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ULTRASOUND DIAGNOSIS APPARATUS,
ULTRASOUND DIAGNOSIS METHOD AND
COMPUTER-READABLE STORAGE
MEDIUM

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0180493, filed on Dec. 15,2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments relate to an
ultrasound diagnosis apparatus, an ultrasound diagnosis
method and a computer-readable storage medium, and more
particularly, to an ultrasound diagnosis apparatus and an
ultrasound diagnosis method for observing a plurality of
regions during an ultrasound diagnosis and a computer read-
able recording medium having recorded thereon a computer
program for implementing the method.

[0004] 2. Description of the Related Art

[0005] An ultrasound diagnosis apparatus irradiates ultra-
sound signals generated by transducers of a probe to an object
and receives ultrasound echo signals reflected from the
object, thereby obtaining images regarding the interior of the
object (e.g., tomography of soft tissues or blood flow). In
particular, an ultrasound diagnosis apparatus may be used for
medical purposes including observation of the interior of an
object, detection of foreign substances, and diagnosis of dam-
age. The ultrasound diagnosis apparatus may display infor-
mation regarding an object in real time. Furthermore, unlike
the use of X-rays, the ultrasound diagnosis apparatus does not
involve any radioactive exposure, and thus is very safe to use.
Therefore, the ultrasound diagnosis apparatus is widely used
together with other types of imaging diagnosis apparatuses
such as computer tomography (CT) scanners, magnetic reso-
nance imaging (MRI) apparatuses, and nuclear medical diag-
nosis apparatuses.

[0006] Here, when a user, such as a doctor, moves a view-
point of an ultrasound image using an input device, such as a
trackball image, it is not easy to move the viewpoint of the
ultrasound image if the user is not familiar with the input
device. Furthermore, when a viewpoint of an ultrasound
image is moved using a trackball, it is difficult for a user to
recognize a path in which the viewpoint is moved. Therefore,
it is necessary to provide a ultrasound diagnosis apparatus
that enables a user to easily move a viewpoint of an ultrasound
image.

[0007] When a user performs a ultrasound diagnosis with
respect to a tubular target object, such as a blood vessel and a
digestive system, it may be necessary to move a viewpoint to
each of a plurality of terminal ends of the target object in turn.
In a current ultrasound diagnosis apparatus, a viewpoint is
moved by using a trackball. However, it is inconvenient for a
user to move a viewpoint using a trackball one after another.
Furthermore, a user is unable to recognize a path in which a
viewpoint is moved after the viewpoint is moved.

SUMMARY

[0008] One or more exemplary embodiments include an
ultrasound diagnosis apparatus and an ultrasound diagnosis
method for easily moving viewpoints and a computer read-
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able recording medium having recorded thereon a computer
program for implementing the method.

[0009] 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.

[0010] According to one or more exemplary embodiments,
an ultrasound diagnosis apparatus includes an image genet-
ating unit, which obtains a first ultrasound image based on
ultrasound data obtained by scanning a target object; and a
control unit, which obtains first information including a plu-
rality of nodes based on the ultrasound data, moves a view-
point based on the first information, and obtains second ultra-
sound images.

[0011] The control unit obtains second information includ-
ing at least one of location and direction of the viewpoint
based on the first information, and the ultrasound diagnosis
apparatus further includes a display unit, which displays an
image in which at least one of the first information and the
second information is displayed on the first ultrasound image.
[0012] The control unit obtains trunk lines interconnecting
the nodes and the other nodes, the control unit obtains a
structure included in the first ultrasound image based on the
plurality of nodes and trunk lines, and the first information
includes at least one of the trunk lines and the structure.
[0013] Thecontrol unitautomatically obtains a sequence of
nodes regarding at least two of the nodes, controls the image
generating unit to move a viewpoint according to the obtained
sequence of nodes, and to obtain the second ultrasound
images.

[0014] Theultrasound diagnosis apparatus further includes
an input unit, which receives an input related to first informa-
tion from a user via a particular location of the first ultrasound
image.

[0015] The control unit performs at least one of operations
for adding, moving, and deleting at least one of the nodes and
the trunk lines based on the received input.

[0016] Theinput unit receives an input for selecting at least
one node from among the nodes from a user, and the control
unit automatically obtains second ultrasound images based
on the selected node(s).

[0017] Theinput unit receives an input for selecting at least
one node from among the nodes from a user, and the control
unit controls to automatically obtain second ultrasound
images based on nodes other than the selected node(s).
[0018] The input unit receives an input related to a
sequence of nodes regarding at least two from among the
nodes from a user, and the control unit controls to move a
viewpoint based on the received input related to the sequence
of nodes and obtains second ultrasound images.

[0019] Theinput unit receives an input related to a speed of
moving a viewpoint between nodes from a user, and the
control unit controls to move the viewpoint based on the
speed of moving a viewpoint and obtains the second ultra-
sound images.

[0020] The input related to a speed of moving a viewpoint
includes moving time between nodes.

[0021] The control unit extracts first information including
the nodes and the trunk lines from the ultrasound image by
performing an image processing including a centerline
extracting algorithm.

[0022] The control unit controls to move a viewpoint based
on the first information and automatically obtains the second
ultrasound images.
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[0023] The control unit controls to move a viewpoint along
trunk lines between the nodes and obtains second ultrasound
images.

[0024] The control unit controls to display at least one of
the nodes and the trunk lines passed by a viewpoint.

[0025] Thecontrolunitcontrols to display at least one from
among the nodes and the trunk lines passed by a viewpoint in
atransparency, a color, or a shape different from the nodes and
the trunk lines not passed by the viewpoint.

[0026] The second ultrasound image includes a virtual
endoscopic image based on ultrasound data.

[0027] The second ultrasound images include at least one
of 2D images and 3D images.

[0028] The structure is a graph having a tree structure.
[0029] According to one or more exemplary embodiments,
an ultrasound diagnosis apparatus includes an ultrasound data
obtaining unit, which obtains ultrasound data obtained by
scanning a target object; an input unit, which receives an input
from a user; and a control unit, which obtains first information
including a plurality of nodes based on the ultrasound data
and controls to obtains ultrasound images by moving a view-
point based on the first information and the received input.
[0030] According to one or more exemplary embodiments,
anultrasound diagnosis apparatus includes an ultrasound data
obtaining unit, which obtains ultrasound data obtained by
scanning a target object; a control unit, which obtains first
information including at least one selected from a plurality of
nodes and a plurality of trunk lines based on the ultrasound
data and controls to move a viewpoint based on the first
information; and a display unit, which displays first informa-
tion passed by the viewpoint to be distinguishable from first
information not passed by the viewpoint.

[0031] According to one or more exemplary embodiments,
an ultrasound diagnosis apparatus includes an image genet-
ating unit, which obtains a first ultrasound image by scanning
a target object; an input unit, which receives an input from a
user; and a control unit, which obtains first information
including a plurality of nodes included in the first ultrasound
image based on the received input, obtains a sequence of
nodes based on the received input, controls to move a view-
point based on the sequence of nodes and the first informa-
tion, and obtains second ultrasound images.

[0032] According to one or more exemplary embodiments,
an ultrasound diagnosis method includes obtaining a first
ultrasound image based on ultrasound data obtained by scan-
ning a target object; obtaining first information including a
plurality of nodes based on the ultrasound data; and moving a
viewpoint based on the first information and obtaining second
ultrasound images.

[0033] The ultrasound diagnosis method further includes
obtaining second information including at least one of loca-
tion and direction of the viewpoint based on the first infor-
mation; and displaying an image in which at least one of the
first information and the second information is displayed on
the first ultrasound image.

[0034] The ultrasound diagnosis method further includes
obtaining trunk lines interconnecting the nodes and the other
nodes; and, based on the plurality of nodes and trunk lines,
obtaining a structure included in the first ultrasound image,
wherein the first information includes at least one of the trunk
lines and the structure.

[0035] The obtaining of the second ultrasound images
includes automatically obtaining a sequence of nodes regard-
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ing at least two of the nodes; and moving a viewpoint accord-
ing to the obtained sequence of nodes, and to obtain the
second ultrasound images.

[0036] The ultrasound diagnosis method further includes
receiving an input related to first information from a user onto
the first ultrasound image.

[0037] The ultrasound diagnosis method further includes
performing at least one of operations for adding, moving, and
deleting at least one of the nodes and the trunk lines based on
the received input.

[0038] The obtaining of the second ultrasound images
includes receiving an input for selecting at least one node
from among the nodes from a user; and automatically obtain-
ing second ultrasound images based on the selected node(s).
[0039] The obtaining of the second ultrasound images
includes receiving an input for selecting at least one node
from among the nodes from a user; and automatically obtain-
ing second ultrasound images based on nodes other than the
selected node(s).

[0040] The ultrasound diagnosis method further includes
receiving an input related to a sequence of nodes regarding at
least two from among the nodes from a user, and moving a
viewpoint based on the received input related to the sequence
of nodes and obtaining second ultrasound images.

[0041] The ultrasound diagnosis method further includes
receiving an input related to a speed of moving a viewpoint
between nodes from a user, and moving the viewpoint based
on the speed of moving a viewpoint and obtaining the second
ultrasound images.

[0042] The input related to a speed of moving a viewpoint
includes moving time between nodes.

[0043] The obtaining of the first ultrasound image includes
extracting first information including the nodes and the trunk
lines from the ultrasound image by performing an image
processing including a centerline extracting algorithm.
[0044] The obtaining of the second ultrasound images
includes moving a viewpoint based on the first information
and automatically obtaining the second ultrasound images.
[0045] The obtaining of the second ultrasound images
includes moving a viewpoint along trunk lines between the
nodes and obtaining second ultrasound images.

[0046] The ultrasound diagnosis method further includes
displaying at least one of the nodes and the trunk lines passed
by a viewpoint.

[0047] The displaying of at least one of the nodes and the
trunk lines passed by the viewpoint includes displaying at
least one from among the nodes and the trunk lines passed by
a viewpoint in a transparency, a color, or a shape different
from the nodes and the trunk lines not passed by the view-
point.

[0048] According to one or more exemplary embodiments,
an ultrasound diagnosis method includes obtaining ultra-
sound data by scanning a target object; receiving an input
from a user; obtaining first information including a plurality
of nodes based on the ultrasound data; and moving a view-
point based on the first information and the received input and
obtaining ultrasound images.

[0049] According to one or more exemplary embodiments,
an ultrasound diagnosis method includes obtaining ultra-
sound data by scanning a target object; obtaining first infor-
mation including at least one of a plurality of nodes and a
plurality of trunk lines based on the ultrasound data; moving
aviewpoint based on the first information; and displaying first
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information passed by the viewpoint to be distinguishable
from first information not passed by the viewpoint.

[0050] According to one or more exemplary embodiments,
an ultrasound diagnosis method includes obtaining a first
ultrasound image by scanning a target object; receiving an
input from a user; obtaining first information including a
plurality of nodes included in the first ultrasound image based
onthe received input; obtaining a sequence of the nodes based
on the received input; and moving a viewpoint based on the
sequence of nodes and the first information and obtaining
second ultrasound images.

