US 20160063695A1

12) Patent Application Publication (o) Pub. No.: US 2016/0063695 A1

a9y United States

LEE 43) Pub. Date: Mar, 3, 2016
(54) ULTRASOUND IMAGE DISPLAY APPARATUS GO6K 9/62 (2006.01)
AND METHOD OF DISPLAYING AG6IB 8/08 (2006.01)
ULTRASOUND IMAGE A61B 8/00 (2006.01)
(52) US.CL
(71)  Applicant: SAMSUNG MEDISON CO., LTD., CPC .. GO6T 7/0012 (2013.01); A61B 8/5215
Hongcheon-gun (KR) (2013.01); A61B 8/463 (2013.01); A61B 8/465
(2013.01); GO6K 9/6201 (2013.01); GO6T
(72) Inventor: Kwang-hee LEE, Hongcheon-gun (KR) 15/08 (201301)’ GO6T 7/0028 (201301)’
. GO6T 7/0081 (2013.01); GO6T 2200/04
(73) Assignee: SAMSUNG MEDISON CO.,LTD., (2013.01); G06T220F7/]0]36 22013‘01); GO6T
Hongcheon-gun (KR) 2207/30096 (2013.01); GO6T 2207/30024
(21)  Appl. No.: 14/738,052 (2013.01); GO6T 2207/30196 (2013.01); GO6T
2210/41 (2013.01)
(22) Filed: Jun. 12, 2015
Related U.S. Application Data (57) ABSTRACT
(60) Provisional application No. 62/043,773, filed on Aug.
29, 2014. An ultrasound image display apparatus includes an image
(30) Foreign Application Priority Data processor which acquires respective pieces of ultrasound data
for a plurality of time points that represent an object including
0ct. 17,2014 (KR) v 10-2014-0141201 at least one target at a plurality of different time points and
acquires first information representing a change in the at least
Publication Classification one target during the plurality of different time points, based
on a correspondence between the respective pieces of ultra-
(51) Imt.Cl sound data for the plurality of time points; and a display

GO6T 7/00 (2006.01) which displays a screen image including a diagnosis image
GO6T 15/08 (2006.01) that shows the first information.
s 2000
WIRELESS PROBE
2100
TRANSMITTER
/2110 /2120 /2130
TRANSMISSION
PULSE
PULSER DELAYING GENERATOR
UNIT
10 / 2200
TRANSDUCER
/ 2300
RECEIVER
/2310 /2320 /2330 s 2340
RECEPTION
AMPLFER{—=  ADC || DELAYING || SUMMNG




US 2016/0063695 A1

002
AN

H3T10H1INOD

0097

30IA3A LNdNI

005~

AHOWINW

oov”

AV1dSIA

HOSS3IO0Hd
H31dd0d

oz~ &

Mar. 3,2016 Sheet 1 of 22

viz”

t]] HOLlWH3INTID

JOVIAI

HOSS300dd
JA0NW-4

o€

ozz”

z1z”

HOSS4304Hd
vivd

HOSS30CHd FOVAI

o1z

002~

o

000}

Patent Application Publication

98\,

TYNINHEL
318V.1H0d

SNLvHVddY
IvOIa3an

& BEELCER

ze”

3904d

HOLYDINNWNOD TTIE0W -+
oge” |
1
HOLVIINNNINOD d3HIM -1+
oee” m
HOLYOINNNINOD IONVH-LHOHS -
ore”
HOLYOINNINNOD
00e”
LINA HIAVIIA
ONILYESNZO NOISSINSNvyL | ] 835 1Nd
— viL” o1L”
2Ll HILLINSNVHL
oLL”
43AV13a
H3AAY [~\51 zosu =] 20 —ju3dndwy
ez1” 9z1” wz1” zz1”
H3IAIFDIH
0zL” HIAIFDSNYHL
aNNOSYHLIN
e

001

T "OId



Patent Application Publication

FIG. 2

10

Mar. 3,2016 Sheet 2 of 22

US 2016/0063695 A1

2000
WIRELESS PROBE
2100
TRANSMITTER
2110 2120 2130
TRANSMISSION
PULSE
PUSER =1 DELAYNG =1 genematon
UNIT
2200
TRANSDUCER
2300
RECEIVER
2310 230 2330 2340
RECEPTION
AMPLFIER|=| ADC || DELAYING |- SULWTNG
UNIT




Patent Application Publication =~ Mar. 3,2016 Sheet 3 of 22 US 2016/0063695 A1

FIG. 3
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ULTRASOUND IMAGE DISPLAY APPARATUS
AND METHOD OF DISPLAYING
ULTRASOUND IMAGE

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 62/043,773, filed on Aug. 29,
2014, inthe U.S. Patent and Trademark Office, and the benefit
of Korean Patent Application No. 10-2014-0141201, filed on
Oct. 17, 2014, in the Korean Intellectual Property Office, the
disclosures of which are incorporated herein in their entirety
by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to an ultrasound image display apparatus and a method
of displaying an ultrasound image, and more particularly, to
an ultrasound image display apparatus and a method of dis-
plaving an ultrasound image, by which a variation, over time,
in a target included in an object is easily diagnosed.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis apparatuses irradiate an ultra-
sound signal generated by a transducer of a probe to an object
and receives information regarding an echo signal reflected
from the object, thereby obtaining an image of a part inside
the object. In particular, ultrasound diagnosis apparatuses are
used for medical purposes, such as observation of the inside
of an object, detection of foreign substances inside the object,
and diagnosis of damage thereof. Such ultrasound diagnosis
apparatuses have various advantages, including stability,
real-time display, and safety because there is no exposure to
radiation, compared to X-ray apparatuses, and thus, the ultra-
sound diagnosis apparatuses are commonly used together
with other image diagnosis apparatuses.

[0006] An ultrasound image display apparatus and a
method of displaying an ultrasound image, by which ultra-
sound data acquired by an ultrasound diagnosis apparatus
may be efficiently displayed, are required.

SUMMARY

[0007] One or more exemplary embodiments include an
ultrasound image display apparatus and a method of display-
ing an ultrasound image, by which avariation, over time, in an
object is easily diagnosed. In detail, one or more exemplary
embodiments include an ultrasound image display apparatus
and a method of displaying an ultrasound image, by which,
when an object needs to be observed at time intervals, a user
may easily observe changes in the object at subsequent time
points.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0009] According to one or more embodiments of the
present invention, an ultrasound image display apparatus
includes an image processor which acquires respective pieces
of ultrasound data for a plurality of time points, which repre-
sent an object including at least one target at a plurality of
different time points, and acquires first information represent-
ing a change in the at least one target at the plurality of
different time points, based on a correspondence between the
respective pieces of ultrasound data for the plurality of time
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points; and a display which displays a screen image including
a diagnosis image that shows the first information.

[0010] The diagnosis image may be an ultrasound image
displayed so that states of the at least one target at the plurality
of different time points may be distinguished from one
another.

[0011] The respective pieces of ultrasound data for the plu-
rality of time points may include first ultrasound data
acquired by scanning the object at a first time point, and
second ultrasound data acquired by scanning the object at a
second time point.

[0012] The diagnosis image may be an ultrasound image in
which a first target image representing the at least one target
based on the first ultrasound data and a second target image
representing the at least one target based on the second ultra-
sound data are overlappingly displayed.

[0013] The first target image and the second target image
may be distinguishable from each other when displayed in the
diagnosis image.

[0014] A difference between the first target image and the
second target image may be highlighted in the diagnosis
image.

[0015] The image processor may acquire a first size of the
at least one target based on the first ultrasound data and a
second size of the at least one target based on the second
ultrasound data.

[0016] Thedisplay may further display at least one selected
from size information for the first size, size information for
the second size, and information representing a size change of
the at least one target, which are acquired based on the first
size and the second size.

[0017] Thedisplay may further display information abouta
size change of the at least one target over time at the plurality
of different time points.

[0018] Theimage processor may acquire second registered
data by transforming the second ultrasound data to align with
the first ultrasound data, and the screen image may further
include a first image based on the first ultrasound data and a
second image based on the second registered data.

[0019] The image processor may respectively segment a
plurality of separate areas included in the first ultrasound data
and a plurality of separate areas included in the second ultra-
sound data, respectively detect a reference point of each ofthe
plurality of separate areas included in the first ultrasound data
and each of the plurality of separate areas included in the
second ultrasound data, match a first reference point from
among the reference points included in the first ultrasound
data with a second reference point from among the reference
points included in the second ultrasound data, and perform
image registration with respect to the first ultrasound data and
the second ultrasound data, based on the matching between
the first reference point and the second reference point.
[0020] The image processor may match the first reference
point with the second reference point by using an iterative
closest point (ICP).

[0021] The image processor may detect volume informa-
tion about each of the plurality of separate areas and match the
first reference point with the second reference point, based on
the volume information.

[0022] The image processor may match the first reference
point with the second reference point by applying a weight to
each of the reference points based on the volume information.
[0023] The image processor may perform image registra-
tion with respect to the first ultrasound data and the second
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ultrasound data by using at least one selected from mutual
information, a correlation coefficient, ratio-image unifor-
mity, and partitioned intensity uniformity.

[0024] The image processor may perform image registra-
tion with respect to the first ultrasound data and the second
ultrasound data via a random sample consensus (RANSAC).
[0025] The image processor may respectively segment a
plurality of separate areas included in the firstultrasound data
and a plurality of separate areas included in the second ultra-
sound data, and detect at least one of the plurality of separate
areas included in each of the first ultrasound data and the
second ultrasound data, as at least one target area that is a
separate area for the at least one target.

[0026] Theimage processor may detect a size of each of the
plurality of separate areas and detect the target area based on
the size.

[0027] The object may be an ovary, and the at least one
target may include a follicle, in which ovulation is induced,
from among follicles included in the ovary.

[0028] The object may be a part of the abdomen including
a womb, and the at least one target may include at least one
tumor generated in at least one part of within a womb and an
outside womb.

[0029] Theultrasound image display apparatus may further
include a memory which stores the respective pieces of ultra-
sound data for the plurality of time points.

[0030] The screen image may include respective ultra-
sound images for a plurality of time points, which is obtained
based on the respective pieces of ultrasound data for the
plurality of time points, and the respective ultrasound images
for the plurality of time points may be arranged in the order of
time points at which the object is scanned.

