a user interface configured to receive an input for
editing the at least one guide line indicated on the ultrasound
image.

10. The ultrasound imaging apparatus of claim 6, wherein
the display displays a schematic diagram corresponding to
the determined shape of the cervix on the screen.

11. The ultrasound imaging apparatus of claim 10, wherein
the display indicates at least one line corresponding to the at
least one guide line on the schematic diagram.

12. The ultrasound imaging apparatus of claim 7, wherein
the display displays a histogram corresponding to at least one
position included in the first region and indicates the at least
one position on the ultrasound image.

13. The ultrasound imaging apparatus of claim 6, wherein
the controller determines the shape of the cervix to be a first
shape among a plurality of predesignated shapes by using at
least one guide line, and

wherein the display displays a screen showing the shape of

the cervix determined to be the first shape.

14. A method of operating an ultrasound imaging appara-
tus, the method comprising:
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acquiring ultrasound data for an object including a cervix;

measuring at least one guide line corresponding to the

cervix based on the acquired ultrasound data; and
displaying measurement information regarding the at least
one guide line.

15. The method of claim 14, further comprising acquiring
ultrasound data including a fetal head region of the object.

16. The method of claim 15, wherein the at least one guide
line comprises at least one selected from a boundary line of
the fetal head region, a boundary line corresponding to a
funnel length of the cervix, and a boundary line correspond-
ing to a cervical length of the cervix, all the boundary lines
being indicated on an ultrasound image generated based on
the ultrasound data.

17. The method of claim 14, wherein the displaying of the
measurement information, comprises displaying at least one
selected from information about a shape of the cervix, a
funnel length of the cervix, a cervical length of the cervix, and
ahistogram corresponding to at least one position included in
the cervix.

18. The method of claim 14, further comprising:

determining a shape of the cervix based on the at least one

guide line, and

displaying a screen depicting the determined shape of the

cervix.

19. The method of claim 18, wherein the displaying of the
screen depicting the determined shape of the cervix com-
prises displaying at least one selected from a schematic dia-
gram corresponding to the shape of the cervix, an icon cor-
responding to the shape of the cervix, and a histogram
corresponding to at least one position included in the cervix.

20. The method of claim 19, wherein the displaying of the
screen depicting the determined shape of the cervix com-
prises indicating at least one line corresponding to the at least
one guide line on the schematic diagram.

21. The method of claim 18, further comprising:

displaying a histogram corresponding to at least one posi-

tion included in the cervix; and

indicating the at least one position on an ultrasound image.

22. The method of claim 14, further comprising displaying
an ultrasound image obtained using the ultrasound data.

23. The method of claim 22, wherein the displaying of the
ultrasound image comprises displaying a screen in which the
at least one guide line is indicated on the ultrasound image.

24. The method of claim 23, further comprising receiving
an input for editing the at least one guide line indicated on the
ultrasound image.

25. A non-transitory computer-readable recording medium
having recorded thereon a program for executing a method of
operating an ultrasound imaging apparatus, the method com-
prising:

acquiring ultrasound data for an object including a cervix;

measuring at least one guide line corresponding to the

cervix based on the acquired ultrasound data; and
displaying measurement information regarding the at least
one guide line.
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