[0051] According to one or more exemplary embodiments,
there is provided a computer readable recording medium
having recorded thereon a computer program for implement-
ing an ultrasound diagnosis method as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] 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:

[0053] FIG.1is a diagram illustrating an ultrasound imag-
ing apparatus according to exemplary embodiments;

[0054] FIG.2isablock diagram illustrating a configuration
of a wireless probe 200 according to an exemplary embodi-
ment;

[0055] FIG. 3 is a diagram showing a ultrasound diagnosis
apparatus 300 according to an embodiment;

[0056] FIG. 4 is a diagram showing a ultrasound diagnosis
apparatus 300 according to another embodiment;

[0057] FIG.5is adiagram showing an ultrasound diagnosis
method according to an embodiment;

[0058] FIG. 6 is a diagram for describing movement of a
viewpoint on an ultrasound image at an ultrasound diagnosis
apparatus in the related art;

[0059] FIG. 7 is a diagram showing movement of a view-
point on an ultrasound image according to an embodiment;
[0060] FIG. 8 is a diagram showing movement of a view-
point on an ultrasound image according to an embodiment;
[0061] FIG. 9 is a diagram showing an ultrasound image
according to an embodiment;

[0062] FIG. 10 is a diagram showing a process for obtain-
ing nodes based on a user input, according to an embodiment;
[0063] FIGS. 11A through 11C are diagrams showing that
a control unit automatically obtains nodes and trunk lines,
according to an embodiment;

[0064] FIG. 12 is a diagram showing a process of modify-
ing nodes according to an embodiment;

[0065] FIG. 13A is a diagram showing movement between
nodes, according to an embodiment;

[0066] FIG.13B isadiagram showing a node list according
to an embodiment;

[0067] FIG. 14 is a diagram showing ultrasound images
according to an embodiment;

[0068] FIGS. 15A and 15B are diagrams showing an ultra-
sound image according to an embodiment;

[0069] FIG. 16 is a diagram showing an ultrasound image
according to an embodiment, continued from FIG. 14;
[0070] FIG. 17 is a diagram showing an ultrasound image
according to an embodiment; and,

[0071] FIG. 18 is a diagram showing that ultrasound data
indicated in a coordinate system, according to an embodi-
ment.
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DETAILED DESCRIPTION

[0072] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the figures, to explain
aspects of the present description. As used herein, expres-
sions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0073] The terms used in this specification are those gen-
eral terms currently widely used in the art in consideration of
functions in regard to the inventive concept, but the terms may
vary according to the intention of those of ordinary skill in the
art, precedents, or new technology in the art. Also, specified
terms may be selected by the applicant, and in this case, the
detailed meaning thereof will be described in the detailed
description of the inventive concept. Thus, the terms used in
the specification should be understood not as simple names
butbased on the meaning of the terms and the overall descrip-
tion of the inventive concept.

[0074] When something “comprises” or “includes” a com-
ponent, another component may be further included unless
specified otherwise. Also, the terms “unit” and “module”
used herein represent a unit for processing at least one func-
tion or operation, which may be implemented by hardware,
software, or a combination of hardware and software.
[0075] Throughout the specification, an “ultrasound
image” refers to an image of an object acquired by using an
ultrasonic wave. Also, an “object” may include a person or an
animal, or a part of a person or an animal. For example, the
object may include an organ such as a liver, a heart, a womb,
a brain, a breast, or an abdomen, or a blood vessel. Also, the
object may include a phantom. The phantom may refer to a
material having a volume that is approximately the intensity
and effective atomic number of a living thing, and may
include a spherical phantom having a property similar to a
human body.

[0076] Also, a “user” may be, but is not limited to, a medi-
cal expert such as a doctor, a nurse, a medical laboratory
technologist, a medial image expert, or a technician who
repairs a medical apparatus.

[0077] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying draw-
ings.

[0078] FIG. 1is a diagram illustrating an ultrasound imag-

ing apparatus according to exemplary embodiments.

[0079] FIG. 1 illustrates an overall configuration of an
ultrasound diagnosis apparatus 100 according to exemplary
embodiments.

[0080] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 2, an ultrasound transmission/
reception unit 10, an image processing unit 20, a communi-
cation unit 30, amemory 40, an input device 50, and a control
unit 60, where the components stated above may be con-
nected to one another via buses 70.

[0081] The ultrasound diagnosis apparatus 100 may be
embodied not only as a cart type apparatus, but also as a
portable apparatus. Examples of portable ultrasound diagno-
sis apparatuses may include a picture archiving and commu-
nication system (PACS) viewer, a smart phone, a laptop com-
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puter, a personal digital assistant (PDA), and a tablet personal
computer (PC); however, the inventive concept is not limited
thereto.

[0082] The probe 2 transmits an ultrasound signal to an
object 1 according to a driving signal applied from the ultra-
sound transmission/reception unit 10 and receives an echo
signal reflected from the object 1. The probe 2 includes a
plurality of transducers, and the plurality of transducers oscil-
late according to an electrical signal transmitted thereto and
generate an ultrasound wave, that is, acoustic energy. Also,
the probe 2 may be connected to a main body of the ultra-
sound diagnosis apparatus 100 by wire or wirelessly, and the
ultrasound diagnosis apparatus 100 may include a plurality of
probes 2.

[0083] A transmission unit 11 supplies a driving signal to
the probe 2 and includes a pulse generating unit 17, a trans-
mission delaying unit 18, and a pulser 19. The pulse generat-
ing unit 17 generates pulses for forming transmission ultra-
sound waves according to a predetermined pulse repetition
frequency (PRF), and the transmission delaying unit 18
applies a delay time for determining transmission direction-
ality to the pulses. The pulses to which a delay time 1s applied
correspond to a plurality of piezoelectric vibrators included in
the probe 2, respectively. The pulser 19 applies a driving
signal (or a driving pulse) to the probe 2 at a timing corre-
sponding to each pulse to which a delay time is applied.

[0084] A reception unit 12 generates ultrasound data by
processing echo signals received from the probe 2 and may
include an amplifier 13, an analog-digital converter (ADC)
14, a reception delaying unit 15, and a summing unit 16. The
amplifier 13 amplifies echo signals in each channel, and the
ADC 14 analog-to-digital converts the amplified echo sig-
nals. The reception delaying unit 15 applies delay times for
determining reception directionality to the digital-converted
echo signals, and the summing unit 16 generates ultrasound
data by summing the echo signals processed by the reception
delaying unit 15. Also, according to exemplary embodiments,
the reception unit 12 may not include the amplifier 13. In
other words, when the sensitivity of the probe 2 or the capa-
bility to process bits by the ADC 14 is enhanced, the amplifier
13 may be omitted.

[0085] The image processing unit 20 generates an ultra-
soundimage by scan-converting ultrasound data generated by
the ultrasound transmission/reception unit 10 and displays
the ultrasound image. The ultrasound image may include not
only a gray-scale image obtained by scanning the object 1 in
an amplitude (A) mode, a brightness (B) mode, and a motion
(M) mode, but also a Doppler image representing a motion of
the object 1 by using a Doppler effect. The Doppler image
may include a bloodstream Doppler image (also referred to as
a color Doppler image) representing a flow of blood, a tissue
Doppler image representing a motion of a tissue, and a spec-
tral Doppler image representing a movement speed of the
object 1 in a waveform.

[0086] A B mode processing unit 22 extracts B mode com-
ponents from ultrasound data and processes the B mode com-
ponents. An image generating unit 24 may generate an ultra-
sound image representing signal intensities as brightness,
based on the B mode components extracted by the B mode
processing unit 22.

[0087] Likewise, a Doppler processing unit 23 may extract
Doppler components from ultrasound data, and the image
generating unit 24 may generate a Doppler image represent-
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ing a motion of the object 1 as colors or waveforms based on
the extracted Doppler components.

[0088] Theimage generating unit 24 according to an exem-
plary embodiment may generate a three-dimensional 3D)
ultrasound image through volume-rendering of volume data
and may also generate an elasticity image that visualizes the
deformation of the object 1 due to a pressure. In addition, the
image generating unit 24 may display various additional
information in an ultrasound image by using texts and graph-
ics. The generated ultrasound image may be stored in the
memory 40.

[0089] A display unit 25 displays the generated ultrasound
image. The display unit 25 may display not only an ultra-
sound image, but also various information processed by the
ultrasound diagnosis apparatus 100 on a screen via a graphic
user interface (GUI). The ultrasound diagnosis apparatus 100
may include two or more display units 25 according to exem-
plary embodiments.

[0090] The communication unit 30 is connected by wire or
wirelessly to a network 3 to communicate with an external
device or a server. The communication unit 30 may exchange
data with a hospital server or other medical apparatuses in a
hospital connected through a Picture Archiving and Commu-
nication System (PACS). Also, the communication unit 30
may perform data communication according to the Digital
Imaging and Communications in Medicine (DICOM) stan-
dard.

[0091] The communication unit 30 may transmit and
receive data related to diagnosis of the object 1, e.g., an
ultrasound image, ultrasound data, and Doppler data of the
object 1, via the network 3 and may also transmit and receive
medical images obtained by other medical apparatuses, e.g.,
a computer tomography (CT) image, a magnetic resonance
imaging (MRI) image, and an X-ray image. In addition, the
communication unit 30 may receive information related to a
diagnosis history or treatment schedule of a patient from a
server and use the information to diagnose the object 1. In
addition, the communication unit 30 may perform data com-
munication not only with a server or a medical apparatus in a
hospital, but also with a portable terminal of a doctor or a
patient.

[0092] The communication unit 30 may be connected by
wire or wirelessly to the network 3 to exchange data with a
server 35, a medical apparatus 34, or a portable terminal 36.
The communication unit 30 may include one or more com-
ponents that enable communication with external devices,
and may include, for example, a short-range communication
module 31, a wired communication module 32, and a mobile
communication module 33.

[0093] Theshort-range communication module 31 refers to
a module for short-range communication within a predeter-
mined distance. Examples of short-range communication
techniques according to an exemplary embodiment may
include wireless LAN, Wi-Fi, Bluetooth, Zighee, Wi-Fi
Direct (WFD), ultra wideband (UWB), infrared data associa-
tion (IrDA), Bluetooth Low Energy (BLE). and near field
communication (NFC); however, the inventive concept is not
limited thereto.

[0094] The wired communication module 32 refers to a
module for communication using electrical signals or optical
signals. Examples of wired communication techniques
according to an exemplary embodiment may include a
twisted pair cable, a coaxial cable, an optical fiber cable, and
an Ethernet cable.
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[0095] The mobile communication module 33 transmits
and receives wireless signals to and from at least one of a base
station, an external terminal, and a server on a mobile com-
munication network. Herein, the wireless signals may include
voice call signals, video call signals, or various types of data
for transmission and reception of text/multimedia messages.
[0096] Thememory 40 stores various data processed by the
ultrasound diagnosis apparatus 100. For example, the
memory 40 may store medical data related to diagnosis of the
object 1, such as ultrasound data and ultrasound images that
are input or output and may also store algorithms or programs
to be executed in the ultrasound diagnosis apparatus 100.
[0097] The memory 40 may be embodied as any of various
storage media such as a flash memory, a hard disk drive, and
an electrically erasable programmable read-only memory
(EEPROM). Also, the ultrasound diagnosis apparatus 100
may utilize web storage or a cloud server that functions as the
memory 40 online.

[0098] The input device 50 refers to a unit via which a user
inputs data for controlling the ultrasound diagnosis apparatus
100. The input device 50 may include hardware components,
such as a keypad, a mouse, a touch panel, a touch screen, a
track ball, and a jog switch. However, the inventive concept is
not limited thereto, and the input device 50 may further
include various other input units, such as an electrocardio-
gram measuring module, a respiration measuring module, a
voice recognition sensor, a gesture recognition sensor, a fin-
gerprint recognition sensor, an iris recognition sensor, a depth
sensor, and a distance sensor.

[0099] The control unit 60 may control overall operations
of the ultrasonic diagnosis apparatus 100. In other words, the
control unit 60 may control operations among the probe 2, the
ultrasound transmission/reception unit 10, the image process-
ing unit 20, the communication unit 30, the memory 40, and
the input device 50 illustrated in FIG. 1.

[0100] Allor some of the probe 2, the ultrasound transmis-
sion/reception unit 10, the image processing unit 20, the
communication unit 30, the memory 40, the input device 50,
and the control unit 60 may be operated by software modules.
However, the inventive concept is not limited thereto, and
some of the above components may be operated by hardware
modules. Also, at least one of the ultrasound transmission/
reception unit 10, the image processing unit 20, and the com-
munication unit 30 may be included in the control unit 60;
however, the inventive concept is not limited thereto.

[0101] For diagnosis of a disease by using an ultrasound
image, a marker may be set to indicate a predetermined posi-
tionor set adiagnosis regioninan ultrasound image including
an object.

[0102] Indetail, the marker may be setat a portion that is to
be observed in detail by the user to diagnose a disease or to
check the health of a patient. The inventive concept provides
an ultrasound diagnosis apparatus and an ultrasound image
display method, which may change and output an ultrasound
image to more accurately diagnose an object region in which
the marker is set.

[0103] FIG.2isablockdiagram illustrating a configuration
of a wireless probe 200 according to an exemplary embodi-
ment.

[0104] The wireless probe 200 may include a plurality of
transducers as described with reference to FIG. 1, and may
include some or all of the configurations of the ultrasound
transmission/reception unit 10 of FIG. 1 according to exem-
plary embodiments.
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[0105] The wireless probe 200 according to the exemplary
embodiment illustrated in FIG. 2 may include a transmission
unit 210, a transducer 220, and a reception unit 230, and
detailed descriptions of the respective components will be
omitted since they have already been described with refer-
ence to FIG. 1. The wireless probe 200 may include a recep-
tion delaying unit 233 and a summing unit 234 selectively
according to exemplary embodiments.

