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ULTRASOUND DIAGNOSIS APPARATUS AND
ULTRASOUND DIAGNOSIS METHOD

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0107761, filed on Aug. 19,2014, 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
ultrasound diagnosis apparatuses and ultrasound diagnosis
methods.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an object
and receive echo signals reflected from the object, thereby
obtaining at least one image of an internal part of the object.
In particular, ultrasound diagnosis apparatuses are used for
medical purposes including observation of the interior of an
object, detection of foreign substances, and diagnosis of dam-
ages to the object. Such ultrasound diagnosis apparatuses
have high stability, display images in real time, and are safe
due to the lack of radioactive exposure, compared to X-ray
apparatuses. Therefore, ultrasound imaging apparatuses are
widely used together with other image diagnosis apparatuses.

SUMMARY

[0006] One or more exemplary embodiments include ultra-
sound diagnosis apparatuses and ultrasound diagnosis meth-
ods.

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

[0008] According to one or more exemplary embodiments,
an ultrasound diagnosis apparatus includes: an image acquit-
ing unit configured to acquire a three-dimensional (3D) ultra-
sound image of a partial region of an object; a region deter-
mining unit configured to determine a bile duct region and a
tumor candidate region in the 3D ultrasound image; a resec-
tion pattern acquiring unit configured to acquire a resection
pattern of the bile duct region by comparing a shape of the
tumor candidate region and the bile duct region with a prede-
termined pattern; and a display unit configured to display on
a screen a resection pattern image including the resection
pattern of the bile duct region.

[0009] The region determining unit may determine gall-
bladder candidate regions by comparing regions in the 3D
ultrasound image which have a pixel brightness value less
than or equal to a threshold value with a predetermined shape,
and determine the largest of the gallbladder candidate regions
as a gallbladder region by comparing sizes of the gallbladder
candidate regions.

[0010] The region determining unit may determine bile
duct candidate regions by comparing regions which are adja-
cent to the gallbladder region and have a pixel brightness
value less than or equal to a threshold value with a predeter-
mined shape, and determine the largest of the bile duct can-
didate regions as the bile duct region by comparing sizes of
the bile duct candidate regions.
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[0011] The region determining unit may determine the
tumor candidate region on the basis of at least one of a
Doppler signal of the bile duct region and a shape of the bile
duct region.

[0012] When the tumor candidate region displayed on the
screen is modified by an external input, the resection pattern
acquiring unit may modify the resection pattern on the basis
of the modified tumor candidate region and the display umt
may display the modified resection pattern on the screen.
[0013] The display unit may display on the screen an ultra-
sound image including at least one of the gallbladder region,
the bile duct region, and the tumor candidate region.

[0014] The display unit may display an auxiliary image on
the screen, wherein the auxiliary image is a 3D-rendered
image of the ultrasound image.

[0015] The display unit may display at least one of the
resection pattern image, the ultrasound image, and the auxil-
iary image on the screen.

[0016] Thedisplay unit may display a blood vessel, the bile
duct region, and the gallbladder region of the auxiliary image
in different colors.

[0017] The display unit may display the tumor candidate
region of the auxiliary image in a different color in the bile
duct region.

[0018] The display unit may display the tumor candidate
region according to at least one type of indicator.

[0019] According to one or more exemplary embodiments,
an ultrasound diagnosis method includes: acquiring a 3D
ultrasound image of a partial region of an object; determining
a bile duct region and a tumor candidate region in the 3D
ultrasound image; acquiring a resection pattern of the bile
duct region by comparing a shape of the tumor candidate
region and the bile duct region with a predetermined pattern;
and displaying on a screen a resection pattern image includ-
ing the resection pattern of the bile duct region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and/or other aspects will become apparent
and more readily appreciated from the following description
of exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0021] FIG. 1isablock diagram of an ultrasound diagnosis
apparatus according to an exemplary embodiment;

[0022] FIG. 2 illustrates types of bile duct tumors;

[0023] FIG. 3 illustrates computerized tomography (CT)
images, rendered images, and resection pattern images of a
bile duct and a gallbladder;

[0024] FIG. 4isablock diagram of an ultrasound diagnosis
apparatus according to some exemplary embodiments;
[0025] FIG. 5 is a flow diagram of an ultrasound diagnosis
method according to some exemplary embodiments;

[0026] FIG. 6illustrates a tumor display screen of an ultra-
sound diagnosis apparatus according to some exemplary
embodiments;

[0027] FIG. 7 illustrates a screen displaying a resection
pattern image based on a determined tumor candidate region
according to some exemplary embodiments; and

[0028] FIG. 8 is a diagram illustrating an example of dis-
playing an ultrasound image, an auxiliary image, and a resec-
tion pattern image on one screen according to some exem-
plary embodiments.