[0031] The first information may represent a change in at
least one selected from the size, position, and number of the at
least one target at the plurality of different time points.
[0032] Theimage screen may further include target change
numeric information that numerically represents a change in
atleast one selected from the size, position, and number of the
at least one target.

[0033] The target change numeric information may include
a value of at least one selected from an area, a volume, a
long-axis length, a short-axis length, aradius, a diameter, and
a circumference that represent the size of the at least one
target.

[0034] The target change numeric information may include
a variation in the value of the at least one selected from the
area, the volume, the long-axis length, the short-axis length,
the radius, the diameter, and the circumference of the at least
one target.

[0035] The image processor may acquire respective ultra-
sound images for a plurality of time points based on the
respective pieces of ultrasound data for the plurality of time
points and set a weight for each of the respective ultrasound
images for the plurality of time points. The diagnosis image
may be an image in which respective ultrasound images for
the plurality of time points for each of which the weight is set
are overlapped with one another and displayed.

[0036] Theultrasound image display apparatus may further
include a communicator which receives the respective pieces
of ultrasound data for the plurality of time points from an
external source.

[0037] According to one or more embodiments of the
present invention, a method of displaying an ultrasound
image includes acquiring respective pieces of ultrasound data
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for a plurality of time points, which represent an object
including at least one target at a plurality of different time
points; acquiring first information representing a change in
the at least one target at the plurality of different time points,
based on a correspondence between the respective pieces of
ultrasound data for the plurality of time points; and displaying
a screen image including a diagnosis image that shows the
first information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0039] FIG. 1 is block diagram showing a configuration of
an ultrasound diagnosis apparatus 1000 according to an
embodiment of the present invention.

[0040] FIG. 2is ablock diagram showing a configuration of
a wireless probe 2000 according to an embodiment

[0041] FIG. 3isacross-sectional view of an object which is
to be diagnosed in an embodiment of the present invention;

[0042] FIG. 4A illustrates an example of a normal ovary;
[0043] FIG. 4B illustrates an example of'a polycystic ovary;
[0044] FIG. 5A is a block diagram of an ultrasound image

display apparatus according to an embodiment; FIG. 5B is a
block diagram of an ultrasound image display apparatus
according to another embodiment;

[0045] FIG. 6 illustrates an example of ultrasound data that
is acquired by ultrasound image display apparatuses accord-
ing to some embodiments;

[0046] FIG. 7 illustrates ultrasound images acquired from
such ultrasound data as FIG. 6;

[0047] FIG. 8 illustrates image registration that is per-
formed by image processors of ultrasound image display
apparatuses according to some embodiments;

[0048] FIG. 9 illustrates a diagnosis image that is acquired
by image processors of ultrasound image display apparatuses
according to some embodiments;

[0049] FIG. 10illustrates a diagnosis image thatis acquired
by image processors of ultrasound image display apparatuses
according to some embodiments;

[0050] FIG. 11 illustrates a screen of a display of ultrasound
image display apparatuses according to some embodiments;
[0051] FIGS. 12 and 13 illustrate processes in which am
image processor of an ultrasound image display apparatus
according to an embodiment acquires a diagnosis image via
image registration;

[0052] FIGS. 14-17 illustrate image registration that is per-
formed by using an iterative closest point (ICP);

[0053] FIG. 18 illustrates ultrasound data processing for
image registration that is performed by an image processor of
an ultrasound image display apparatus according to an
embodiment;

[0054] FIG. 19A illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment;

[0055] FIG. 19B illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment;

[0056] FIG. 20A illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment;
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[0057] FIG. 20B illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment;

[0058] FIG.21A illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment;

[0059] FIG. 21B illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment;

[0060] FIG. 22 illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment; and

[0061] FIG. 23 is a flowchart of an ultrasound image dis-
playing method according to an embodiment.

DETAILED DESCRIPTION

[0062] All terms including descriptive or technical terms
which are used herein should be construed as having mean-
ings that are obvious to one of ordinary skill in the art. How-
ever, the terms may have different meanings according to the
intention of one of ordinary skill in the art, precedent cases, or
the appearance of new technologies. Also, some terms may be
arbitrarily selected by the applicant, and in this case, the
meaning of the selected terms will be described in detail in the
detailed description of the invention. Thus, the terms used
herein have to be defined based on the meaning of the terms
together with the description throughout the specification.
[0063] When a part “includes” or “comprises” an element,
unless there is a particular description contrary thereto, the
part can further include other elements, not excluding the
other elements. 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
hardware or software or as a combination of hardware and
software.

[0064] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is obtained
using ultrasound waves. Furthermore, an “object” may be a
human, an animal, or a part of a human or animal. For
example, the object may be an organ (e.g., the liver, the heart,
the womb, the brain, a breast, or the abdomen), a blood vessel,
or a combination thereof. Also, the object may be a phantom.
The phantom means a material having a density, an effective
atomic number, and a volume that are approximately the same
as those of an organism.

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

[0066] Embodiments of the invention now will be
described more fully hereinafter with reference to the accom-
panying drawings, in which illustrative embodiments of the
invention are shown.

[0067] FIG.1isablockdiagram showing a configuration of
an ultrasound diagnosis apparatus 1000 according to an
embodiment of the present invention. Referring to FI1G. 1, the
ultrasound diagnosis apparatus 1000 may include a probe 20,
an ultrasound transceiver 100, an image processor 200, a
communication module 300, a display 300, a memory 400, an
input device 500, and a controller 600, which may be con-
nected to one another via buses 700.

[0068] The ultrasound diagnosis apparatus 1000 may be a
cart type apparatus or a portable type apparatus. Examples of
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portable ultrasound diagnosis apparatuses 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.

[0069] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the ultra-
sound transceiver 100 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 1000 by
wire or wirelessly.

[0070] A transmitter 110 supplies a driving signal to the
probe 20. The transmitter 1110 includes a pulse generator
112, a transmission delaying unit 114, and a pulser 116. The
pulse generator 112 generates pulses for forming transmis-
sion ultrasound waves based on a predetermined pulse rep-
etition frequency (PRF), and the transmission delaying unit
114 delays the pulses by delay times necessary for determin-
ing 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.

[0071] 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
reception delaying unit 126 delays digital echo signals output
by the ADC 1124 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 1126. Also, according to embodi-
ments of the present invention, the receiver 120 may not
include the amplifier 122. In other words, if the sensitivity of
the probe 20 or the capability of the ADC 124 to process bits
is enhanced, the amplifier 122 may be omitted.

[0072] The image processor 200 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 100 and displays the ultrasound image.
The ultrasound image may be not only a grayscale ultrasound
image obtained by scanning an object in an amplitude (A)
mode, a brightness (B) mode, and a motion (M) mode, but
also a Doppler image showing a movement of an object viaa
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.

[0073] A B mode processor 212 extracts B mode compo-
nents from ultrasound data and processes the B mode com-
ponents. An image generator 220 may generate an ultrasound
image indicating signal intensities as brightness based on the
extracted B mode components.

[0074] Similarly, a Doppler processor 214 may extract
Doppler components from ultrasound data, and the image
generator 220 may generate a Doppler image indicating a
movement of an object as colors or waveforms based on the
extracted Doppler components.



US 2016/0063695 A1l

[0075] According to an embodiment of the present inven-
tion, the image generator 220 may generate a three-dimen-
sional (3D) ultrasound image via volume-rendering with
respect to volume data and may also generate an elasticity
image by imaging deformation of the object 10 due to pres-
sure. Furthermore, the image generator 220 may display vari-
ous pieces of additional information in an ultrasound image
by using text and graphics. In addition, the generated ultra-
sound image may be stored in the memory 400.

[0076] A display 230 displays the generated ultrasound
image. The display 230 may display not only an ultrasound
image, but also various pieces of information processed by
the ultrasound diagnosis apparatus 1000 on a screen image
via a graphical user interface (GUI). In addition, the ultra-
sound diagnosis apparatus 1000 may include two or more
displays 230 according to embodiments of the present inven-
tion.

[0077] The communication module 300 is connected to a
network 30 by wire or wirelessly to communicate with an
external device or a server. The communication module 300
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 300 may
perform data communication according to the digital imaging
and communications in medicine (DICOM) standard.
[0078] The communication module 300 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 300 may receive informa-
tion about a diagnosis history or medical treatment schedule
ofapatient from a server and utilizes the received information
to diagnose the patient. Furthermore, the communication
module 300 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.

[0079] The communication module 300 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 300 may include one or more
components for communication with external devices. For
example, the communication module 1300 may include a
local area communication module 310, a wired communica-
tion module 320, and a mobile communication module 330,
[0080] The local area communication module 310 refers to
a module for local area communication within a predeter-
mined distance. Examples of local area communication tech-
niques according to an embodiment of the present invention
may include, but are not limited to, wireless LAN, Wi-Fi,
Bluetooth, ZigBee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC).

[0081] The wired communication module 320 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an embodiment of the present invention may
include communication via a twisted pair cable, a coaxial
cable, an optical fiber cable, and an Ethernet cable.

[0082] The mobile communication module 330 transmits
or receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
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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.
[0083] The memory 400 stores various data processed by
the ultrasound diagnosis apparatus 1000. For example, the
memory 400 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 1000.

[0084] The memory 400 may be any of various storage
media, e.g., aflash memory, a hard disk drive, EEPROM, etc.
Furthermore, the ultrasound diagnosis apparatus 1000 may
utilize web storage or a cloud server that performs the storage
fanction of the memory 400 online.

[0085] The input device 500 refers to a means via which a
user inputs data for controlling the ultrasound diagnosis appa-
ratus 1000. The input device 500 may include hardware com-
ponents, such as a keypad, a mouse, a touch panel, a touch
screen, and a jog switch. However, embodiments of the
present invention are not limited thereto, and the input device
1600 may further include any of various other input units
including an electrocardiogram (ECG) measuring module, a
respiration measuring module, a voice recognition sensor, a
gesture recognition sensor, a fingerprint recognition sensor,
an iris recognition sensor, a depth sensor, a distance sensor,
etc.