[0106] The wireless probe 200 may transmit an ultrasound
signal to the object 1 and receive an echo signal therefrom,
and may generate ultrasound data and wirelessly transmit the
ultrasound data to the ultrasound diagnosis apparatus 100 of
FIG. 1.

[0107] When a user performs an ultrasound diagnosis with
respect to a tubular target object, such as a blood vessel and a
digestive system, by using a ultrasound diagnosis apparatus
as described above, it may be necessary to move a viewpoint
to each of a plurality of terminal ends of the target object in
turn. Here, a viewpoint corresponds to a designated location
for obtaining an ultrasound image. In a current ultrasound
diagnosis apparatus, a viewpoint is moved by using a track-
ball. However, it is inconvenient for a user to move a view-
point using a trackball one after another. Furthermore, a user
is unable to recognize a path in which a viewpoint is moved
after the viewpoint is moved.

[0108] Hereinafter, referring to FIGS. 3 through 17, an
ultrasound diagnosis apparatus and an ultrasound diagnosis
method for easily moving viewpoints and a computer read-
able recording medium having recorded thereon a computer
program for implementing the method according to an
embodiment will be described in detail.

[0109] An ultrasound diagnosis apparatus may create an
ultrasound image by obtaining signals from a probe and mea-
sure a length, an angle, an area, and a volume of a particular
organ or a particular structure in the ultrasound image. Based
on the measurement, information regarding abnormal region
in a human body or information regarding gestational age
may be obtained. An ultrasound diagnosis apparatus is an
important tool frequently used for aiding a medical diagnosis,
and thus convenience of usage and accuracy are demanded.
[0110] Here, to improve efficiency of a medical diagnosis,
itis necessary to provide a method that enables a user, such as
a doctor, to easily move a viewpoint on a ultrasound image
using an input device.

[0111] FIG. 3 is a diagram showing a ultrasound diagnosis
apparatus 300 according to an embodiment.

[0112] Referring to FIG. 3, the ultrasound diagnosis appa-
ratus 300 according to an embodiment includes an image
generating unit 310 and a control unit 320.

[0113] Theultrasound diagnosis apparatus 300 may be any
electronic device capable of generating and processing an
ultrasound image and may correspond to the ultrasound diag-
nosis apparatus 100 as shown in FIG. 1. Furthermore, the
ultrasound diagnosis apparatus 300 may be the server 35, the
medical apparatus 34, or the terminal 36 that may be con-
nected to the ultrasound diagnosis apparatus 100 shown in
FIG. 1 via the network 3. Furthermore, the image generating
unit 310 and the control unit 320 of FIG. 3 correspond to the
image generating unit 24 and the control unit 60 of FIG. 1, and
thus descriptions identical to those given above with refer-
ence to FIG. 1 will be omitted.

[0114] The image generating unit 310 obtains a first ultra-
sound image based on ultrasound data obtained by scanning a
target object. Furthermore, the control unit 320 obtains first
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information including a plurality of nodes based on the ultra-
sound data and moves a viewpoint based on the first informa-
tion and obtain second ultrasound images.

[0115] Ultrasound data may be obtained by an ultrasound
data obtaining unit. Furthermore, the ultrasound data obtain-
ing unit may obtain ultrasound data by scanning a target
object using ultrasound signals. However, the inventive con-
cept is not limited thereto. For example, the ultrasound data
obtaining unit may correspond to the ultrasound transmis-
sion/reception unit 10 shown in FIG. 1, may receive ultra-
sound echo signals transmitted from the probe 2, and may
autonomously obtain ultrasound data by using the received
ultrasound echo signals. Furthermore, the ultrasound data
obtaining unit may correspond to the wireless probe 200 of
FIG. 2. The ultrasound data obtaining unit may receive ultra-
sound echo signals transmitted by the wireless probe 200 and
autonomously obtain ultrasound data by using the received
ultrasound echo signals.

[0116] For another example. the ultrasound data obtaining
unit may receive ultrasound data from an external device. For
example, the ultrasound data obtaining unit may receive ultra-
sound data from the network 3 of FIG. 1. However, the inven-
tive concept is not limited thereto, and the ultrasound diag-
nosis apparatus 300 may obtain ultrasound image data using
any of various other methods.

[0117] Furthermore, the control unit 320 may obtain trunk
lines interconnecting nodes and may obtain a structure
included in a first ultrasound image based on a plurality of
nodes and the trunk line. Furthermore, first information may
include at least one of trunk lines and a structure. Further-
more, the ultrasound diagnosis apparatus 300 may obtain a
sequence of nodes in the order that viewpoint is moved and
may obtain an ultrasound image based on the sequence of the
nodes and the first information when a viewpoint is moved.
[0118] A node is a nodal point at a particular location, and
a node may be connected to another node via a trunk line. A
node may be a branch node, a leaf node, and a path node. A
leafnode is a node connected to another node via a trunk line.
A path node is a node connected to two other nodes via trunk
lines. Furthermore, a branch node is a node connected to three
or more other nodes via trunk lines. A structure may be a
graph including nodes and trunk lines. A graph refers to a
drawing consisting of nodes and trunk lines indicating rela-
tionships between the nodes. Furthermore, a structure may
have a shape formed by nodes and trunk lines in correspon-
dence to that of a target object. For example, if a target object
is a heart including a blood vessel, a structure may be a blood
vessel structure having a shape identical or similar to that of
an actual blood vessel, such that a user may easily recognize
blood vessel shape. Furthermore, nodes may be included inan
image of a target object, and a display unit may display the
image together with an ultrasound image.

[0119] According to another embodiment, a node may be
obtained based on ultrasound data. For example, the ultra-
sound diagnosis apparatus 300 may extract at least one of
nodes and trunk lines from ultrasound data using a centerline
extracting algorithm. The ultrasound diagnosis apparatus 300
may obtain an ultrasound image based on at least one of nodes
and trunk lines. For example, the ultrasound diagnosis appa-
ratus 300 may obtain at least one of nodes and trunk lines as
a viewpoint and obtain an ultrasound image viewed from the
viewpoint.

[0120] Furthermore, according to another embodiment,
referring to FIG. 18(a), ultrasound data 1820 may be data on
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a coordinate system 1810. The coordinate system 1810 may
include at least one from among an orthogonal coordinate
system, a cylindrical coordinate system, and a circular coor-
dinate system. FIG. 18(«a) exemplifies a case in which the
coordinate system 1810 is an orthogonal coordinate system.
The control unit 320 may locate a node 1830 at a location a
designated distance apart from the ultrasound data 1820. For
example, the control unit 320 may locate a node at a coordi-
nate (x1, y1, z1. Furthermore, the ultrasound diagnosis appa-
ratus 300 may obtain an ultrasound image based on the node.
For example, the ultrasound diagnosis apparatus 300 may
obtain a node as a viewpoint and obtain an ultrasound image
viewed from the viewpoint based on the ultrasound data 1820.
In this case, the node may not be included in the ultrasound
image.

[0121] Furthermore, although the above descriptions are
given with respect to nodes, the inventive concept is not
limited thereto. For example, ultrasound data 1850 may be
data on a coordinate system 1840. The ultrasound diagnosis
apparatus 300 may locate an orbit 1860 at a location a desig-
nated distance apart from the ultrasound data 1850. Further-
more, the ultrasound diagnosis apparatus 300 may obtain an
ultrasound image based on the orbit. For example, the ultra-
sound diagnosis apparatus 300 may obtain an ultrasound
image viewed from the orbit based on the ultrasound data
1850.

[0122] An ultrasound image may include a first ultrasound
image and a second ultrasound image. A first ultrasound
imageis an image obtained based on ultrasound data obtained
by ultrasound scanning a target object. In detail, a first ultra-
sound image is an ultrasound image of a target object used by
a user to determining a region to observe. A first ultrasound
image may be at least one of a 2D cross-sectional ultrasound
image and a 3D-rendered endoscopic image. Furthermore, a
second ultrasound image is an ultrasound image obtained by
an ultrasound diagnosis apparatus for a user to observe an
ultrasound image of a target object. In detail, a second ultra-
sound image may be an ultrasound image showing a desig-
nated portion of a first ultrasound image in closer details.
[0123] For another example, a second ultrasound image
may be an ultrasound image showing a section of a designated
portion of a first ultrasound image. A user may observe a first
ultrasound image, which is an ultrasound image of a target
object, determine a portion to observe on the first ultrasound
image, and observe a second ultrasound image corresponding
to the determination. Therefore, a first ultrasound image and
a second ultrasound image may be actually displayed on a
same display screen. However, the inventive concept is not
limited thereto, and a first ultrasound image and a second
ultrasound image may be displayed on different display
screens for convenience of a user. For example, a first ultra-
sound image may be displayed at a designated portion of a
second ultrasound image as a mini ultrasound image. A first
ultrasound image may be an image showing an entire ultra-
sound image regarding a target object. A second ultrasound
image may be a screen image magnifying a designated por-
tion of a first ultrasound image. A first ultrasound image may
be displayed at a designated portion of a second ultrasound
image, and thus a user may determine which portion of a first
ultrasound image is magnified in a second ultrasound image
based on an entire image shown in the first ultrasound image.
[0124] Furthermore, a second ultrasound image may be an
image thatis 2-dimensionally or 3-dimensionally represented
by image processing a first ultrasound image. Furthermore, a



US 2016/0166238 A1l

second ultrasound image may include a virtual endoscopic
image based on ultrasound data. Therefore, a user may easily
perform a sketchy endoscopic diagnosis on a target object
using an ultrasound diagnosis apparatus without performing
an actual endoscopic diagnosis. In the present embodiment, a
first ultrasound image and a second ultrasound image are
separately stated if it is necessary to differentiate one from
another. However, if it is not necessary to differentiate, an
ultrasound image including a first ultrasound image and a
second ultrasound image is stated.

[0125] The control unit 320 may obtain nodes and trunk
lines from a first ultrasound image, obtain viewpoints at the
nodes and the trunk line of the first ultrasound image, and
provide a second ultrasound image to a user. According to the
inventive concept, a viewpoint may be automatically moved
along nodes and trunk lines. In detail, the control unit 320
may move a viewpoint of an ultrasound image in a particular
direction or according to pre-set rules. Therefore, it is not
necessary for a user to move a viewpoint by using a trackball.
[0126] FIG. 4 is a diagram showing a ultrasound diagnosis
apparatus 300 according to another embodiment.

[0127] Referring to FIG. 4, the ultrasound diagnosis appa-
ratus 300 according to another embodiment includes an
image generating unit 310, a control unit 320, an input unit
430, and a display unit 440. Since the image generating unit
310 and the control unit 320 included in the ultrasound diag-
nosis apparatus 300 are identical to the image generating unit
310 and the control unit 320 described above with reference
to FIG. 3, descriptions thereof will be omitted, and descrip-
tions of the input unit 430 and the display unit 440 will be
given below.

[0128] The input unit 430 may be identical to the input
device 50 of FIG. 1, and thus description identical to the
description of the input device 50 given above will be omitted.
The input unit 430 may receive a user input from a user via a
user interface screen image including a first ultrasound
image. The input unit 430 may correspond to the input device
50. For example, the input unit 430 may be formed as a touch
screen and may receive a user input via a user interface screen
image including a first ultrasound image displayed on the
touch screen. Based on a user input received by the input unit
430, the control unit 320 may obtain nodes and trunk lines
from a first ultrasound image, obtain viewpoints at the nodes
and the trunk line on the first ultrasound image, and provide a
second ultrasound image to a user. The input unit 430 may
receive a viewpoint moving input from a user. For example, if
the input unit 430 includes a mouse, a user may move a
viewpoint between nodes by clicking the nodes using the
mouse, which is the input unit 430.

[0129] Furthermore, based on an input received by the
input unit 430, the control unit 320 may obtain a sequence of
nodes. The control unit 320 may move a viewpoint based on
the sequence of the nodes and obtain an ultrasound image.
[0130] The display unit 440 may correspond to the display
unit 25 of FIG. 1, and thus descriptions thereof already given
above with reference to FIG. 1 will be omitted. The display
unit 440 displays a designated screen image under the control
of the input unit 430. In detail, the display unit 440 includes a
display panel (not shown) and may display a user interface
screen image or a medical image screen image including an
ultrasound image or the like on the display panel. The display
unit 440 may display a first ultrasound image and a second
ultrasound image. Furthermore, the control unit 320 may
obtain second information indicating at least one of alocation
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and a direction of a viewpoint based on first information. The
display unit 440 may display an image in which at least one of
first information and second information is displayed on a
first ultrasound image. Here, a direction of a viewpoint refers
to a direction at a designated location for obtaining an ultra-
sound image.

[0131] Furthermore, according to another embodiment, the
ultrasound diagnosis apparatus 300 may include an image
generating unit 310, a control unit 320, and an input unit 430.
The image generating unit 310 may obtain a first ultrasound
image by scanning a target object. Furthermore, the input unit
430 may receive an input from a user. Furthermore, the con-
trolunit 320 may obtain first information including a plurality
of nodes included in the first ultrasound image and may move
a viewpoint based on the first information and the received
input and obtain second ultrasound images.

[0132] Furthermore, according to another embodiment, the
ultrasound diagnosis apparatus 300 may include an image
generating unit 310, a control unit 320, and an input unit 430.
The image generating unit 310 may obtain a first ultrasound
image by scanning a target object. The control unit 320 may
obtain first information including at least one of a plurality of
nodes and trunk lines included in the first ultrasound image
and may move a viewpoint based on the first information and
obtain second ultrasound images. Furthermore, the display
unit 440 may display first information passed by the view-
point to be distinguishable from first information not yet
passed by the viewpoint. The display unit 440 may use dif-
ferent shapes, different colors, different transparencies, dif-
ferent animation effects, or different texts to display first
information passed by the viewpoint to be distinguishable
from first information not yet passed by the viewpoint.
[0133] Furthermore, according to another embodiment, the
ultrasound diagnosis apparatus 300 may include an image
generating unit 310, a control unit 320, and an input unit 430.
The image generating unit 310 may obtain a first ultrasound
image by scanning a target object. The input unit 430 may
receive an input from a user. The control unit 320 may obtain
first information including a plurality of nodes included in the
first ultrasound image, obtain a sequence of the nodes based
on the received input, and move a viewpoint based on the
sequence of the nodes and obtain second ultrasound images.
[0134] FIG. 5isadiagram showing an ultrasound diagnosis
method according to an embodiment.

[0135] Referring to FIG. 5, the ultrasound diagnosis
method according to an embodiment may include an opera-
tion 510 for obtaining a first ultrasound image, an operation
520 for obtaining first information, and an operation 540 for
obtaining second ultrasound images. An ultrasound diagnosis
method according to an embodiment may be performed by
the ultrasound diagnosis apparatus 300 according to the
embodiments described above with reference to FIGS. 3 and
4. Hereinafter, the ultrasound diagnosis method according to
an embodiment will be described in relation to the ultrasound
diagnosis apparatus 300 in FIG. 4. Furthermore, detailed
description of the ultrasound diagnosis method according to
an embodiment will be given below except descriptions iden-
tical to the descriptions of the ultrasound diagnosis apparatus
300 given above with reference to FIGS. 3 and 4 will be
omitted.

[0136] The operation 510 for obtaining a first ultrasound
image is an operation in which ultrasound data is obtained by
scanning a target object and the image generating unit 310
obtains a first ultrasound image based on the ultrasound data.
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The operation 510 may be performed as the ultrasound diag-
nosis apparatus 300 externally receives or autonomously gen-
erates a first ultrasound image obtained based on ultrasound
data transmitted via the probe 2. The operation 520 for obtain-
ing first information is an operation in which the control unit
320 obtains first information including a plurality of nodes
based on the ultrasound data. The operation 520 may be
performed by the control unit 320. Furthermore, the control
unit 320 may perform an operation for moving a viewpoint
based on the first information and obtaining second ultra-
sound images.

[0137] The control unit 320 may perform an operation for
obtaining second information indicating at least one of a
location and a direction of a viewpoint based on the first
information. Furthermore, under the control of the control
unit 320, the display unit 440 may perform an operation for
displaying at least one of the first information and the second
information on the first ultrasound image.

[0138] The control unit 320 may perform an operation for
obtaining trunk lines interconnecting nodes and an operation
for obtaining a structure included in the first ultrasound image
based on a plurality of nodes and trunk lines. The first infor-
mation may include at least one of trunk lines and a structure.
[0139] The operation 540 for obtaining the second ultra-
sound images may include an operation (not shown) for auto-
matically obtaining a sequence of at least two nodes from
among a plurality of nodes; and an operation (not shown) in
which the image generating unit 310 moves a viewpoint
according to the obtained sequence of the nodes and obtains
second ultrasound images.

[0140] The input unit 430 may perform an operation for
receiving an input related to the first information from a user
onto the first ultrasound image.

[0141] The control unit 320 may perform an operation for
performing adding, moving, or deleting at least one of the
nodes and the trunk line based on the received input.

[0142] The operation 540 for obtaining the second ultra-
sound images may include an operation for receiving an input
for selecting at least one node from among the nodes from a
user and an operation for automatically obtaining the second
ultrasound images based on the selected node(s).

[0143] The operation for obtaining the second ultrasound
images may include an operation for receiving an input for
selecting at least one node from among the nodes from a user
and an operation for automatically obtaining the second ultra-
sound images based on nodes other than the selected node(s).
[0144] The input unit 430 may perform an operation for
receiving an input related to a sequence of at least two nodes
from among the nodes from a user. The control unit 320 may
perform an operation for moving a viewpoint based on the
received input related to the sequence of the nodes and obtain-
ing the second ultrasound images.

[0145] The input unit 430 may perform an operation for
receiving an input related to a speed of movement between
nodes from a user. The control unit 320 may perform an
operation for obtaining the second ultrasound images by
moving a viewpoint based on the speed of movement. Fur-
thermore, the input related to the speed of movement may
include moving times between nodes. Therefore, a user may
set moving times between nodes, so that the user may move a
viewpoint slowly at a region for detailed observation.

[0146] The operation for obtaining the first information
may include an operation for extracting first information
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including nodes and trunk lines from an ultrasound image by
using an image processing including a centerline extracting
algorithm.

[0147] The operation for obtaining the second ultrasound
images may include an operation for moving a viewpoint
based on the extracted first information and automatically
obtaining the second ultrasound images.

[0148] The operation for obtaining the second ultrasound
images may include an operation for moving a viewpoint
along trunk lines between nodes and obtaining the second
ultrasound images.

[0149] The display unit 440 may perform an operation for
displaying at least one of nodes and trunk lines that are passed
by the viewpoint to obtain images.

[0150] Furthermore, the display unit 440 may perform an
operation for displaying at least one of nodes and trunk lines
passed by a viewpoint in at least one ofa transparency, a color,
and a shape different from nodes and trunk lines not passed by
the viewpoint. For example, nodes and trunk lines not passed
by a viewpoint may be displayed more transparently than
nodes and trunk lines passed by the viewpoint. Furthermore,
nodes and trunk lines not passed by a viewpoint may be
displayed in colors different from nodes and trunk lines
passed by the viewpoint. Furthermore, nodes not passed by a
viewpoint may be displayed as triangles, whereas nodes
passed by the viewpoint may be displayed as circles. Further-
more, nodes and trunk lines not passed by a viewpoint may be
displayed using animation effects different from nodes and
trunk lines passed by the viewpoint.

[0151] An ultrasound diagnosis method according to
another embodiment may include an operation in which an
ultrasound data obtaining unit (not shown) obtains ultrasound
data by scanning a target object. Furthermore, the input umt
430 may receive an input from a user. Furthermore, the con-
trolunit 320 may obtain first information including a plurality
of nodes based on the ultrasound data and may obtain an
ultrasound image by moving a viewpoint based on the first
information and the received input.

[0152] An ultrasound diagnosis method according to
another embodiment may include an operation in which an
ultrasound data obtaining unit (not shown) obtains ultrasound
data by scanning a target object. Furthermore, the control umt
320 may obtain first information including at least one of a
plurality of nodes and trunk lines based on the ultrasound data
and move a viewpoint based on the first information. Further-
more, the display unit 440 may display first information
passed by the viewpoint to be distinguishable from first infor-
mation not passed by the viewpoint. The display unit 440 may
use different shapes, colors, transparencies, animation
effects, or texts to distinguish the first information passed by
the viewpoint from the first information not passed by the
viewpoint.

[0153] An ultrasound diagnosis method according to
another embodiment may include an operation in which an
ultrasound data obtaining umit (not shown) obtains a first
ultrasound image by scanning a target object. Furthermore,
the input unit 430 may receive an input from a user. Further-
more, the control unit 320 may obtain first information
including a plurality of nodes included in the first ultrasound
image based on the received input and obtain a sequence of
nodes based on the received input. Furthermore, second ultra-
sound images may be obtained by moving an viewpoint based
on the first information and the sequence of the nodes.
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[0154] Furthermore, a computer readable recording
medium having recorded thereon a computer program for
implementing the method described above with reference to
FIG. 5 may be provided.

[0155] FIG. 6 is a diagram for describing movement of a
viewpoint on an ultrasound image at an ultrasound diagnosis
apparatus in the related art.

[0156] Referring to FIG. 6, it is difficult for a user to move
a viewpoint to observe a region of interest at an ultrasound
diagnosis apparatus in the related art. In case of a general
ultrasound diagnosis apparatus, a viewpoint of an ultrasound
image is adjusted in correspondence to a user input that is
input via a trackball. For diagnosis of a target object, it is
necessary for a user to observe the target object by moving a
viewpoint of an ultrasound image. Hereinafter, a case in
which a user moves a viewpoint by using a trackball will be
described. For example, a process for a user to observe a point
653 and a point 654 on an ultrasound image 650 of FIG. 6 will
be described below. Referring to FIG. 6(a), an initial view-
point 611 is located at a point 612 on an ultrasound image 610.
Although a viewpoint may not be actually displayed on the
ultrasound image 610, the viewpoint is displayed as a camera
for convenience of explanation.

[0157] Referring to FIG. 6(b), it is necessary for a user to
see an ultrasound image 620 and move a viewpoint 621 from
a point 622 to a fork to a point 622 and a point 623 by using
a trackball. Next, referring to FIG. 6(c), it is necessary for the
user to see an ultrasound image 630 and move a viewpoint
631 to a point 633. Next, referring to FIG. 6(d). to move to a
point 644 on an ultrasound image 640, it is necessary for the
user to move a viewpoint 641 to a fork to a point 643 and the
point 644. Next, referring to FIG. 6(e), it is necessary for the
user to move a viewpoint 651 to a final destination point 654
on an ultrasound image 650. In the related art as described
above, it is necessary for a user to manually move an view-
point by using a trackball, and thus it is not convenient to
move a viewpoint for an ultrasound diagnosis.

[0158] Furthermore, in FIG. 6, if there are a plurality of
branches, it is not easy to distinguish regions already
observed by a user from regions not yet observed by the user.
Forexample, the user moved the viewpoint 641 from the point
643 to the branch on the ultrasound image 640. Since a region
corresponding to the point 642 is a region already observed by
the user on the ultrasound image 610, the user may want to
observer a region corresponding to the point 644. However,
since a moving path or an observed point is not displayed on
the ultrasound image 640 at the ultrasound diagnosis appara-
tus 300 in the related art, the user may not be sure whether an
unobserved point is the point 642 or the point 644. Further-
more, if the ultrasound image 640 is a real-time image, the
ultrasound image 640) may be continuously changed, and
thus a serious problem may occur. The inventive concept may
resolve the problem in the related art.

[0159] Operations of an ultrasound diagnosis apparatus
according to an embodiment will be described in detail with
reference to FIGS. 7 through 17. Furthermore, the ultrasound
diagnosis apparatus 300 shown in FIG. 4 will be exemplified
below as an ultrasound diagnosis apparatus according to an
embodiment.

[0160] FIG. 7 is a diagram showing movement of a view-
point on an ultrasound image according to an embodiment.
[0161] Based onatleastoneofa first ultrasound image 710
and ultrasound data, the control unit 320 may obtain nodes
717, 712, 713, and 714. Furthermore, trunk lines 715, 716,
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and 718 between the nodes 717, 712, 713, and 714 may be
obtained. The nodes 717, 712, 713, and 714 and the trunk
lines 715, 716, and 718 may be formed as a tree-like structure.
Nodes (the nodes 717, 712, 713, and 714) may be included in
first information. The nodes (the nodes 717, 712, 713, and
714) may correspond to a plurality of pixels on the display
unit 440, respectively.