[0086] The controller 600 may control all operations of the
ultrasound diagnosis apparatus 1000. In other words, the
controller 600 may control operations among the probe 20,
the ultrasound transceiver 100, the image processor 200, the
communication module 300, the memory 400, and the input
device 500 shown in FIG. 1.

[0087] All or some of the probe 20, the ultrasound trans-
ceiver 100, the image processor 200, the communication
module 300, the memory 400, the input device 500, and the
controller 600 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 100, the image pro-
cessor 200, and the communication module 300 may be
included in the controller 1700. Howevet, embodiments of
the present invention are not limited thereto.

[0088] FIG. 2is ablock diagram showing a configuration of
a wireless probe 2000 according to an embodiment. As
described above with reference to FIG. 1, the wireless probe
2000 may include a plurality of transducers, and, according to
embodiments of the present invention, 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 FIG. 1, detailed descriptions
thereof will be omitted here. In addition, according to
embodiments of the present invention, 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 1000
shown in FIG.



US 2016/0063695 A1l

[0091] Anultrasound image display apparatus according to
an embodiment of the present invention includes all medical
imaging apparatuses capable of processing, generating, and/
or displaying an ultrasound image by using ultrasound data
that is acquired by at least one selected from the ultrasound
diagnosis apparatus 1000 of FIG. 1 and the wireless probe
2000 of FIG. 2.

[0092] The ultrasound image display apparatus according
to an embodiment of the present invention displays a first
ultrasound image including first information that represents a
change in at least one selected from the size, position, and
number of at least one target included in an object, by using
ultrasound data acquired by performing an ultrasound scan on
the object.

[0093] An object used herein is a body part that needs to be
examined in connection with gynecological disease, and thus
may be a part of the lower abdomen of a woman. In detail, the
object may be an ovary including at least one follicle. Alter-
natively, the object may be a womb including at least one
tumor or a part of the lower abdomen of a woman including at
least one tumor. Alternatively, the object may be a specific
body part or specific organ including at least one abnormal
tissue.

[0094] There are times that at least one target included in
the object needs to be monitored in connection with gyneco-
logical disease. In detail, there are times to scan the object at
a plurality of time points and observe how much the object
changes during a period of time including the plurality of time
points. For example, to cure the polycystic ovary syndrome, a
change in an ovary needs to be monitored at regular time
intervals during a predetermined period of time. As another
example, when a womb has a tumor such as a myoma, a user
needs to observe a change in the tumor at regular time inter-
vals and determine whether 1o cure the tumor. Moreover,
when an abnormal tissue that needs monitoring exists, a user
needs to observe a change in the abnormal tissue at regular
time intervals and determine whether to cure the abnormal
tissue.

[0095] FIG.3isacross-sectional view of an object which is
to be diagnosed in an embodiment of the present invention.
[0096] Referring to FIG. 3, a womb 310 exists in the lower
abdomen of a woman. An ovary 330 is connected to the womb
310 via a fallopian tube 320 included in the womb 310. The
ovary 330 includes several follicles and releases one enlarged
follicle from among the several follicles according to an ovu-
lation cycle (ovulation). However, if an enlarged follicle fails
to be released from an ovary and is left in an ovary, a cyst is
generated. When ovulation does not occur, menstruation may
be irregular, causing sterility. Thus, to determine whether an
ovary, which is set as an object, and ovulation of the ovary are
normal, the ovary needs to be observed at a plurality of
different time points. In this case, an object is the ovary, and
a target may be at least one follicle included in the ovary.
[0097] A tumor, such as a myoma, an abnormal tissue, or
the like may be generated within the womb 310. Such a tumor
or abnormal tissue does not need an action such as an urgent
surgery, in contrast with a cancer tissue that is a malignant
tumor. However, such a tumor or abnormal tissue may turn to
a woman disease such as sterility, and thus there is a need to
observe how the tumor or abnormal tissue changes at subse-
quent time points via monitoring.

[0098] In detail, myomas that may be generated in a body
part adjacent to the womb 310 include a submucous myoma
341 generated within a uterine cavity that is the inside of the
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womb 310, an intramural myoma 342 generated outside the
uterine cavity, and a subserous myoma 343 generated on a
serous membrane that is the outside of the womb 310. In this
case, the object may be the lower abdomen including the
womb 310, and the target may be a specific myoma.

[0099] As described above, when at least one target
included in an object needs to be monitored over time or a
change in the at least one target needs to be observed over
time, the ultrasound image display apparatus according to an
embodiment of the present invention enables a user to easily
ascertain and diagnose changes in the target at a plurality of
different time points, thereby increasing user convenience.
The ultrasound image display apparatus according to an
embodiment of the present invention will now be described in
detail with reference to FIGS. 4A-22.

[0100] A casewhere the objectis anovary including at least
one follicle and the target is a follicle included in the ovary
will now be described as an example. In detail, the ultrasound
diagnosis apparatus 1000 of FIG. 1 may acquire ultrasound
data about the ovary by scanning the object, namely, the
ovary, and a user may diagnose the ovary based on the
acquired ultrasound data.

[0101] FIG. 4A illustrates an example of a normal ovary 40.
[0102] Referring to FIG. 4A, the normal ovary 40 includes
numerous primordial follicles (not shown). When a menstrual
cycle starts, a plurality of primordial follicles from among the
numerous primordial follicles start growing. In the case of
human being, about 6-12 primordial follicles start growing.
Only one follicle is selected as a dominant follicle 41 from
among the plurality of primordial follicles, and the dominant
follicle 41 is completely grown and then released.

[0103] A polycystic ovary syndrome (PCOS) is a disease in
which more follicles than a normal number of follicles are
grown within an ovary or follicles are not grown enough to
release their ova even when many follicles are grown. The
PCOS may cause sterility. For example, when the object is a
human and at least 12 follicles each having a size of 2-9 mm
are grown within an ovary of the human, the human may have
the PCOS.

[0104] FIG. 4B illustrates an example of a polycystic ovary
50.
[0105] Referring to FIG. 4B, compared to the normal ovary

40 of FIG. 4A, the polycystic ovary 50 includes a plurality of
grown follicles 51. In the polycystic ovary 50, follicles that
are not released may form cysts 52.

[0106] In the case of the PCOS, ovulation may be induced
by giving a medicine to a patient so that only one of the
plurality of grown follicles 51 is released. A follicle for which
ovulation is induced will be hereinafter referred to as a
selected follicle. The selected follicle may be at least one of
the plurality of grown follicles 51. A diagnosis of whether the
selected follicle grows normally during ovulation induction
may be necessary.

[0107] To diagnose whether the selected follicle grows nor-
mally, the size of the selected follicle needs to be monitored
over time. A part of the object that needs to be monitored for
changes over time, such as, the selected follicle, will be here-
inafter referred to as a target. Accordingly, at least one follicle
included in an ovary will now be referred to atleast one target.
[0108] FIG. 5A is a block diagram of an ultrasound image
display apparatus 3000 according to an embodiment. The
ultrasound image display apparatus 3000 of FIG. 5A may be
included in the ultrasound diagnosis apparatus 1000 of FIG.
1. Alternatively, the ultrasound image display apparatus 3000
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of FIG. 5A may be included in the medical apparatus 34 or the
portable terminal 36 connected to the ultrasound diagnosis
apparatus 100 via the network 30. The ultrasound image
display apparatus 3000 may be any imaging apparatus
capable of acquiring, processing, and displaying an ultra-
sound image. Accordingly, although not described individu-
ally, the above description may be applied to several compo-
nents included in the ultrasound image display apparatus
3000 of FIG. 5A.

[0109] Referring to FIG. 5A, the ultrasound image display
apparatus 3000 includes an image processor 3100 and a dis-
play 3200.

[0110] The image processor 3100 acquires respective
pieces of ultrasound data for a plurality of time points that
represent an object including at least one target at a plurality
of different time points. The image processor 3100 also
acquires first information representing a change in the at least
one target at the plurality of different time points, based on a
correspondence between the acquired respective pieces of
ultrasound data for the plurality of time points. The first
information may include information that represents a change
in at least one selected from the size, position, and number of
the at least one target at the plurality of different time points.
[0111] In detail, the image processor 3100 acquires a plu-
rality of pieces of ultrasound data corresponding to a plurality
of time points by respectively scanning an object including at
least one target at a plurality of different time points. The
image processor 3100 also acquires first information that
represents a change in at least one selected from the size,
position, and number of the at least one target at the plurality
of different time points, by performing image registration
with respect to the respective pieces of ultrasound data for the
plurality of time points. The object may be an ovary, and the
target may be a follicle. In detail, the target may be a follicle
that needs to be monitored over time, such as, the aforemen-
tioned selected follicle.

[0112] For example, as for a patient having the PCOS, a
follicle for which ovulation is induced is set as a target, and it
is necessary to monitor whether the selected follicle grows
normally during an ovulation cycle. In the aforementioned
example, the image processor 3100 acquires first information
that represents a change in the target during a predetermined
period of time included in the ovulation cycle.

[0113] Indetail, the first information may be an ultrasound
image representing a change in the state of the target that
includes changes of the size, position, and number of the
target. When the first information is an ultrasound image, the
firstinformation may be a first ultrasound image. In detail, the
first information may be a first ultrasound image acquired by
performing image registration with respect to the respective
pieces of ultrasound data for the plurality of time points.
[0114] The first information may include numerical values
that numerically represent the changes of the size, position,
and number of the target. In detail, the first information may
be a numerical value that represents a change in the target that
is acquired by a registered image obtained by performing
image registration with respect to the respective pieces of
ultrasound data for the plurality of time points.

[0115] Thedisplay 3200 displays a screen image including
a diagnosis image that shows the first information. The diag-
nosis image is acquired based on the registered image
obtained by performing image registration with respect to the
respective pieces of ultrasound data for the plurality of time
points, and accordingly means an ultrasound image from
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which a user may visually recognize the first information. In
detail, the diagnosis image may be an ultrasound image dis-
played so that states of the at least one target at the plurality of
time points may be distinguished from one another. The diag-
nosis image that shows the first information will be described
later in detail with reference to FIGS. 10 and 11.