[0162] The control unit 320 may automatically obtain a
sequence of at least two nodes from among nodes and control
the image generating unit 310 to move a viewpoint according
to the obtained sequence of the nodes and obtain second
ultrasound images. For example, the control unit 320 may
determine a moving sequence regarding at least one of the
nodes 717,712,713, and 714 and the trunk lines 715, 716, and
718. To pass every node, the control unit 320 may automati-
cally obtain a sequence of nodes 717->712->713->712->714.
Furthermore, the control unit 320 may move a screen image
along trunk lines and obtain second ultrasound images. For
example, the ultrasound diagnosis apparatus 300, which
received a designated input from a user, may move a view-
point on an ultrasound image 720 and obtain second ultra-
sound images. In other words, the control unit 320 may move
a viewpoint 721 from an initial node 727 to a node 722 viaa
trunk line 728 on the ultrasound image 720. Next, the control
unit 320 may move the viewpoint 721 to a node 723 via a
trunk line 725 based on the obtained sequence of the nodes.

[0163] Furthermore, the control unit 320 may move a view-
point based on first information and a received user input and
obtain an ultrasound image. For example, referring to the
ultrasound image 710, if a viewpoint is located at the node
712, the input unit 430 may receive an input to move the
viewpoint to the node 713 from a user. In detail, the user may
click the node 713 by using a mouse. The ultrasound diagno-
sis apparatus 300 may move the viewpoint from the node 712
to the node 713 based on the received input. Furthermore, the
ultrasound diagnosis apparatus 300 may obtain an ultrasound
image after moving the viewpoint to the node 713.

[0164] The display unit 440 may display first information
(e.g., nodes and trunk lines) already passed by the viewpoint
721 to be distinguishable from first information (e.g., nodes
and trunk lines) not yet passed by the viewpoint 721, on the
ultrasound image 720. In other words, the display unit 440
may display nodes and trunk lines, through which the view-
point 721 passed and ultrasound images are obtained, to be
distinguishable from nodes and trunk lines at which ultra-
sound images are not obtained. In detail, the display unit 440
may display nodes and trunk lines already passed by the
viewpoint 721 to be distinguishable from nodes and trunk
lines not yet passed by the viewpoint 721 using at least one of
different shapes, different colors, and different transparen-
cies, on the ultrasound image 720.

[0165] The control unit 320 may display nodes and trunk
lines not passed by a viewpoint to be more transparent than
nodes and trunk lines passed by the viewpoint. Furthermore,
the control unit 320 may display nodes and trunk lines not
passed by a viewpoint in colors different from nodes and
trunk lines passed by the viewpoint. Furthermore, the control
unit 320 may display nodes not passed by a viewpoint as
triangles and display nodes passed by the viewpoint as
circles. Furthermore, the control unit 320 may display nodes
and trunk lines not passed by a viewpoint by using animation
effects different from nodes and trunk lines passed by the
viewpoint.
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[0166] Furthermore, the control unit 320 may display a list
of nodes and trunk lines. The control unit 320 may display
nodes and trunk lines not passed by a viewpoint to be distin-
guishable from nodes and trunk lines passed by a viewpointin
the list. For example, the ultrasound diagnosis apparatus 300
may display nodes and trunk lines at which second ultrasound
images are obtained in bold letters or different fonts from
nodes and trunk lines at which no second ultrasound image is
obtained. Furthermore, the ultrasound diagnosis apparatus
300 may display designated icons next to letters indicating
nodes and trunk lines at which second ultrasound images are
obtained.

[0167] Forexample, the nodes 727, 722, and 723 passed by
the viewpoint 721 may be displayed as white circles, whereas
the node 724 not passed by the viewpoint 721 may be dis-
played as a black circle. Furthermore, the trunk lines 728 and
725 passed by the viewpoint 721 may be displayed as dotted
lines. Therefore, a user may easily recognize nodes and trunk
lines that are already observed. FIG. 7 shows an embodiment
in which nodes and trunk lines passed by a viewpoint are
displayed as dots and lines on the ultrasound image 720.
However, the inventive concept is not limited thereto. For
example, names of nodes and names of trunk lines passed by
a viewpoint may be displayed as a list.

[0168] Next,aviewpoint 731 may move fromanode 733 to
anode 732 via a trunk line 735. Next, the viewpoint 731 may
move along a trunk line 736 and arrive at a node 734 accord-
ing to an obtained sequence of nodes. Since the viewpoint 731
has passed all nodes and trunk lines, the ultrasound diagnosis
apparatus 300 may display the nodes and the trunk lines
already passed by the viewpoint 731 to be distinguishable
from nodes and trunk lines not passed by the viewpoint 731
by using at least one of different shapes, different colors, an
different transparencies. Since displaying nodes and trunk
lines to be distinguishable from other nodes and trunk lines by
using at least one of different shapes, different colors, and
different transparencies is already described above, detailed
descriptions thereof will be omitted. The input unit 430 may
receive an input related to a sequence of at least two nodes
from among a plurality of nodes from a user, and the control
unit 320 may move a viewpoint based on the received input
related to the sequence of the nodes and obtain second ultra-
sound images.

[0169] For example, referring to FIG. 7, the input unit 430
according to an embodiment may receive an input for sequen-
tially selecting the node 713 and the node 714 from a user. For
example, the user may recognize that the viewpoint 711 is at
the node 717 and may sequentially click the node 713 and the
node 714. The control unit 320 may automatically obtain a
sequence of nodes 717->712->713->712->714 based on a
location of the viewpoint 711 and the received user input.
Although the node 712 is not directly selected by the user, the
node 712 may be included in the sequence of the nodes to
move the viewpoint 711 from the node 717 to the node 713 via
trunk lines. The control unit 320 may move a viewpoint
according to the obtained sequence of the nodes and obtain
second ultrasound image. Since movement of a viewpoint is
described above, detailed descriptions\ thereof will be omit-
ted.

[0170] Although FIG. 7 shows that a viewpoint moves
along trunk lines, the inventive concept is not limited thereto.
For example, the input unit 430 may receive an input for
sequentially selecting the node 713 and the node 714 from a
user. For example, the user may recognize that the viewpoint
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711 is at the node 717 and may sequentially click the node 713
and the node 714. The control unit 320 may control the
viewpoint to jump from the node 717 to the node 713 and to
jump from the node 713 to the node 714 based on the received
user input.

[0171] FIG. 8 is a diagram showing movement of a view-
point on an ultrasound image according to an embodiment.

[0172] Referring to FIG. 8, a target object may be a body
part including a tubular tissue, such as a blood vessel, a
digestive canal, and a lactiferous drift The image generating
unit 310 may obtain a first ultrasound image 800 of the target
object based on ultrasound data. The control unit 320 may
obtain nodes 810, 820, 830, 840, 850, 860, and 870 and trunk
lines 811, 812, 813, 821, 841, and 842 based on at least one of
the first ultrasound image 800 and the ultrasound data. The
input unit 430 may receive an input from a user, and the
control unit 320 may obtain nodes and trunk lines based on
the received input. Alternatively, the control unit 320 may
extract nodes and trunk lines by performing an image pro-
cessing to the ultrasound image 800. The image processing
may include a centerline extracting algorithm. From among
the nodes, the node 850, the node 830, the node 860, and the
node 870 are leaf nodes. Furthermore, the node 820 is a path
node, and the node 810 and the node 840 are branch nodes.

[0173] As described above with reference to FIG. 7, the
control unit 320 may move a viewpoint to automatically pass
all nodes and trunk lines. However, a user may want to obtain
ultrasound images not at all nodes, but at some nodes. The
input unit 430 may receive an input for selecting at least one
node from among nodes from the user, and the control unit
320 may automatically obtain second ultrasound images
based on the selected node(s). Furthermore, the input unit 430
may receive an input for selecting at least one node from
among nodes from the user, and the control unit 320 may
automatically obtain second ultrasound images based on
nodes other than the selected node(s).

[0174] Inanultrasound diagnosis apparatus according to an
embodiment, the input unit 430 may receive information
regarding nodes to pass from a user. For example, the input
unit 430 may receive an input for sequentially selecting the
node 810, the node 850, and the node 860 from a user. In this
case, the control unit 320 may obtain a sequence of moving a
viewpoint, such that the viewpoint passes the node 810, the
node 850, and the node 860 in the order stated. Furthermore,
the ultrasound diagnosis apparatus 300 may include a
sequence of moving a viewpoint in first information.

[0175] Forexample, a sequence of moving a viewpoint may
be thenode 810, the node 820, the node 850, the node 820, the
node 810, the node 840, and the node 860. Although the node
820 and node 840 are not nodes received by the input unit 430
from the user, the node 820 and node 840 are nodes on a path
for passing nodes received from the user, and thus the control
unit 320 may add the node 820 and node 840 to a sequence of
moving a viewpoint. The control unit 320 may move a view-
point along trunk lines according to the sequence of nodes as
described above and obtain ultrasound images. In other
words, the control unit 320 may move a viewpoint along the
trunk line 811, the trunk line 821, the trunk line 821, the trunk
line 811, the trunk line 813, and the trunk line 841 and obtain
ultrasound images. Although an example in which the input
unit 430 receives a selection of nodes from a user is described
above, the inventive concept is not limited thereto, and a user
may select trunk lines. The input unit 430 may receive a
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selection of trunk lines and the control unit 320 may move a
viewpoint in manners similar to those described above.

[0176] In an ultrasound diagnosis apparatus according to
another embodiment, a viewpoint may not be moved along
trunk lines. For example, the input unit 430 may receive an
input for sequentially selecting the node 810, the node 850,
and the node 860 from a user. In this case, the control unit 320
may obtain a sequence of moving a viewpoint for passing the
node 810, the node 850, and the node 860 in the order stated.
For example, the sequence of moving a viewpoint may be the
node 810, the node 850, and the node 860. Based on the
sequence of nodes as described above, the control unit 320
may obtain an ultrasound image at the node 810, obtain an
ultrasound image at the node 850, and finally obtain an ultra-
sound image at the node 860 in the order stated. Furthermore,
auser may select trunk lines instead of nodes. In this case, the
control unit 320 may obtain ultrasound images at selected
trunk lines.

[0177] In an ultrasound diagnosis apparatus according to
another embodiment, the input unit 430 may receive infor-
mation regarding nodes to not to visit from a user. For
example, the input unit 430 may receive an input for sequen-
tially selecting the node 820, the node 850, and the node 860
from a user. In this case, the control unit 320 may obtain a
sequence of moving a viewpoint to sequentially visit the node
810, the node 830, the node 840, and the node 870 except the
node 820, the node 850, and the node 860. For example, the
sequence of moving a viewpoint may be the node 810, the
node 830, the node 810, the node 840, and the node 8§70.
Although the node 820 and node 840 are not nodes received
from the user, the control unit 320 may move a viewpoint
along trunk lines based on the sequence of nodes as described
above and obtain ultrasound image. In other words, to
observe a target object by moving a viewpoint for observing
regions corresponding to the node 830, the node 810, the node
840, and the node 870, the control unit 320 may obtain ultra-
sound images by moving the viewpoint from above to below
the trunk line 812, from below to above the trunk line 812,
from above to below the trunk line 813, from below and above
the trunk line 813, from above to below the trunk line 842, and
from below to above the trunk line 842. Although an example
in which the input unit 430 receives a selection of nodes to not
to visit from a user is described above, the inventive concept
is not limited thereto, and a user may select trunk lines to not
to visit. The input unit 430 may receive a selection of trunk
lines from a user and the control unit 320 may move a view-
point in manners similar to those described above. In an
ultrasound diagnosis apparatus according to another embodi-
ment, a viewpoint may not be moved based on trunk lines.

[0178] FIG. 9 is a diagram showing an ultrasound image
according to an embodiment.

[0179] An ultrasound image 910 may be a 2-dimensional
(2D) plan view image of a target object. Alternatively, the
ultrasound image 910 may be a 3-dimensional (3D) ultra-
sound image of the target object. An ultrasound image 920
may be a 2D lateral view image or a 2D sectional view image
of the target object. An ultrasound image 930 may be a 2D
front view image of the target object. For example, an ultra-
sound image 940 may be a 3D image of the target object
viewed from the front based on ultrasound data. The ultra-
sound diagnosis apparatus 300 may obtain at least one of a
plan view image, alateral view image, a front view image, and
a 3D ultrasound image of the target object.

Jun. 16,2016

[0180] Both a first ultrasound image, which is obtained to
determine a region to be observed by a user, and a second
ultrasound image, which is an image of a region to be
observed by a user, may be displayed in an ultrasound image
900. For example, nodes and trunk lines are displayed on the
ultrasound image 910. Since a user may determine a region to
observe by selecting nodes and trunk lines on the ultrasound
image 910, the ultrasound image 910 may become a first
ultrasound image. Furthermore, if the user selects the nodes
and trunk lines on the ultrasound image 910, the ultrasound
image 910 may be magnified around the corresponding nodes
and trunk lines, and the magnified ultrasound image 910 may
become a second ultrasound image. Alternatively, a 3D ultra-
sound image 940 of the target object at the corresponding
nodes and trunk lines may become a second ultrasound
image. Since the ultrasound image 910 includes the clearest
representation of the branched structure of the target object,
the above description is given based on the ultrasound image
910. However, the inventive concept is not limited thereto,
and a first ultrasound image and a second ultrasound image
may be displayed with respect to at least one of the ultrasound
image 920, the ultrasound image 930, and the ultrasound
image 940.

[0181] Nodes 911, 912, 913, 914, 915, and 916 on the
ultrasound image 910 may be obtained based on an input from
a user received by the input unit 430. Furthermore, the nodes
911, 912, 913, 914, 915, and 916 may also be automatically
obtained by the control unit 320. A trunk line may be arranged
between a node and another node. The node 912 may corre-
spond to a point 941 on the ultrasound image 940. Further-
more, the node 914 may correspond to a point 942 on the
ultrasound image 940. Although relationships of correspon-
dences are indicated with arrows in FIG. 9, no arrow may be
displayed on the actual ultrasound image 900. Furthermore,
the nodes 915 and 916 may corresponding to points 943 and
944 on the ultrasound image 940, respectively.

[0182] FIG. 10 is a diagram showing a process for obtain-
ing nodes based on a user input, according to an embodiment.
[0183] Theinputunit 430 may receive at least one of inputs
for adding, moving, and deleting nodes and trunk lines from
a user, and the control unit 320 may modify the nodes and
trunk lines.

[0184] For example, an ultrasound image 1010 may be a
plan view image of a target object. The input unit 430 may
receive an input from a user, and the control unit 320 may
obtain nodes based on the received input. For example, a user
may locate an indicator 1012 at a location for generating a
node on the ultrasound image 1010. The input unit 430 may
receive an input from the user at location of anode 1011. The
control unit 320 may obtain the node 1011 based on the
received input. Furthermore, the user may move an indicator
1022 on an ultrasound image 1020. The input unit 430 may
receive an input from the user at location of anode 1021. The
control unit 320 may obtain the node 1021 based on the
received input. Furthermore, the control unit 320 may auto-
matically obtain a trunk line 1023 based on a node 1024 and
the node 1021.

[0185] Furthermore, as described above, the control unit
320 may obtain the node 1021 based on the received input and
determine a sequence of moving a viewpoint with respect to
the node 1024 and the node 1021. For example, since the node
1021 is additionally obtained after the node 1024, the control
unit 320 may obtain a sequence of moving a viewpoint with
respect to nodes, such that the viewpoint sequentially passes
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the node 1024 and the node 1021. The control unit 320 may
move a viewpoint based on the sequence of nodes and first
information and obtain ultrasound images.

[0186] FIGS. 11A through 11C are diagrams showing that
a control unit automatically obtains nodes and trunk lines,
according to an embodiment.

[0187] The control unit 320 may extract nodes and trunk
lines from at least one of ultrasound data and an ultrasound
image by using a centerline extracting algorithm. An ultra-
sound image 1100 is an image showing an ultrasound image
of ablood vessel, which is a target object. A blood vessel has
a 3D structure and is complicatedly tangled. The ultrasound
diagnosis apparatus 300 may obtain nodes and trunk lines by
performing an image processing to an image of a 3D struc-
ture. However, for convenience of explanation, a process of
obtaining nodes and trunk lines will be described below in
relation to a case in which a target object has a 2D leaf-like
shape.

[0188] Thecontrolunit320 may perform animage process-
ing, such that a structure extracted from the ultrasound image
1100 (e.g., a blood vessel) is clearly distinguishable from a
structure that is not extracted. For example, referring to FIG.
11A, in the ultrasound image 1100, a background 1102 may
be displayed in white, whereas a target object 1101 may be
displayed in black. The ultrasound diagnosis apparatus 300
may obtain a centerline of a target object 1111 by performing
an image processing with respect to the ultrasound image
1100. For example, the control unit 320 may calculate dis-
tances between the respective pixels included in the black
area of the target object 1101 to the white area of the back-
ground 1102. For example, referring to a magnified image
1105 of the ultrasound image 1100, the control unit 320 may
determine the closest white pixel 1103 of the background
1102 to a black pixel 1104 included in the target object 1101.
Furthermore, the control unit 320 may calculate a distance
between the black pixel 1104 and the determined white pixel
1103, wherein the distance is ‘2.” Furthermore, the control
unit 320 may determine the closest white pixel 1106 of the
background 1102 to a black pixel 1107 included in the target
object 1101. Furthermore, the control unit 320 may calculate
a distance between the black pixel 1107 and the determined
white pixel 1106, wherein the distance is ‘1.” Furthermore, the
control unit 320 may obtain an image 1110 including the
calculated distances as pixels (1107,1104) values.

[0189] Referring to theimage 1110, a target object 1111 to
which calculated pixel values are applied is shown. In other
words, brighter colors may be displayed toward the centerline
of the target object 1111, and darker colors may be displayed
toward the background.

[0190] The control unit 320 may apply a suitable kernel to
the image 1110. For example, a suitable kernel may be a
Laplace-Gaussian kernel having a radius of 2. The control
unit 320 may obtained an image-processed image 1120. The
image 1120 may obtain a centerline 1121 based on the image
1110.

[0191] The control unit 320 may obtain only a centerline
1131 by performing an image processing with respect to the
image 1120. An image 1130 may include a the black center-
line 1131 and the white background.

[0192] Furthermore, referring to FIG. 11B, the control unit
320 may partition the image 1130. Partitioning refers to split-
ting the image 1130 and analyzing split pieces of the image
1130. Referring to an image 1104, the image 1130 is split into
16x22 pieces. Referring to an image 1150, which is a mag-
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nified image of a piece 1141, the piece 1141 consists of 4x4
pixels. The image 1150 may include black pixels 1151 and
white pixels 1152. The control unit 320 may determine the
center pixel of black pixels of the piece 1141 for each of the
pieces of the image 1140. For example, coordinates of the
black pixels in the image 1105 may be (2, 1), (2, 2), (3, 2), (3,
3), and (3, 4), respectively. Coordinate of the center pixel may
be calculated as shown in Equation 1 below.

XCM=(Zieblack pixels Xi)/number of black pixels

YCM=(Zieblack pixels ¥i)/number of black pixels

[0193] In other words, XCM may be (2+2+3+343)/5=2.6
and YCM may be (1+2+2+3+4)/5=2.4, where (XCM, YCM)
may be (3, 2) by rounding up the respective values. Calculated
center pixels may become nodes. Furthermore, a line inter-
connecting a node and another node may become a trunk line.
[0194] Referring to FIG. 11C, as described above, the con-
trol unit 320 may obtain an image 1160 consisting of center
pixels and lines interconnecting the center pixels. However, a
region 1161 of the image 1160 may include small cycles
1170. The control unit 320 may obtain an image 1180 by
removing such cycles from the image 1160. Referring to FIG.
11C, there is a difference between a region 1181 and the
region 1161. The control unit 320 may obtain second ultra-
sound images based on nodes and trunk lines obtained as
described above with reference to FIGS. 11A through 11C.
[0195] FIG. 12 is a diagram showing a process of modify-
ing nodes according to an embodiment.

[0196] An ultrasound image 1210 may include nodes. A
user may select a node 1211 by moving an indicator 1213 to
delete a node. The input unit 430 may receive an input from
the user. The control unit 320 may delete the node 1211 based
on the received input. Referring to an ultrasound image 1220,
the node 1211 is deleted. Furthermore, a trunk line intercon-
necting the node 1211 and a node 1212 may also be deleted.
Although FIG. 12 shows an embodiment for deleting a node,
location of'a node may be modified or a node may be added in
similar manners.

[0197] FIG. 13A is a diagram showing movement between
nodes, according to an embodiment.

[0198] An ultrasound image 1310 may be a 2D plan view
image of a target object. An ultrasound image 1320 may be a
2D lateral view image of the target object. An ultrasound
image 1330 may be a front view image of the target object. An
ultrasound image 1340 may be a 2D image of the target object
based on ultrasound data. The ultrasound diagnosis apparatus
300 may obtain at least one of a plan view image, a lateral
view image, a front view image, and a 3D ultrasound image of
a target object.

[0199] In an ultrasound image 1300, a first ultrasound
image used by a user for determining a region to observe and
a second ultrasound image, which is an image of a region to
observe used by a user to observe an ultrasound image of
target object, may be displayed together. For example, an
ultrasound image 1310 may be an ultrasound image obtained
by an ultrasound diagnosis apparatus for a user to observe a
target object and an ultrasound image used by the user to
determine a region to observe.

[0200] In detail, nodes may be displayed on the ultrasound
image 1310 without a trunk line. The ultrasound diagnosis
apparatus 300 may obtain trunk lines based on an input from
a user and display the trunk lines. Since the user may deter-
mine a region to observe by selecting nodes on the ultrasound
image 1310, the ultrasound image 1 image generating umt

<Equation 1>
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310 may be a first ultrasound image. Furthermore, if the user
selects nodes on the ultrasound image 1310, the ultrasound
image 1310 may be magnified based on the selected nodes,
and the magnified ultrasound image 1310 may become a
second ultrasound image. Furthermore, the 3D ultrasound
image 1340 of the target object obtained by using a selected
node as a viewpoint may become a second ultrasound image.
Since the ultrasound image 1310 includes the clearest repre-
sentation of the branched structure of the target object, the
above description is given based on the ultrasound image
1310. However, the inventive concept is not limited thereto,
and a first ultrasound image and a second ultrasound image
may be displayed with respect to at least one of the ultrasound
image 1320, the ultrasound image 1330, and the ultrasound
image 1340.

[0201] The control unit 320 may obtain second information
indicating at least one of location and direction of a viewpoint
based on first information. Furthermore, the display unit 440
may display an image, in which at least one of the first
information and the second information is displayed on a first
ultrasound image. Here, a direction of a viewpoint refers to a
direction at a designated location for obtaining an ultrasound
image. For example, second information, that is, location of a
viewpoint and a line of sight 1311 may be displayed on the
ultrasound image 1310. The location of the viewpoint may
become a node 1312. Based on the location of the viewpoint
and the line of sight 1311, a 3D ultrasound image of the target
object may be displayed in the ultrasound image 1340. The
ultrasound diagnosis apparatus 300 may receive an input for
modifying a line of sight, and at least one of the ultrasound
images 1310 through 1340 may be modified based on the
modified line of sight.

[0202] A current viewpoint may be located at the node
1312. In the ultrasound image 1340, names may be allocated
to the respective nodes. For example, the node 1312, the node
1313, the node 1314, the node 1315, and the node 1316 may
be named as an Anode 1341, a Bnode 1342, a Cnode 1343, a
Dnode 1344, and an Enode 1345, respectively. Furthermore,
the ultrasound image 1340, in which nodes with allocated
names are displayed, may be displayed at the display unit 440.

[0203] Furthermore, in the ultrasound image 1340, icons
1346 and 1347 for moving a viewpoint may be displayed. The
ultrasound diagnosis apparatus 300 may select an icon based
on an input from a user and move a viewpoint. For example,
a user may select the icon 1347 by moving an indicator 1350
by using the input unit 430. The control unit 320 may move a
viewpoint from the Anode 1341 to the Cnode 1343 via a trunk
line 1349 based on the selection received from the user. Fur-
thermore, the user may select the icon 1346 by moving the
indicator 1350 by using the input unit 430. The control unit
320 may move a viewpoint from the Anode 1341 to the Bnode
1342 via a trunk line 1348 based on the selection received
from the user.