[0116] An exemplary case where the respective pieces of
ultrasound data for the plurality of time points acquired by the
image processor 3100 include first ultrasound data acquired
by scanning the object at a first time point and second ultra-
sound data acquired by scanning the object at a second time
point will now be described. In other words, an exemplary
case where the first information is acquired using pieces of
ultrasound data respectively acquired by scanning the object
at the first time point and the second time point, which is
different from the first time point, will now be described.
[0117] In detail, the diagnosis image displayed on the dis-
play 3200 may be an ultrasound image in which a first target
image of the at least one target based on the first ultrasound
data and a second target image of the at least one target based
on the second ultrasound data are overlappingly displayed.
[0118] FIG. 5B is a block diagram of an ultrasound image
display apparatus 3050 according to another embodiment.
The ultrasound image display apparatus 3050 of FIG. 5B may
further include a communicator 3300 and a memory 3400,
compared with the ultrasound image display apparatus 3000
of FIG. 5A. The components included in the ultrasound image
display apparatus 3050 may be connected to one another via
a bus 3500.

[0119] The communicator 3300 may receive respective
pieces of ultrasound data for a plurality of time points from an
external source. In detail, when the ultrasound image display
apparatus 3050 does not acquire the respective pieces of
ultrasound data for the plurality of time points via an ultra-
sound scan, the ultrasound image display apparatus 3050 may
receive, from an external ultrasound diagnosis apparatus (not
shown), respective pieces of ultrasound data for a plurality of
time points acquired by scanning an object at different time
points.

[0120] In detail, the communicator 3300 may receive first
ultrasound data and second ultrasound data. The communi-
cator 3300 may receive the first ultrasound data and the sec-
ond ultrasound data simultaneously or at different times. The
communicator 3300 may receive the first ultrasound data and
the second ultrasound data from the ultrasound diagnosis
apparatus 1000 or the server 32 of FIG. 1.

[0121] The memory 3400 may store at least one selected
from the first ultrasound data and the second ultrasound data.
[0122] The first ultrasound data and the second ultrasound
data may each refer to 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).
The first ultrasound data and the second ultrasound data may
each be volume data formed of voxels. Each voxel may cor-
respond to a voxel value, and the voxel value may be bright-
ness and/or color information.

[0123] FIG. 6 illustrates an example of ultrasound data that
is acquired by ultrasound image display apparatuses accord-
ing to some embodiments. In FIG. 6, reference numerals 62,
64, and 66 represent a sagittal view, a coronal view, and an
axial view, respectively, which intersect with one another. In
FIG. 6, an axial direction indicates a direction in which an
ultrasound signal travels with respect to a transducer of the
ultrasound probe 20 of FIG. 1, a lateral direction indicates a
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direction in which a scan line moves, and an elevation direc-
tion is a depth direction of a 3D ultrasound image and indi-
cates a direction in which a frame (i.e., a scanning plane)
moves.

[0124] A case where an ultrasound image display apparatus
according to an embodiment of the present invention is the
ultrasound image display apparatus 3050 of FIG. 5B will now
be described as an example.

[0125] FIG. 7 illustrates ultrasound images acquired from
such ultrasound data as FIG. 6.

[0126] Referring to FIG. 7, aplurality of ultrasound images
72,74, 76, and 78 may be acquired from ultrasound data that
is volume data. The ultrasound images 72, 74, and 76 may be
cross-sectional images obtained by imaging a cross-section
included in the volume data, and the ultrasound image 78 is a
3D ultrasound image obtained by volume-rendering the vol-
ume data. For example, the ultrasound images 72, 74, and 76
may represent the sagittal view 62, the coronal view 64, and
the axial view 66 of FIG. 6, respectively.

[0127] The 3D ultrasound image 78 acquired from ultra-
sound data about an ovary shows a plurality of follicles or
cysts having globular shapes. A follicle image 71 that is
bulkiest among a plurality of follicle images each represented
as a globular shape in the 3D ultrasound image 78 may be an
image of a selected follicle, a polycystic ovary, in which
ovulation is induced.

[0128] Circular dark areas in the ultrasound images 72, 74,
and 76 may be images of follicles or cysts, because an area for
afollicle or a cyst in the ultrasound data has low brightness. A
follicle image 71 that is bulkiest in each of the ultrasound
images 72, 74, and 76 may be a cross-sectional image of the
selected follicle.

[0129] To diagnose whether the selected follicle grows nor-
mally, respective pieces of ultrasound data acquired by scan-
ning an object at different time points may be used. However,
since the object is scanned at the different time points, the
position of the probe 20 of FIG. 1 scanning the object may
vary. Accordingly, the respective pieces of ultrasound data
acquired at the different time points are acquired in different
coordinate systems, and thus the coordinate systems of the
respective pieces of ultrasound data are different. There may
exist an outlier that is present in one of the respective pieces
of ultrasound data acquired at the different time points but is
not present in the other pieces of ultrasound data. The size of
a follicle may vary over time. These factors may make it
difficult to diagnose whether the selected follicle grows nor-
mally by using ultrasound data. The ultrasound image display
apparatuses 3000 and 3050 according to embodiments of the
present invention overcome the difficulties in the diagnosis
and thus acquire the first information by image-registering
the respective pieces of ultrasound data for the plurality of
time points and display the first information so that a user may
easily ascertain a change in the target and easily diagnose the
object.

[0130] FIG. 8 illustrates image registration that is per-
formed by image processors of ultrasound image display
apparatuses according to some embodiments.

[0131] Referring to FIG. 8, first ultrasound data 4000 may
include a plurality of first separate areas SA1, and second
ultrasound data 5000 may include a plurality of second sepa-
rate areas SA2. The first ultrasound data 4000 is acquired by
scanning an object at a first time point, and the second ultra-
sound data 5000 is acquired by scanning the object at a second
time point that is different from the first time point. Although
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FIG. 8 illustrates that the first ultrasound data 4000 and the
second ultrasound data 5000 are 2D data, this is an example
for convenience of explanation and illustration. The first
ultrasound data 4000 and the second ultrasound data 5000
may each be volume data.

[0132] The first and second separate areas SA1 and SA2
may each be a group of voxels having voxel values that range
within a predetermined range. When the ultrasound data 4000
and 5000 are data about an ovary, areas for follicles or cysts
within the ultrasound data 4000 and 5000 have low bright-
ness, and thus the voxels corresponding to the ultrasound data
4000 and 5000 may have low voxel values. The first and
second separate areas SA1 and SA2 may each be a group of
voxels having voxel values that are smaller than a threshold
value. In other words, the first and second separate areas SA1
and SA2 may each be a group of voxels corresponding to a
follicle or a cyst.

[0133] One of the first separate areas SA1 of the first ultra-
sound data 4000 may be a first target area 4010, and one of the
second separateareas SA2 of the second ultrasound data 5000
may be a second target area 5010. Each of the first and second
target areas 4010 and 5010 is a separate area of a target in
whicha change overtime is to be monitored. In detail, the first
target area 4010 represents a state of a predetermined target at
the first time point, and the second target area 5010 represents
a state of the predetermined target at the second time point.
The target may be a selected follicle for which ovulation is
induced from among the follicles included in the polycystic
ovary 50 of FIG. 4B. The target that is to be monitored may be
at least one follicle, but, for convenience of explanation, FIG.
8 and the drawings described below illustrate a case where the
target is one follicle, in detail, one selected follicle.

[0134] Since the first ultrasound data 4000 and the second
ultrasound data 5000 are acquired by scanning the object at
different times, the first ultrasound data 4000 and the second
ultrasound data 5000 are acquired in different coordinate
systems. This is because, since the object is scanned at the
different times, the position of the probe 20 of FIG. 1 scan-
ning the object may vary.

[0135] The image processor 3100 of FIG. 5B performs
image registration with respect to the first ultrasound data
4000 and the second ultrasound data 5000. The image regis-
tration is the process of transforming the first ultrasound data
4000 and the second ultrasound data 5000 into one coordinate
system. The image processor 3100 may acquire second reg-
istered data 5100 by transforming the second ultrasound data
5000 so that the second ultrasound data 5000 is registered to
the first ultrasound data 4000. On the other hand, the image
processor 3100 may acquire first registered data (not shown)
by transforming the first ultrasound data 4000 so that the first
ultrasound data 4000 is registered to the second ultrasound
data 5000. A case where the second ultrasound data 5000 is
transformed to be registered to the first ultrasound data 4000
will now be described as an example. Image registration may
be performed via various image processing techniques. For
example, the image processor 3100 may acquire the second
registered data 5100 by fixing the first ultrasound data 4000
and spatially registering the second ultrasound data 5000 to
align with the first ultrasound data 4000. Alternatively, the
image processor 3100 may acquire the second registered data
5100 by fixing the first ultrasound data 4000 and performing
linear transformation, such as translation or rotation, on the
second ultrasound data 5000.
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[0136] When the first ultrasound data 4000 and the second
ultrasound data 5000 are registered, at least one pair of sepa-
rate areas SA1 and SA2 from among the first separate areas
SA1 and the second separate areas SA2 may be registered. In
particular, the first target area 4010 and the second target area
5010 may be registered. In other words, the first target area
4010 and the second target area 5010 may overlap with each
other.

[0137] The first target area 4010 may be the bulkiest area
from among the first separate areas SA1, and the second target
area 5010 may also be the bulkiest area from among the
second separate arcas SA2. Alternatively, the target areas
4010 and 5010 may be a pair of separate areas SA1 and SA2
of which volume changes are the greatest from among pairs of
the first and second separate areas SA1 and SA2 that have
been registered.

[0138] FIG. 9 illustrates a diagnosis image 6000 that is
acquired by image processors of ultrasound image display
apparatuses according to some embodiments.

[0139] Referring to FIGS. 8 and 9, the diagnosis image
6000 is acquired based on the first ultrasound data 4000 and
the second ultrasound data 5000 that have been registered.
The diagnosis image 6000 may be a volume-rendered image
obtained based on the first ultrasound data 4000 and the
second registered data 5100. Alternatively, the diagnosis
image 6000 may be a cross-sectional image acquired from the
first ultrasound data 4000 and the second registered data
5100.

[0140] In detail, the diagnosis image 6000 represents first
information that represents a change in at least one selected
from the size, position, and number of the at least one target at
the plurality of different time points.