[0204] FIG.13Bisadiagram showing a node list according
to an embodiment.

[0205] According to an embodiment, a node list 1360 may
be displayed at a designated region of the display unit 440
together with the ultrasound image 1300. In the node list
1360, nodes 1361 through 1365 obtained by the control unit
320 may be displayed. Furthermore, a user may move a
viewpoint by selecting one of nodes by using the indicator
1350. For example, the user may select the Bnode 1362 by
moving the indicator 1350 by using the input unit 430. The

Jun. 16,2016

control unit 320 may move a viewpoint from the Anode 1341
to the Bnode 1342 based on the selection received from the
user.

[0206] Furthermore, in the node list 1360, a node at which
a second ultrasound image is obtained (that is, a node passed
by a viewpoint) may be displayed different from a node at
which no second ultrasound image is obtained (that is, a node
not passed by the viewpoint). In the node list 1360, nodes at
which second ultrasound images are obtained may be dis-
played in a different text format from nodes at which no
second ultrasound image is obtained. For example, the ultra-
sound diagnosis apparatus 300 may display texts correspond-
ing to nodes at which second ultrasound images are obtained
in bold or in a font different from nodes at which no second
ultrasound image is obtained. Furthermore, designated icons
may be displayed next to texts corresponding to nodes at
which second ultrasound images are obtained.

[0207] Although FIG. 13B only shows a node list, a trunk
line list regarding trunk lines may also be displayed. Further-
more, in a trunk line list, trunk lines at which second ultra-
sound images are obtained (that is, trunk lines passed by a
viewpoint) may be displayed differently from trunk lines at
which no second ultrasound image is obtained (that is, trunk
lines not passed by the viewpoint).

[0208] FIGS. 14 through 17 are diagrams showing move-
ment between nodes, according to an embodiment.

[0209] FIG. 14 is a diagram showing ultrasound images
according to an embodiment.

[0210] An ultrasound image 1410 may be a 2D plan view
image of a target object. An ultrasound image 1420 may be a
2D lateral view image of the target object. An ultrasound
image 1430 may be a front view image of the target object. An
ultrasound image 1440 may be a 2D image of the target object
based on ultrasound data. The ultrasound diagnosis apparatus
300 may obtain at least one of a plan view image, a lateral
view image, a front view image, and a 3D ultrasound image of
a target object.

[0211] Referring to FIG. 14, in the ultrasound image 1410,
nodes 1411, 1413, 1414, 1415, and 1416 may be displayed.
Furthermore, trunk line interconnecting a node and another
node may be displayed. Furthermore, in the 3D ultrasound
image 1440 corresponding to the ultrasound image 1410,
nodes 1441, 1442, 1443, 1444, and 1445 may be displayed. In
the ultrasound image 1410, a line of sight 1412 may be
displayed. Based on the line of sight 1412, the 2D lateral view
ultrasound image 1420, the 2D front view ultrasound image
1430, and the 3D image 1440 of the target object may be
displayed. The ultrasound diagnosis apparatus 300 may
receive an input for modifying a line of sight from a user, and
the ultrasound images 1410 through 1440 may be modified
based on the modified line of sight.

[0212] The user may move a viewpoint to a node in the
ultrasound image 1410 or the ultrasound image 1440 by
selecting the corresponding node by using an indicator 1450.
Furthermore, as described above with reference to FIG. 8, a
plurality of nodes to visit or a plurality of node to not to visit
may be selected. For example, the user may select the nodeC
1414 or the node 1443 by using the indicator 1450 via the
input unit 430. The control unit 320 may control the ultra-
sound diagnosis apparatus 300 to move a viewpoint from the
nodeA 1411 to the nodeC 1414 based on location of the
viewpoint and selection of the user and obtain second ultra-
sound images.



US 2016/0166238 A1l

[0213] FIGS. 15A and 15B are diagrams showing an ultra-
sound image according to an embodiment.

[0214] Referring to FIG. 15A, it is clear that a viewpoint is
moved to anodeC 1512 or 1541 as the user selected a node C
in FIG. 14. Ultrasound images 1510, 1520, 1530, and 1540
are ultrasound images in a case where a viewpoint is at the
nodeC. The ultrasound image 1510 may be a 2D plan view
image of a target object. The ultrasound image 1520 may be
a 2D lateral view image of the target object. The ultrasound
image 1530 may be a front view image of the target object.
The ultrasound image 1540 may be a 2D image of the target
object based on ultrasound data. The ultrasound image 1510
may be a magnified image of the ultrasound image 1410 of
FIG. 14. The ultrasound image 1520, the ultrasound image
1530, and the ultrasound image 1540 may be ultrasound
image obtained based on a line of sight 1511.

[0215] Referring to FIG. 15A, mini ultrasound images
1570 may be displayed at designated regions in ultrasound
images. For example, the mini ultrasound image 1570 may be
displayed at a designated region 1560 of the ultrasound image
1510. A mini ultrasound image may be a first ultrasound
image used by a user to determine a region to observe.
[0216] In the mini ultrasound image 1570, all of nodeA
through nodeE may be displayed, unlike in the ultrasound
image 1510. Nodes and trunk lines at which second ultra-
sound images are obtained by the ultrasound diagnosis appa-
ratus 300 may be displayed in the mini ultrasound image 1570
differently from nodes and trunk lines at which no second
ultrasound image is obtained. Therefore, a user may easily
recognize nodes and trunk lines at which second ultrasound
images are obtained. For example, since the nodeA 1571 and
the nodeC 1573 are nodes observed by a user, names of the
nodes (that is, A and C) may be displayed with rectangular
borders. Alternatively, A and C, which are names of nodes,
may be displayed in bold. Furthermore, since the trunk line
1571 is a trunk line that is already observed, the trunk line
1571 may be displayed as a dotted line, unlike the other trunk
lines. A user may move a viewpoint to a node by clicking the
corresponding node on the mini ultrasound image 1570. As
described above with reference to FIG. 8, a plurality of nodes
to visit or a plurality of node to not to visit may be selected.
[0217] Furthermore, the ultrasound image 1510 may
include nodes 1512, 1513, and 1514. Furthermore, there may
be trunk lines interconnecting nodes and nodes. In the ultra-
soundimage 1510, a line of sight icon 1511 may be displayed.
A user may modify the line of sight icon 1511 by using the
input unit 430. Furthermore, the 3D ultrasound image 1540
corresponding to the ultrasound image 1510 may include the
nodes 1541, 1542, and 1543. In the ultrasound image 1540, a
line of sight icon (not shown) may be displayed. A user may
modify a line of sight by modifying the line of sight icon by
using the input unit 430. Based on the modified line of sight,
the ultrasound images 1510 through 1540 may be modified.
[0218] A user may move a viewpoint to one of nodes in the
ultrasound image 1510 or the ultrasound image 1540 by
selecting the corresponding node by using an indicator 1550.
Furthermore, as described above with reference to FIG. 8, a
plurality of nodes to visit or a plurality of node to not to visit
may be selected. For example, a user may select the nodeD
1513 or 1542 by using the indicator 1550 via the input unit
430. The control unit 320 may control an ultrasound diagno-
sis apparatus to move a viewpoint from the nodeC 1512 to the
nodeD 1513 based on a selection of the user and obtain
ultrasound images.
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[0219] Furthermore, referring to FIG. 15B, the display unit
440 may display a 3D ultrasound image 1580 only. In the 3D
ultrasound image 1580, a nodeA 1581, a nodeC 1582, a
nodeD 1583, and a nodeE 1584 may be displayed. The dis-
play unit 440 may display the nodeC 1582 by using at least
one of a shape, a symbol, an image, and a text different from
the other nodes 1581, 1583, and 1584 to indicate a node at
which a current viewpoint is located. For example, the nodeC
1583 may be displayed with a circular border. Furthermore,
the nodeC 1582 may be displayed in bold text.

[0220] The ultrasound diagnosis apparatus 300 may
receive an input from a user by using the input unit 430.
Furthermore, the ultrasound diagnosis apparatus 300 may
receive an input selecting at least one of nodes 1581, 1583,
and 1584 from the user. The ultrasound diagnosis apparatus
300 may move a viewpoint based on the selection of the user
and obtain ultrasound images. For example, a user may move
the indicator 1550 by using a mouse. Furthermore, the user
may select the nodeD 1583 by moving the indicator 1550. The
ultrasound diagnosis apparatus 300 may obtain an ultrasound
image by moving a viewpoint from the nodeC\ 1582 to the
nodeD 1583. The obtained ultrasound image may be a 2D or
3D ultrasound image. The user may observe the 3D ultra-
sound image 1580 via a large-size display device and perform
an endoscopic diagnosis with respect to a target object. FIG.
16 is a diagram showing an ultrasound image according to an
embodiment, continued from FIG. 14.

[0221] Referring to FIG. 16, a viewpoint 1614 is located on
a trunk line between a nodeC 1611 and a nodeD 1615. An
ultrasound diagnosis apparatus may obtain ultrasound
images 1610, 1620, 1630, and 1640 not only on nodes, but
also on trunk lines. A line of sight 1613 on a trunk line may
face toward the nodeD 1615. However, the inventive concept
is not limited thereto. Nodes 1611, 1615, and 1616 may be
displayed in the ultrasound image 1610. In the 1610, the
viewpoint 1614 may be displayed. Furthermore, in the ultra-
sound image 1640, a viewpoint 1641 and a line of sight icon
(not shown) may be displayed. The viewpoint 1641 of the
ultrasound image 1640 may correspond to the viewpoint
1614 of the ultrasound image 1610. Furthermore, the nodeD
1643 may be displayed in the ultrasound image 1640. As
described above with reference to FIGS. 14 and 15, a user
may select a node on an ultrasound image by using the indi-
cator 1550 via the input unit 430, and the control unit 320 may
move a viewpoint to the corresponding node based on the
selection of the user.

[0222] Furthermore, mini ultrasound images 1660 may be
displayed at designated regions in ultrasound images. For
example, the mini ultrasound image 1660 may be displayed at
a designated region of the ultrasound image 1610. The mini
ultrasound image 1660 may be a first ultrasound image used
by a user to determine a region to observe.

[0223] The input unit 430 may receive an input related to a
speed of moving a viewpoint between a node and another
node from a user, and the control unit 320 may move a
viewpoint on a screen image based on the speed of movement
and obtain ultrasound images. Furthermore, the input related
to a speed of moving a viewpoint may include moving time
between nodes.

[0224] Inother words, a user may select a speed of moving
aviewpoint between nodes. For example, the control unit 320
may move a viewpoint from the nodeC 1611 to the nodeD
1615 based on a speed selected by the user. Therefore, the
user may easily observe ultrasound images 1610, 1620, 1630,
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and 1640 even between the nodeC 1611 and the nodeD 1615.
For example, the user may set a speed of moving a viewpoint
between nodes, thereby moving a viewpoint slowly at regions
to be observed in detail.

[0225] FIG. 17 is a diagram showing an ultrasound image
according to an embodiment.

[0226] An ultrasound image 1 first ultrasound image 710
includes a path for moving a viewpoint. As described above
with reference to FIGS. 14 through 16, a viewpoint passed a
nodeA 1711, a trunk line 1761, a nodeC 1713, a trunk line
1762, and a nodeD 1714 in the order stated. The control unit
320 may display nodes at which second ultrasound images
are obtained as passed by the viewpoint differently from
nodes at which no second ultrasound image is obtained. Fur-
thermore, the control unit 320 may display trunk lines at
which second ultrasound images are obtained as passed by
the viewpoint differently from trunk lines at which no second
ultrasound image is obtained. For example, the nodeA 1711,
the nodeC 1713, and the nodeD 1714 may be displayed
together with lines of sight 1717 and 1718. Furthermore, the
trunk line 1761 and the trunk line 1762 may be displayed as
dotted lines. Therefore, a user may easily recognize regions
that are already observed. In FI1G. 17, the ultrasound image
1710 may be always displayed at a designated region of a
display unit as a mini ultrasound image, and the user may
easily recognize regions that are already observed. Since
detailed descriptions of a mini ultrasound image is given
above with reference to FIG. 15A, detailed descriptions
thereof will be omitted.