[0141] In detail, the diagnosis image 6000 may include
images SI of pairs of the registered separate areas SA1 and
SA2. Each of the images SI may be an image of a pair of
registered separate areas SA1 and SA2. The image processor
may perform image processing so that the images SI are
displayed distinguishably. Alternatively, the image processor
may perform image processing so that the first separate area
SA1 and the second separate area SA2 that are a pair of
registered separate areas SA1 and SA2 may be displayed
distinguishably. For example, the images SI of the pairs of the
registered separate areas SA1 and SA2 in the diagnosis image
6000 may be distinguished from each other by an outline, a
color, a pattern, or the like.

[0142] Inparticular, the diagnosis image 6000 may include
a first target image 4020 and a second target image 5020. In
the diagnosis image 6000, the first target image 4020 and the
second target image 5020 may overlap with each other. The
first target image 4020 is an image of the target that is based
on the first ultrasound data 4000. In other words, the first
target image 4020 may be an image of the target that is based
on the voxel values of the first target area 4010. Similarly, the
second target image 5020 is an image of the target that is
based on the second ultrasound data 5000. In other words, the
second target image 5020 may be an image of the target that
is based on the voxel values of the second target area 5010.
[0143] Referring to FIG. 9, as described above, in the diag-
nosis image 6000, the first target image 4020 corresponding
to a state of the target, which is a specific follicle included in
an ovary, at the first time point and the second target image
5020 corresponding to a state of the target at the second time
point are registered and overlapped. Accordingly, a user may
easily recognize a change in the target between the first time
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point and the second time point from the diagnosis image
6000. Although a 2D diagnosis image is illustrated in FIG. 9
and the drawings described below, a 3D diagnosis image may
be used.

[0144] The image processor may perform image process-
ing so that the first target image 4020 and the second target
image 5020 are displayed distinguishably in the diagnosis
image 6000. For example, in the diagnosis image 6000, the
first target image 4020 and the second target image 5020 may
be distinguished from each other by different colors, different
types of outlines, or different types of patterns.

[0145] Alternatively, the image processor may perform
image processing so that a difference between the first target
image 4020 and the second target image 5020 is emphasized
in the diagnosis image 6000. For example, a portion of the
diagnosis image 6000 that corresponds to the difference may
be highlighted with a color that is distinguished from the
colors of the other portions.

[0146] As such, the ultrasound image display apparatuses
according to some embodiments make a user intuitively and
easily recognize a change in the object over time. Thus, the
user may easily diagnose the change in the object or the
change in the target included in the object over time. When the
target is a selected follicle for which ovulation is induced
from among follicles included in a polycystic ovary, the ultra-
sound image display apparatuses according to some embodi-
ments enable a user to easily recognize a changed in the size
of the selected follicle over time and thus easily diagnose
whether the selected follicle normally grows over time.
[0147] FIG. 10 illustrates a diagnosis image 6001 that is
acquired by image processors of ultrasound image display
apparatuses according to some embodiments.

[0148] Referring to FIGS. 8 and 10, the image processors
may acquire a first size of the target based on the first ultra-
sound data 4000 and acquire a second size of the target based
on the second ultrasound data 5000. In detail, the first size and
the second size of the target may be respectively acquired
based on the first target area 4010 and the second target area
5010. The first size may be at least one selected from the
volume of the first target area 4010, the long-axis length
thereof, the short-axis length thereof, the radius thereof, the
diameter thereof, and the area of a cross-section thereof, and
the second size may be at least one selected from the volume
of the second target area 5010, the long-axis length thereof,
the short-axis length thereof, the radius thereof, the diameter
thereof, and the area of a cross-section thereof.

[0149] The display 3200 of FIG. 5B may display the diag-
nosis image 6001 in which the first target image 4021 and the
second target image 5021 are overlappingly displayed, and
may further display size information 6030 of the target. The
size information 6030 of the target may include the first size
and the second size. The size information 6030 may further
include information about a change in the size of the target
over time. For example, the information about the change in
the size of the target over time may be a difference between
the first size and the second size or a size change rate based on
the first size and the second size.

[0150] FIG. 11 illustrates a screen 3201 of a display of an
ultrasound image display apparatus according to an embodi-
ment.

[0151] Referring to FIGS. 8 and 11, a first image 4003 and
a second image 5003 may be displayed together with a diag-
nosis image 6003 on the screen 3201 of the display. In the
diagnosis image 6003, a first target image 4023 and a second
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target image 5023 overlap with each other. The first image
4003 and the second image 5003 are acquired based on
respective pieces of registered ultrasound data for a plurality
of time points, in detail, based on the first ultrasound data
4000 and the second registered data 5100, and are respective
ultrasound images for a plurality of time points that are dis-
played in an identical coordinate system. In detail, the first
image 4003 includes a first target image 4022 as an image
based on the first ultrasound data 4000, and the second image
5003 includes a second target image 5022 as an image based
on the second registered data 5100. The first image 4003 may
be obtained by volume-rendering the first ultrasound data
4000, and the second image 5003 may be obtained by vol-
ume-rendering the second registered data 5100. Alternatively,
the first image 4003 may be a cross-sectional image including
a cross-section of the first target area 4010 in the first ultra-
sound data 4000, and the second image 5003 may be a cross-
sectional image including a cross-section of the second target
area 5010 in the second registered data 5100. Fach of the
respective cross-sections of the first target area 4010 and the
second target area 5010 in the second registered data 5100
may be a cross-section of an image obtained by registering the
first ultrasound data 4000 and the second ultrasound data
5000.

[0152] As illustrated in FIG. 11, the first image 4003 and
the second image 5003 may be displayed simultaneously on
the screen 3201. Alternatively, the first image 4003 and the
second image 5003 may be sequentially displayed on the
screen 3201. When the first ultrasound data 4000 is acquired
by scanning the object at a first time point and the second
ultrasound data 5000 is acquired by scanning the object at a
second time point subsequent to the first time point, the first
image 4003 may be first displayed and the second image 5003
may be then displayed.

[0153] As such, the ultrasound image display apparatuses
according to some embodiments make a user intuitively and
easily recognize a change in the object over time, by display-
ing a diagnosis image acquired by registering the first and
second ultrasound data.

[0154] FIGS. 12 and 13 illustrate processes in which an
image processor of an ultrasound image display apparatus
according to an embodiment acquires a diagnosis image via
image registration.

[0155] Referring to FIG. 12, the image processor 3100 of
FIG. 5B may respectively detect a plurality of separate areas
1a-5a and a plurality of separate areas 15-7b by respectively
segmenting the first ultrasound data 7000 and the second
ultrasound data 8000. Although FIG. 12 illustrates that the
first ultrasound data 7000 and the second ultrasound data
8000 are 2D data, this is an example for convenience of
explanation and illustration. The first ultrasound data 7000
and the second ultrasound data 8000 may each be volume
data.

[0156] The first ultrasound data 7000 may include the plu-
rality of separate areas 1a-5a, and the second ultrasound data
8000 may include the plurality of separate areas 15-7b. Each
of the separate areas 1a-5a and 1 »-76 may be a group of
pixels or voxels corresponding to a follicle or a cyst. The
image processor may segment the first ultrasound data 7000
and the second ultrasound data 8000, based on the pixel
values of the pixels or the voxel values of the voxels. Each of
the separate areas 1a-5a and 1 b-7b may be an area formed of
a group of voxels having voxel values that range within a
predetermined range. The image processor may label the
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separate areas 1a-5a in the first ultrasound data 7000 and the
separate areas 15-7b in the second ultrasound data 8000 so
that the separate areas 1a-5a are distinguished from the sepa-
rate areas 1b-7b.

[0157] The image processor 3100 may perform image reg-
istration with respect to the first ultrasound data and the
second ultrasound data via a random sample consensus
(RANSAC). The RANSAC is a method of randomly select-
ing pieces of sample data and then selecting pieces of sample
data that reach a maximum consensus from among the ran-
domly selected pieces of sample data. An outlier may be
removed via the RANSAC. The outlier may be present in the
first ultrasound data but may be absent in the second ultra-
sound data, or vice versa. In FIG. 12, the separate arca 76 of
the second ultrasound data 8000 corresponds to the outlier.
The outlier may reduce the accuracy of image registration.
Accordingly, the accuracy of image registration may be
increased by removing the outlier via the RANSAC.

[0158] The image processor may detect reference points
11a-15a for the separate areas 1a-5a included in the first
ultrasound data 7000 and reference points 115-165 for the
separate areas 1b-6b except for the outlier included in the
second ultrasound data 8000. The reference points 11a-15a
and 115-165 may be centroid points or average points of the
separate areas 1a-5a and 1 b-6b, respectively.

[0159] The image processor may acquire volume informa-
tion for each of the separate areas 1a-5a and 15-6b. For
example, the volume information may include at least one of
the volume, long-axis length, short-axis length, shape, and
the like of each of the separate areas 1a-5a and 1 5-65.
[0160] Referring to FIGS. 12 and 13, the image processor
may register the first ultrasound data 7000 and the second
ultrasound data 8000 to thereby acquire second registered
data 8100 in which the second ultrasound data 8000 is trans-
formed to be registered to the first ultrasound data 7000. The
second registered data 8100 may be obtained based on match-
ing between the first reference points 11a-154¢ included in the
first ultrasound data 7000 and the second reference points
115-16b included in the second ultrasound data 8000.
[0161] Theimage processor may acquire a diagnosis image
9000 based on the first ultrasound data 7000 and the second
registered data 8100. In the diagnosis image 9000, a first
target image 9100 and a second target image 9200 may over-
lap with each other. Since the above descriptions of a diag-
nosis image are all applicable to the diagnosis image 9000,
redundant descriptions thereof will be omitted.

[0162] The image processor may respectively detect target
areas 2a and 5b which are separate areas of a target, from the
plurality of separate areas 1a-5a of the first ultrasound data
7000 and the plurality of separate areas 15-7b of the second
ultrasound data 8000. The respective target areas 2a and 55 of
the first ultrasound data 7000 and the second ultrasound data
8000 may correspond to the first and second target areas 4010
and 5010 of FIG. 8, respectively. Accordingly, since the above
descriptions of the first and second target areas 4010 and 5010
are all applicable to the target areas 2a and 5b, redundant
descriptions thereof will be omitted.

[0163] Thetarget areas 2a and 55 may be detected based on
the volume information about each of the separate areas
la-5aand 1 b-6b. For example, the target areas 2a and 56 may
be detected based on the shapes of the separate areas 1a-5a
and 1 »-65 and the volumes of the separate areas 1a-5a and 1
b-6b. Alternatively, the target areas 2a and 5 may be detected
after image registration is completed.
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[0164] The image processor may perform image registra-
tion with respect to the first ultrasound data 7000 and the
second ultrasound data 8000 by using an iterative closest
point (ICP).

[0165] FIGS. 14-17 illustrate image registration that is per-
formed using an ICP.

[0166] Referring to FIG. 14, the image processor may
detect a reference point that is closest to each of the reference
points 11a-15a of the first ultrasound data 7000 from among
the reference points 115-165 of the second ultrasound data
8000 and match the detected closest reference points with the
reference points 11a-15a.

[0167] The reference points 11a, 12a, 13a, and 15a of the
first ultrasound data 7000 may be matched with the reference
point 115 that is closest thereto from among the reference
points 115-165 of the second ultrasound data 8000, and the
reference point 14a of the first ultrasound data 7000 may be
matched with the reference point 155 that is closest thereto
from among the reference points 115-165 of the second ultra-
sound data 8000.

[0168] When matching each of the reference points 11a-
15a of the first ultrasound data 7000 with one of the reference
points 115-165 of the second ultrasound data 8000, the image
processor may perform the matching based on a distance
between the reference points and volume information
between the reference points. The image processor may
match the reference points by applying a weight to each of the
reference points based on the volume information. For
example, a higher weight may be applied to a reference point
of the second ultrasound data having similar volume infor-
mation to the volume information of a reference point of the
first ultrasound data than to the other reference points. On the
other hand, alower weight may be applied to a reference point
of the second ultrasound data having volume information not
similar to the volume information of a reference point of the
first ultrasound data than to the other reference points. In
other words, different weights may be applied to the plurality
of reference points. The weights that are respectively applied
to the reference points may be determined based on pieces of
volume information about the separate areas corresponding
to the reference points.

[0169] The image processor may transform the second
ultrasound data based on a result of the matching. For
example, the image processor may acquire a translation
degree and/or a rotation degree of the second ultrasound data,
based on a result of the matching, and accordingly may per-
form linear transformation on the second ultrasound data.

[0170] FIG. 15 illustrates the reference points 11a-15a of
the first ultrasound data 7000 and reference points 116-165 of
the second ultrasound data 8000 that have been obtained via
transformation according to a result of the matching illus-
trated in F1G. 14.

[0171] Referring to FIG. 15, the image processor may
match a reference point that is closest to each of the reference
points 11a-15a of the first ultrasound data 7000 from among
the reference points 115-165 of the second ultrasound data
8000 with each of the reference points 11a-15a4.

[0172] The reference points 11a and 124 of the first ultra-
sound data 7000 may be matched with the reference point 115
of the second ultrasound data 8000, the reference points 13a
and 15a of the first ultrasound data 7000 may be matched with
the reference point 124 of the second ultrasound data 8000,
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and the reference point 14a of the first ultrasound data 7000
may be matched with the reference point 155 of the second
ultrasound data 8000.

[0173] The image processor may transform again the sec-
ond ultrasound data 800 based on a result of the matching.
[0174] FIG. 16 illustrates the reference points 11a-15a of
the first ultrasound data 7000 and reference points 115-165 of
the second ultrasound data 8000 that have been obtained via
transformation according to a result of the matching illus-
trated in F1G. 15.

[0175] Referring to FIG. 16, the image processor may
match again a reference point that is closest to each of the
reference points 11a-15a of the first ultrasound data 7000
from among the reference points 115-165 of the second ultra-
sound data 8000 with each of the reference points 11a-15a.
The reference points 11a, 12a, 134, 144, and 15a of the first
ultrasound data 7000 may be matched with the reference
points 115, 155, 125, 165, and 135 of the second ultrasound
data 8000, respectively. The image processor may transform
again the second ultrasound data according to a result of the
matching.

[0176] FIG. 17 illustrates the reference points 11a-15a of
the first ultrasound data 7000 and reference points 115-165 of
the second ultrasound data 8000 that have been obtained via
transformation according to a result of the matching illus-
trated in FIG. 16.

[0177] Referring to FIG. 17, each of the reference points
11a-15a of the first ultrasound data 7000 coincides with one
of the reference points 115-165 of the second ultrasound data
8000. Accordingly, image registration of the first ultrasound
data and the second ultrasound data is completed.

[0178] Referring back to FIG. 13, after the image registra-
tion is completed, the image processor may respectively
detect the target areas 2a and 55 from the plurality of separate
areas la-5a of the first ultrasound data 7000 and the plurality
of separate areas 15-7b of the second registered data 8100.
The target areas 2a and 56 may be detected based on the
volume information about each of the separate areas 1a-5a
and 1 5-6b. For example, the target areas 2a and 55 may be
detected based on at least one selected from the shapes of the
separate areas la-Sa and 15-65, the volumes thereof, and
volume variations thereof.

[0179] FIG. 18 illustrates ultrasound data processing for
image registration that is performed by an image processor of
an ultrasound image display apparatus according to an
embodiment.

[0180] Referring to FIG. 18, to register the first ultrasound
data 7000 and the second ultrasound data 8000, the image
processor may acquire second ultrasound data sets 8000,
8001, 8002, and 8003 by transforming the second ultrasound
data 8000 variously. The second ultrasound data sets 8000,
8001, 8002, and 8003 may be acquired by spatially trans-
forming or linearly transforming the second ultrasound data
8000. The image processor may perform image registration
with respect to the first ultrasound data 7000 and transformed
second ultrasound data that is included in each of the second
ultrasound data sets §000, 8001, 8002, and 8003, by using the
ICP.

[0181] When the first ultrasound data 7000 and the second
ultrasound data 8000 are greatly misaligned, an error may
occur during reference point matching via the ICP, and thus
the accuracy of image registration may be reduced. Accord-
ingly, when the second ultrasound data 8000 is variously
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transformed and then registered with the first ultrasound data
7000, the accuracy of image registration may be increased.

[0182] As such, the image processor may perform image
registration with respect to the first ultrasound data and the
second ultrasound data via the ICP. The image processor may
perform image registration with respect to the first ultrasound
data and the second ultrasound data via various image regis-
tration methods other than the ICP. For example, the image
registration may be performed using mutual information, a
correlation coefficient, ratio-image uniformity, or partitioned
intensity uniformity.

[0183] FIGS.19A and 19B illustrate screen images that are
displayed by an ultrasound image display apparatus accord-
ing to an embodiment. In detail, FIG. 19A illustrates a screen
image 1901 that is displayed on the display 3200 of FIG. 5B.
FIG. 19B illustrates a screen image 1950 that is displayed on
the display 3200 of FIG. 5B.

[0184] The image processor 3100 may generate respective
ultrasound images for a plurality of time points, based on
respective pieces of ultrasound data for a plurality of time
points. FIGS. 19A and 19B illustrate a case of using ultra-
sound data acquired by scanning an object at three different
time points which are a first time point, a second time point,
and a third time point.

[0185] Indetail, referring to FIG. 19A, the image processor
3100 acquires a first image 1910 by using first ultrasound data
acquired by scanning the object at the first time point,
acquires a second image 1911 by using second ultrasound
data acquired by scanning the object at the second time point,
and acquires a third image 1912 by using third ultrasound data
acquired by scanning the object at the third time point. The
image processor 3100 may acquire at least one diagnosis
image, namely, diagnosis images 1941 and 1942, including
first information, by performing image registration with
respect to the first ultrasound data, the second ultrasound
data, and the third vltrasound data.

[0186] The screen image 1901 displayed on the display
3200 may include the ultrasound images 1910, 1911, and
1912 respectively acquired based on the respective pieces of
ultrasound data for the plurality of time points. The respective
ultrasound images 1910, 1911, and 1912 may be arranged in
the ascending or descending order of the plurality of time
points at which the object was scanned. In detail, the time
points may be arranged on an axis 1920 of the screen image
1901, and images may be arranged on another axis 1921
thereof.

[0187] Referringto FIG. 19A, the first image 1910 acquired
by scanning the object on Jul. 1, 2014, which is the first time
point, includes a target area 1931 representing a target. The
second image 1911 acquired by scanning the object on Jul.
11, 2014, which is the second time point, includes a target
area 1932 representing a target. The third image 1912
acquired by scanning the object on Jul. 21, 2014, which is the
third time point, includes a target area 1933 representing a
target. As illustrated in FIG. 19A, the first image 1910, the
second image 1911, and the third image 1912 may be
arranged on a first row of the screen image 1901. The diag-
nosis image 1941 acquired by registering the first image 1910
and the second image 1911 and the diagnosis image 1942
acquired by registering the second image 1911 and the third
image 1912 may be arranged on a second row of the screen
image 1901.
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[0188] A user may easily ascertain a change in the target
between two different time points from the screen image
1901.

[0189] A description of FIG. 19B that is the same as given
above with reference to FIG. 19A will not be repeated herein.
[0190] Referring to FIG. 19B, the image processor 3100
may generate a diagnosis image 1960 in which a change in
states of the target at the first time point, the second time point,
and the third time point is displayed.

[0191] In detail, the image processor 3100 may perform
image registration with respect to the first image 1910, the
second image 1911, and the third image 1912 and acquire the
diagnosis image 1960 in which the first image 1910, the
second image 1911, and the third image 1912 that have been
registered are overlapped with one another and displayed.
[0192] Accordingly, in the diagnosis image 1960 included
in the screen image 1950, a first target area 1943 correspond-
ing to a first target area 1931 representing a target at the first
time point, a second target area 1944 corresponding to a
second target area 1932 representing a target at the second
time point, and a third target area 1945 corresponding to a
third target area 1933 representing a target at the third time
point are overlapped with one another and displayed. A user
may easily ascertain a change in the target over time from the
screen image 1950.

[0193] FIG. 20A illustrates a screen image that is displayed
by an ultrasound image display apparatus according to an
embodiment. In detail, FIG. 20A illustrates a screen image
that is displayed on the display 3200.