[0227] Referring to an ultrasound image 1740, since the
nodeA 1741, the nodeC 1743, and the nodeD 1744 are regions
that are already observed, the nodeA 1741, the nodeC 1743,
and the nodeD 1744 may be displayed differently from other
nodes. For example, the nodeA 1741, thenodeC 1743, and the
nodeD 1744 may be displayed with bold texts. However, the
inventive concept is not limited thereto. A viewpoint arrived
at the nodeA 1741 again, and a user may easily recognize that
the nodeA 1741, the nodeC 1743, and the nodeD 1744 are
regions that are already observed.

[0228] The ultrasound diagnosis apparatus 300 according
to an embodiment may include an ultrasound data obtaining
unit, the input unit 430, and the control unit 320. The ultra-
sound data obtaining unit may obtain ultrasound data by
scanning a target object. Furthermore, the input unit 430 may
receive an input from a user. Furthermore, the control unit 320
may obtain first information including a plurality of nodes
based on ultrasound data, may move a viewpoint based on the
first information and the received input, and obtain ultrasound
images. For example, the user may select a node by using the
input unit 430 including a mouse or a keyboard. The control
unit 320 may obtain an ultrasound image, which is viewed
from the node selected by the user, based on the ultrasound
data.

[0229] The ultrasound diagnosis apparatus 300 according
to an embodiment may include an ultrasound data obtaining
unit, the input unit 430, and the control unit 320. The ultra-
sound data obtaining unit may obtain ultrasound data by
scanning a target object. Furthermore, the control unit 320
may obtain first information including at least one of a plu-
rality of nodes and a plurality of trunk lines. Furthermore, the
control unit 320 may move a viewpoint based on the first
information. Furthermore, the display unit 440 may display
first information passed by the viewpoint to be distinguish-
able from first information not passed by the viewpoint. For
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example, as described above, the control unit 320 may move
a viewpoint based on a selection of a user. The display unit
440 may display first information passed by the viewpoint to
be distinguishable from first information not passed by the
viewpoint. In other words, the first information passed by the
viewpoint may be displayed by using at least one of a trans-
parency, a color, and a shape different from the first informa-
tion not passed by the viewpoint.

[0230] The ultrasound diagnosis apparatus 300 according
to an embodiment may include the image generating unit 310,
the input unit 430, and the control unit 320. The image gen-
erating unit 310 may obtain a first ultrasound image by scan-
ning a target object. The input unit 430 may receive an input
from a user. Furthermore, the control unit 320 may obtain first
information including a plurality of nodes included in the first
ultrasound image based on the received input. Furthermore,
the control unit 320 may obtain a sequence of nodes based on
the received input. Furthermore, the control unit 320 may
move a viewpoint based on the sequence of nodes and the first
information and obtain second ultrasound images. For
example, the ultrasound diagnosis apparatus 300 may simul-
taneously obtain first information and a sequence of moving
a viewpoint based on a user input. Furthermore, based on the
sequence of moving a viewpoint, the ultrasound diagnosis
apparatus 300 may sequentially move the viewpoint and
obtain second ultrasound images.

[0231] An ultrasound diagnosis apparatus may provide a
user interface enabling a user to easily move a viewpoint.
[0232] Itshould be understood that the exemplary embodi-
ments described therein 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.

[0233] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the inventive concept as defined
by the following claims.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

an image generating unit, which obtains a first ultrasound

image based on ultrasound data obtained by scanning a
target object; and

a control unit, which obtains first information including a

plurality of nodes based on the ultrasound data, moves a
viewpoint based on the first information, and obtains
second ultrasound images.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the control unit obtains second information including at least
one of location and direction of the viewpoint based on the
first information,

further comprising a display unit, which displays an image

in which at least one of the first information and the
second information is displayed on the first ultrasound
image.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the control unit obtains trunk lines interconnecting the nodes
and the other nodes,

based on the plurality of nodes and trunk lines, the control

unit obtains a structure included in the first ultrasound
image, and
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the first information comprises at least one of the trunk

lines and the structure.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the control unit automatically obtains a sequence of nodes
regarding at least two of the nodes, controls the image gen-
erating unit to move a viewpoint according to the obtained
sequence of nodes, and to obtain the second ultrasound
images.

5. The ultrasound diagnosis apparatus of ¢laim 1, further
comprising an input unit, which receives an input related to
first information from a user via a particular location of the
first ultrasound image.

6. The ultrasound diagnosis apparatus of claim 5, wherein
the control unit performs at least one of operations for adding,
moving, and deleting at least one of the nodes and the trunk
lines based on the received input.

7. The ultrasound diagnosis apparatus of claim 5, wherein
the input unit receives an input for selecting at least one node
from among the nodes from a user, and

the control unit automatically obtains second ultrasound

images based on the selected node(s).

8. The ultrasound diagnosis apparatus of claim 5, wherein
the input unit receives an input for selecting at least one node
from among the nodes from a user, and

the control unit controls to automatically obtain second

ultrasound images based on nodes other than the
selected node(s).

9. The ultrasound diagnosis apparatus of claim 5, wherein
the input unit receives an input related to a sequence of nodes
regarding at least two from among the nodes from a user, and

the control unit controls to move a viewpoint based on the

received input related to the sequence of nodes and
obtains second ultrasound images.

10. The ultrasound diagnosis apparatus of claim 5, wherein
the input unit receives an input related to a speed of moving a
viewpoint between nodes from a user, and

the control unit controls to move the viewpoint based on the

speed of moving a viewpoint and obtains the second
ultrasound images.

11. The ultrasound diagnosis apparatus of claim 10,
wherein the input related to a speed of moving a viewpoint
comprises moving time between nodes.

12. The ultrasound diagnosis apparatus of claim 1, wherein
the control unit extracts first information comprising the
nodes and the trunk lines from the ultrasound image by per-
forming an image processing including a centerline extract-
ing algorithm.

13. The ultrasound diagnosis apparatus of claim 12,
wherein the control unit moves a viewpoint based on the first
information and automatically obtains the second ultrasound
images.

14. The ultrasound diagnosis apparatus of claim 1, wherein
the control unit controls to move a viewpoint along trunk lines
between the nodes and obtains second ultrasound images.

15. The ultrasound diagnosis apparatus of claim 1, wherein
the control unit controls to display at least one of the nodes
and the trunk lines passed by a viewpoint.

16. The ultrasound diagnosis apparatus of claim 15,
wherein the control unit controls to display at least one from
among the nodes and the trunk lines passed by a viewpoint in
atransparency, a color, or a shape different from the nodes and
the trunk lines not passed by the viewpoint.
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17. The ultrasound diagnosis apparatus of claim 1, wherein
the second ultrasound image comprise a virtual endoscopic
image based on ultrasound data.

18. The ultrasound diagnosis apparatus of claim 1, wherein
the second ultrasound images comprise at least one of 2D
images and 3D images.

19. The ultrasound diagnosis apparatus of claim 3, wherein
the structure is a graph having a tree structure.

20. An ultrasound diagnosis apparatus comprising:

an ultrasound data obtaining unit, which obtains ultra-
sound data obtained by scanning a target object;

an input unit, which receives an input from a user; and

a control unit, which obtains first information including a
plurality of nodes based on the ultrasound data, and
controls to obtain ultrasound images by moving a view-
point based on the first information and the received
input.

21. An ultrasound diagnosis apparatus comprising:

an ultrasound data obtaining unit, which obtains ultra-
sound data obtained by scanning a target object;

a control unit, which obtains first information including at
least one selected from a plurality of nodes and a plural-
ity of trunk lines based on the ultrasound data, and
controls to move a viewpoint based on the first informa-
tion; and

a display unit, which displays first information passed by
the viewpoint to be distinguishable from first informa-
tion not passed by the viewpoint.

22. An ultrasound diagnosis apparatus comprising:

an image generating unit, which obtains a first ultrasound
image by scanning a target object;

an input unit, which receives an input from a user; and

a control unit, which obtains first information including a
plurality of nodes included in the first ultrasound image
based on the received input, obtains a sequence of nodes
based on the received input, and controls to move a
viewpoint based on the sequence of nodes and the first
information, and obtain second ultrasound images.

23. An ultrasound diagnosis method comprising:

obtaining a first ultrasound image based on ultrasound data
obtained by scanning a target object;

obtaining first information including a plurality of nodes
based on the ultrasound data; and

moving a viewpoint based on the first information and
obtaining second ultrasound images.

24. The ultrasound diagnosis method of claim 23, further

comprising:

obtaining second information including at least one of
location and direction of the viewpoint based on the first
information; and

displaying an image in which at least one of the first infor-
mation and the second information is displayed on the
first ultrasound image.

25. The ultrasound diagnosis method of claim 23, further
comprising obtaining trunk lines interconnecting the nodes
and the other nodes; and,

based on the plurality of nodes and trunk lines, obtaining a
structure included in the first ultrasound image,

wherein the first information comprises at least one of the
trunk lines and the structure.

26. The ultrasound diagnosis method of claim 23, wherein

the obtaining of the second ultrasound images comprises:
automatically obtaining a sequence of nodes regarding at
least two of the nodes; and
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moving a viewpoint according to the obtained sequence of

nodes, and to obtain the second ultrasound images.

27. The ultrasound diagnosis method of claim 23, further
comprising receiving an input related to first information
from a user via a particular location of the first ultrasound
image.

28. The ultrasound diagnosis method of claim 27, further
comprising performing at least one of operations for adding,
moving, and deleting at least one of the nodes and the trunk
lines based on the received input.

29. The ultrasound diagnosis method of claim 27, wherein
the obtaining of the second ultrasound images comprises:

receiving an input for selecting at least one node from

among the nodes from a user; and

automatically obtaining second ultrasound images based

on the selected node(s).

30. The ultrasound diagnosis method of claim 27, wherein
the obtaining of the second ultrasound images comprises
receiving an input for selecting at least one node from among
the nodes from a user; and

automatically obtaining second ultrasound images based

on nodes other than the selected node(s).
31. The ultrasound diagnosis method of claim 27, further
comptrising:
receiving an input related to a sequence of nodes regarding
at least two from among the nodes from a user, and

moving a viewpoint based on the received input related to
the sequence of nodes and obtaining second ultrasound
images.

32. The ultrasound diagnosis method of claim 27, further
comprising:

receiving an input related to a speed of moving a viewpoint

between nodes from a user, and

moving the viewpoint based on the speed of moving a

viewpoint and obtaining the second ultrasound images.

33. The ultrasound diagnosis method of claim 32, wherein
the input related to a speed of moving a viewpoint comprises
moving time between nodes.

34. The ultrasound diagnosis method of claim 23, wherein
the obtaining of the first ultrasound image comprises extract-
ing first information comprising the nodes and the trunk lines
from the ultrasound image by performing an image process-
ing including a centerline extracting algorithm.

35. The ultrasound diagnosis method of claim 34, wherein
the obtaining of the second ultrasound images comprises
moving a viewpoint based on the first information and auto-
matically obtaining the second ultrasound images.
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36. The ultrasound diagnosis method of claim 23, wherein
the obtaining of the second ultrasound images comprises
moving a viewpoint along trunk lines between the nodes and
obtaining second ultrasound images.

37. The ultrasound diagnosis method of claim 23, further
comprising displaying at least one of the nodes and the trunk
lines passed by a viewpoint.

38. The ultrasound diagnosis method of claim 37, wherein
the displaying of at least one of the nodes and the trunk lines
passed by the viewpoint comprises displaying at least one
from among the nodes and the trunk lines passed by a view-
point in a transparency, a color, or a shape different from the
nodes and the trunk lines not passed by the viewpoint.

39. An ultrasound diagnosis method comprising:

obtaining ultrasound data by scanning a target object;

receiving an input from a user;

obtaining first information including a plurality of nodes

based on the ultrasound data; and

moving a viewpoint based on the first information and the

received input and obtaining ultrasound images.

40. An ultrasound diagnosis method comprising:

obtaining ultrasound data by scanning a target object;

obtaining first information including at least one of a plu-
rality ofnodes and a plurality of trunk lines based on the
ultrasound data;

moving a viewpoint based on the first information; and

displaying first information passed by the viewpoint to be

distinguishable from first information not passed by the
viewpoint.

41. An ultrasound diagnosis method comprising:

obtaining a first ultrasound image by scanning a target

object;

receiving an input from a user;

obtaining first information including a plurality of nodes

included in the first ultrasound image based on the
received input;

obtaining a sequence of the nodes based on the received

input; and

moving a viewpoint based on the sequence of nodes and the

first information and obtaining second ultrasound
images.

42. A computer readable recording medium having
recorded thereon a computer program for implementing the
method of claim 23.
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