[0194] The image processor 3100 may acquire respective
ultrasound images for a plurality of time points based on
respective pieces of registered ultrasound data for the plural-
ity of time points and set a weight for each of the respective
ultrasound images for the plurality of time points. The weight
is a value that is applied to an ultrasound image for a corre-
sponding time point so that the ultrasound image for the
corresponding time point is more distinctly displayed or less
distinctly displayed on a diagnosis image. The weight may be
set by a user or by the image processor 3100. A diagnosis
image 6003 may be an image in which respective ultrasound
images for the plurality of time points weighted by applying
the respective weights to the respective ultrasound images for
the plurality of time points are overlapped with one another
and displayed. FIGS. 20A and 20B illustrate a case where a
user sets a weight.

[0195] In detail, FIG. 20A illustrates a user interface (UI)
image 2010 for individually setting weights that are to be
applied to a first image 4003 and a second image 5003. FIG.
20B illustrates a Ul image 2050 for simultaneously setting the
weights that are to be applied to the first image 4003 and the
second image 5003.

[0196] Referring to FIG. 20A, the Ul image 2010 may
include a first menu 2011 for setting a first weight that is
applied to the first image 4003 and a second menu 2012 for
setting a second weight that is applied to the second image
5003.

[0197] The first menu 2011 may include a cursor 2014
setting a weight within a settable weight range (e.g., from -1
to 1), and the second menu 2012 may include a cursor 2015
setting a weight within a settable weight range (e.g., from -1
to 1). When a weight is set to be a lower limit (for example,
-1), an image to which the weight is to be applied is displayed
with the lightest brightness within the diagnosis image 6003.
When a weight is set to be an upper limit (for example, 1), an
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image to which the weight is to be applied is displayed with
the deepest brightness within the diagnosis image 6003.
When a weight is set to be an intermediate value within the
settable weight range, an image to which the weight is to be
applied is displayed with the same brightness as the bright-
ness of the non-weighted image within the diagnosis image
6003.

[0198] In detail, the first weight applied to the first image
4003 is 0 and the second weight applied to the second image
5003 is 0, the diagnosis image 6003 may be displayed the
same as the diagnosis image 6001 of FIG. 10 and the diag-
nosis image 6003 of FIG. 11. When the first weight applied to
the firstimage 4003 is -1 and the second weight applied to the
second image 5003 is 1, the first target image 4023 may be
displayed with a lighter color and the second target image
5023 may be displayed with a deep color, within the diagnosis
image 6003. When the first weight applied to the first image
4003 is 1 and the second weight applied to the second image
5003 is 1, both the first target image 4023 and the second
target image 5023 may be displayed with the deepest color in
the diagnosis image 6003. When the first weight applied to the
first image 4003 is -1 and the second weight applied to the
second image 5003 is -1, both the first target image 4023 and
the second target image 5023 may be displayed with the
lightest color in the diagnosis image 6003.

[0199] Referring to FIG. 20B, the Ul image 2050 may
include a third menu 2060 for setting, all at one time, the
weights that are applied to the first image 4003 and the second
image 5003.

[0200] The third menu 2060 may include a cursor 2063 for
setting a weight.

[0201] For example, in the third menu 2060, when the
cursor 2063 is moved toward a weight W1 that is applied to
the first image 4003, the weight of the first image 4003
increases, and a second weight W2 that is applied to the
second image 5003 decreases. Then, in the diagnosis image
6003, the first target image 4023 may be displayed with a
deeper brightness than the second target image 5023, and the
second target image 5023 may be displayed with a lighter
color than the first target image 4023.

[0202] As another example, in the third menu 2060, when
the cursor 2063 is positioned at 0, which is a middle between
the first and second weights W1 and W2, the first target image
4023 and the second target image 5023 may be displayed to
the same degree of brightness, and thus the diagnosis image
6003 may be displayed the same as the diagnosis images 6001
and 6003 of FIGS. 10 and 11.

[0203] As another example, in the third menu 2060, when
the cursor 2063 is moved toward a weight W2 that is applied
to the second image 5003, the weight of the second image
5003 increases, and the first weight W1 applied to the first
image 4003 decreases. Then, in the diagnosis image 6003, the
first target image 4023 may be displayed with a lighter color
than the second target image 5023, and the second target
image 5023 may be displayed with a deeper color than the
first target image 4023.

[0204] As described above, a target image at a specific time
point may be displayed more clearly than target images at the
other time points according to user’s intentions by using the
weight setting. Thus, a diagnosis image that conforms to a
user intention may be output.

[0205] FIGS. 21A and 21B illustrate other screen images
that are displayed by an ultrasound image display apparatus
according to an embodiment.
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[0206] Referring to FIG. 21A, a screen image 2110 dis-
played on the display 3200 may further include target change
numeric information that numerically represents a change in
at least one selected from the size, position, and number of at
least one target. In detail, the target change numeric informa-
tion may include the value of at least one selected from an
area, a volume, a long-axis length, a short-axis length, a
radius, a diameter, and a circumference that represent the size
of the at least one target. The target change numeric informa-
tion described with reference to FIGS. 21A and 21B may be
amore detailed version of the size information 6030 of FIG.
10.

[0207] Indetail, FIG.21A illustrates the screen image 2110
on which target change numeric information about a target
whose state has changed between a plurality of time points,
which is included in an object, is displayed. FIG. 21B illus-
trates a screen image 2160 on which target change numeric
information about all separate targets included in the object is
displayed.

[0208] Anidentification indicator (for example, TG1, TG2,
or TG3) for identifying a target that is correlated with at least
one target is displayed on the first image 4003, the second
image 5003, and the diagnosis image 6003 included in the
screen image 2110. In detail, as illustrated in the screen image
2110, the identification indicator (for example, TG1) indicat-
ing a target may be labelled to an identical target (for
example, 4022, 5022, 4023, and 5023) included in the first
image 4003, the second image 5003, and the diagnosis image
6003.

[0209] In the first image 4003 and the second image 5003
included in the screen image 2110 displayed on the display
3200, information 2111 and information 2112 indicating the
time points at which the first image 4003 and the second
image 5003 are respectively acquired may be displayed.
[0210] Referring to FIG. 21A, the screen image 2110 may
include target change numeric information 2120. The target
change numeric information 2120 may display only target
change numeric information about a state-changed target, for
example, a selected follicle, and may not display information
about a state-unchanged target. In detail, during the first time
point t1 corresponding to the first image 4003 and the second
time point t2 corresponding to the second image 5003, when
astate change occurs only between the selected follicles 4022
and 5022 and the states of the other follicles are not changed,
the target change numeric information 2120 may only display
information about the target TG1 which is the state-changed
target. The target change numeric information 2120 may
include a variation 2123 (for example, TG1(A)) of the value of
at least one selected from an area, a volume, a long-axis
length, a short-axis length, a radius, a diameter, and a circum-
ference that represent the size of the at least one target (for
example, TG1).

[0211] Indetail, FIG. 21A illustrates a case where the target
change numeric information 2120 includes long-axis and
short-axis lengths 2121 of the target 4022 (TG1) at the first
time point t1, long-axis and short-axis lengths 2122 of the
target 5022 (TG1) at the second time point t2, and the varia-
tion 2123 (for example, TG1(A)) between the first time point
t1 and the second time point t2.

[0212] FIG. 21B illustrates a screen image 2160 on which
target change numeric information about all separate targets
included in the object is displayed.

[0213] Referring to FIG. 21B, the screen image 2160 may
include target change numeric information 2170 about the all
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separate targets included in the object. In detail, as illustrated
in FIG. 21B, the target change numeric information 2170 may
include information that represents sizes that the all separate
targets (for example, TG1, TG2, and TG3) included in the
ultrasound-scanned object have at the first time point t1 and
the second time point t2.

[0214] In detail, in the target change numeric information
2170, size information about each of the separate targets
included in the object may be displayed in the form of a list.
[0215] FIG. 22 illustrates a screen image 2210 that is dis-
played by an ultrasound image display apparatus according to
an embodiment. A repeated description of the screen image
2110 given above with reference to FIG. 21A is omitted in the
description of the screen image 2210 of FIG. 22.

[0216] Theimage processor 3100 of FIG. 5B may generate
state change information 2250 representing state changes of
all independent targets included in an object, based on respec-
tive pieces of ultrasound data for a plurality of time points.
The display 3200 of FIG. 5B may display the screen image
2210 including the generated state change information 2250.
[0217] Indetail, referring to FIG. 22, the screen image 2210
may include state change information 2250 representing state
changes of independent targets (e.g., follicles) included in the
object between the first and second time points t1 and 2. In
detail, the state change information 2250 may include infor-
mation 2251 about a target newly produced between the first
and second time points t1 and t2, information 2252 about a
target having disappeared between the first and second time
points t1 and t2, information 2253 about a target having
changed between the first and second time points t1 and 2,
and information 2254 about a target having unchanged
between the first and second time points t1 and t2.

[0218] Referring to FIG. 22, the independent targets TG1,
TG2, and TG3 are included in the first image 4003 at the first
time point t1, the target TG3 positioned at a location 2213 on
the first image 4003 has disappeared at the second time point
12, and a target TG4 has appeared at a location 2212 on the
second image 5003. During the first time point t1 and the
second time point t2, the target TG2 has not changed, and the
target TG1 has changed. The state change information 2250
includes information representing a change between targets
included in the object during the first time point t1 and the
second time point t2.

[0219] A user may easily ascertain a change in the object
between the plurality of different time points from the state
change information 2250.

[0220] FIG. 23 is a flowchart of an ultrasound image dis-
playing method 2300 according to an embodiment. The ultra-
sound image displaying method 2300 may be performed by
the ultrasound image display apparatuses 3000 and 3050
according to the embodiments of the present invention
described above with reference to FIGS. 1-22. Operations
included in the ultrasound image displaying method 2300 are
the same as the operations of the ultrasound image display
apparatuses 3000 and 3050, and the technical spirit of the
ultrasound image displaying method 2300 is the same as that
of the ultrasound image display apparatuses 3000 and 3050.
Accordingly, descriptions of the ultrasound image displaying
method 2300 that are the same as given with reference to
FIGS. 1-22 are not repeated herein.

[0221] Referring to FIG. 23, in operation S2310, respective
pieces of ultrasound data for a plurality of time points, which
represent an object including at least one target at a plurality
of different time points are acquired. In detail, in operation
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S2310, the respective pieces of ultrasound data for the plu-
rality of time points are acquired by scanning the object
including at least one target at the plurality of different time
points. The operation 2310 may be performed by the image
processor 3100. An exemplary case where the respective
pieces of ultrasound data for the plurality of time points
acquired by the image processor 3100 include first ultrasound
data acquired by scanning the object at a first time point, and
second ultrasound data acquired by scanning the object at a
second time point described in FIG. 8.

[0222] 1Inoperation S2320, first information representing a
change in the at least one target at the plurality of different
time points is acquired based on a correspondence between
the acquired respective pieces of ultrasound data for the plu-
rality of time points. In detail, first information that represents
a change in at least one selected from the size, position, and
number of the at least one target at the plurality of different
time points is acquired by performing image registration with
respect to the respective pieces of ultrasound data for the
plurality of time points. The operation 2320 may be per-
formed by the image processor 3100.

[0223] Inoperation S2330, ascreen image including a diag-
nosis image that shows the first information is displayed. The
operation $S2330 may be performed by the display 3200.
[0224] Referring back to FIG. 1, the probe 20 may scan the
object at different times. The object may include a polycystic
ovary. The ultrasound transceiver 100 may acquire the first
ultrasound data and the second ultrasound data by processing
echo signals respectively received from the probe 20 at the
different times.

[0225] The first ultrasound data is acquired by scanning the
object at the first time point, and the second ultrasound data is
acquired by scanning the object at the second time point. The
second time point may be several days after the first time
point.

[0226] Referring back to FIGS. 1 and 5B, when the ultra-
sound image display apparatus 3050 is included in the ultra-
sound diagnosis apparatus 1000 of F1G. 1, the first ultrasound
data and the second ultrasound data may be acquired by
scanning the object at different times by using the probe 20 of
FIG. 1. The ultrasound image display apparatus 3050 may
store at least one selected from the first ultrasound data and
the second ultrasound data in the memory 3400.

[0227] When the ultrasound image display apparatus 3000
is the medical apparatus 34 or the portable terminal 36 con-
nected to the ultrasound diagnosis apparatus 1000 of FIG. 1
via the network 30, the communicator 3300 of the ultrasound
image display apparatus 3050 may receive the firstultrasound
data and the second ultrasound data from the ultrasound diag-
nosis apparatus 1000 of FIG. 1. The communicator 3300 may
receive the first ultrasound data and the second ultrasound
data simultaneously or at different times. The memory 3400
may store at least one selected from the first ultrasound data
and the second ultrasound data.

[0228] As described above, in an ultrasound image display
apparatus and an ultrasound image displaying method
according to an exemplary embodiment of the present inven-
tive concept, when an object needs to be observed at an
interval of time, a user may easily observe changes in the
object at subsequent time points. In detail, in an ultrasound
image display apparatus and an ultrasound image displaying
method according to an exemplary embodiment of the present
inventive concept, when a target included in an object needs
to be monitored at a plurality of time points in order to
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diagnose or cure a gynecological disease, such as a myoma
included in at least one follicle included in an ovary or a
myoma of the uterus, a user may easily visually recognize a
change in the object. The above-described exemplary
embodiments can be written as computer programs and can
be implemented in general-use digital computers that execute
the programs using a computer readable recording medium.
[0229] Examples of the computer readable recording
medium include magnetic storage media (e.g., ROM, floppy
disks, hard disks, etc.), optical recording media (e.g., CD-
ROMs, or DVDs), etc.

[0230] The exemplary embodiments should be considered
in a descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each embodiment
should typically be considered as available for other similar
features or aspects in other embodiments.

[0231] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. An ultrasound image display apparatus comprising:

an image processor which acquires respective pieces of

ultrasound data for a plurality of time points, which
represent an object including at least one target at a
plurality of different time points, and acquires first infor-
mation representing a change in the at least one target at
the plurality of different time points, based on a corre-
spondence between the respective pieces of ultrasound
data for the plurality of time points; and

a display which displays a screen image including a diag-

nosis image that shows the first information.

2. The ultrasound image display apparatus of claim 1,
wherein the diagnosis image is an ultrasound image displayed
so that states of the at least one target at the plurality of
different time points may be distinguished from one another.

3. The ultrasound image display apparatus of claim 1,
wherein the respective pieces of ultrasound data for the plu-
rality of time points comprise first ultrasound data acquired
by scanning the object at a first time point, and second ultra-
sound data acquired by scanning the object at a second time
point.

4. The ultrasound image display apparatus of claim 3,
wherein the diagnosis image is an ultrasound image in which
a first target image representing the at least one target based
on the first ultrasound data and a second target image repre-
senting the at least one target based on the second ultrasound
data are overlappingly displayed.

5. The ultrasound image display apparatus of claim 4,
wherein the first target image and the second target image are
distinguishable from each other when displayed in the diag-
nosis image.

6. The ultrasound image display apparatus of claim 4,
wherein a difference between the first target image and the
second target image is highlighted in the diagnosis image.

7. The ultrasound image display apparatus of claim 4,
wherein the image processor acquires a first size of the at least
onetarget based on the first ultrasound data and a second size
of the at least one target based on the second ultrasound data.

8. The ultrasound image display apparatus of claim 7,
wherein the display further displays at least one selected from
size information for the first size, size information for the
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second size, and information representing a size change ofthe
at least one target, which are acquired based on the first size
and the second size.

9. The ultrasound image display apparatus of claim 7,
wherein the display further displays information about a size
change of the at least one target over time at the plurality of
different time points.

10. The ultrasound image display apparatus of claim 3,
wherein

the image processor acquires second registered data by

transforming the second ultrasound data to align with
the first ultrasound data, and

the screen image further comprises a first image based on

the first ultrasound data and a second image based on the
second registered data.
11. The ultrasound image display apparatus of claim 3,
wherein the image processor
respectively segments a plurality of separate areas included
in the first ultrasound data and a plurality of separate
areas included in the second ultrasound data,

respectively detects a reference point of each of the plural-
ity of separate areas included in the first ultrasound data
and each of'the plurality of separate areas included in the
second ultrasound data,

matches a first reference point from among the reference

points included in the first ultrasound data with a second
reference point from among the reference points
included in the second ultrasound data, and

performs image registration with respect to the first ultra-

sound data and the second ultrasound data, based on the
matching between the first reference point and the sec-
ond reference point.

12. The ultrasound image display apparatus of claim 11,
wherein the image processor matches the first reference point
with the second reference point by using an iterative closest
point (ICP).

13. The ultrasound image display apparatus of claim 12,
wherein the image processor detects volume information
about each of the plurality of separate areas and matches the
first reference point with the second reference point, based on
the volume information.

14. The ultrasound image display apparatus of claim 13,
wherein the image processor matches the first reference point
with the second reference point by applying a weight to each
of the reference points based on the volume information.

15. The ultrasound image display apparatus of claim 3,
wherein the image processor performs image registration
with respect to the first ultrasound data and the second ultra-
sound data by using at least one selected from mutual infor-
mation, a correlation coefficient, ratio-image uniformity, and
partitioned intensity uniformity.

16. The ultrasound image display apparatus of claim 15,
wherein the image processor performs image registration
with respect to the first ultrasound data and the second ultra-
sound data via a random sample consensus (RANSAC).

17. The ultrasound image display apparatus of claim 3,
wherein the image processor respectively segments a plural-
ity of separate areas included in the first ultrasound data and
aplurality of separate areas included in the second ultrasound
data, and detects at least one of the plurality of separate areas
included in each of the first ultrasound data and the second
ultrasound data, as at least one target area that is a separate
area for the at least one target.
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18. The ultrasound image display apparatus of claim 17,
wherein the image processor detects a size of each of the
plurality of separate areas and detects the target area based on
the size.

19. The ultrasound image display apparatus of claim 1,
wherein the object is an ovary, and the at least one target
comprises a follicle, in which ovulation is induced, from
among follicles included in the ovary.

20. The ultrasound image display apparatus of claim 1,
wherein

the object is a part of the abdomen including a womb, and

the at least one target comprises at least one tumor gener-

ated in at least one part of within a womb and an outside
womb.

21. The ultrasound image display apparatus of claim 1,
further comprising a memory which stores the respective
pieces of ultrasound data for the plurality of time points.

22. The ultrasound image display apparatus of claim 1,
wherein

the screen image comprises respective ultrasound images

for a plurality of time points, which is obtained based on
the respective pieces of ultrasound data for the plurality
of time points, and

the respective ultrasound images for the plurality of time

points are arranged in the order of time points at which
the object 1s scanned.

23. The ultrasound image display apparatus of claim 1,
wherein the first information represents a change in at least
oneselected from the size, position, and number of the at least
one target at the plurality of different time points.

24. The ultrasound image display apparatus of claim 1,
wherein the image screen further comprises target change
numeric information that numerically represents a change in
atleast one selected from the size, position, and number of the
at least one target.

25. The ultrasound image display apparatus of claim 1,
wherein the target change numeric information comprises a
value of at least one selected from an area, a volume, a
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long-axis length, a short-axis length, a radius, a diameter, and
a circumference that represent the size of the at least one
target.
26. The ultrasound image display apparatus of claim 25,
wherein the target change numeric information comprises a
variation in the value of the at least one selected from the area,
the volume, the long-axis length, the short-axis length, the
radius, the diameter, and the circumference of the at least one
target.
27. The ultrasound image display apparatus of claim 1,
wherein
the image processor acquires respective ultrasound images
for a plurality of time points based on the respective
pieces of ultrasound data for the plurality of time points
and sets a weight for each of the respective ultrasound
images for the plurality of time points, and generates the
diagnosis image that is an image in which respective
ultrasound images for the plurality of time points for
each of which the weight is set are overlapped with one
another and displayed.
28. The ultrasound image display apparatus of claim 1,
further comprising a communicator which receives the
respective pieces of ultrasound data for the plurality of time
points from an external source.
29. A method of displaying an ultrasound image, the
method comprising:
acquiring respective pieces of ultrasound data for a plural-
ity of time points, which represent an object including at
least one target at a plurality of different time points;

acquiring first information representing a change in the at
least one target at the plurality of different time points,
based on a correspondence between the respective
pieces of ultrasound data for the plurality of time points;
and

displaying a screen image including a diagnosis image that

shows the first information.

I S T T
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