US 2016/0051220 Al

DETAILED DESCRIPTION

[0029] 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.

[0030] The terms used in the present specification are gen-
eral terms currently widely used in the art in consideration of
functions regarding the inventive concept, but the terms may
vary according to the intention of those of ordinary skill in the
art, precedents, or new technology in the art. Also, some terms
may be arbitrarily selected by the applicant, and in this case,
the meaning of the selected terms will be described indetail in
the detailed description of the present specification. Thus, the
terms used herein have to be defined based on the meaning of
the terms together with the description throughout the present
specification.

[0031] Throughout the specification, it will also be under-
stood that when a component “includes” an element, unless
there is another opposite description thereto, it should be
understood that the component does not exclude another ele-
ment and may further include another element. In addition,
terms such as ““. . . unit”, “. . . module”, or the like refer to
units that perform at least one function or operation, and the
units may be implemented as hardware or software or as a
combination of hardware and software.

[0032] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is acquired by
using ultrasound waves. Furthermore, an “object” may be a
human, an animal, or a part of a human or animal. For
example, the object may be an organ (e.g., a liver, a heart, a
womb, a brain, a breast, or an abdomen), a blood vessel, or a
combination thereof. Also, the object may be a phantom. The
phantom may mean a material having a density, an effective
atomic number, and a volume that are approximately the same
as those of an organism.

[0033] Throughout the specification, a “user” may be, but is
not limited to, a medical expert, for example, a medical doc-
tor, a nurse, a medical laboratory technologist, or a medical
imaging expert, or a technician who repairs medical appara-
tuses.

[0034] Hereinafter, exemplary embodiments will be
described in detail with reference to the drawings.

[0035] FIG.1isablockdiagram illustrating a configuration
of an ultrasound diagnosis apparatus 1000 according to an
exemplary embodiment. Referring to FIG. 1, the ultrasound
diagnosis apparatus 1000 may include a probe 20, an ultra-
sound transmission/reception unit 100, an image processing
unit 200, a communication unit 300, a memory 401, an input
device 500, and a control unit 600, which may be connected
to one another via buses 700,

[0036] The ultrasound diagnosis apparatus 1000 may be a
cart type apparatus or a portable type apparatus. Examples of
portable ultrasound diagnosis apparatuses may include, but
are not limited to, a picture archiving and communication
system (PACS) viewer, a smartphone, a laptop computer, a
personal digital assistant (PDA), and a tablet PC.
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[0037] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the ultra-
sound transmission/reception unit 100 and receives echo sig-
nals reflected by the object 10. The probe 20 includes a
plurality of transducers, and the plurality of transducers oscil-
late in response to electric signals and generate acoustic
energy, that is, ultrasound waves. Furthermore, the probe 20
may be connected to the main body of the ultrasound diag-
nosis apparatus 1000 by wire or wirelessly, and according to
some embodiments, the ultrasound diagnosis apparatus 1000
may include a plurality of probes 20.

[0038] A transmission unit 110 supplies a driving signal to
the probe 20. The transmission unit 110 includes a pulse
generating unit 112, a transmission delaying unit 114, and a
pulser 116. The pulse generating unit 112 generates pulses for
forming transmission ultrasound waves based on a predeter-
mined pulse repetition frequency (PRF), and the transmission
delaying unit 114 delays the pulses by delay times necessary
for determining transmission directionality. The pulses which
have been delayed correspond to a plurality of piezoelectric
vibrators included in the probe 20, respectively. The pulser
116 applies a driving signal (or a driving pulse) to the probe
20 based on timing corresponding to each of the pulses which
have been delayed.

[0039] A reception unit 120 generates ultrasound data by
processing echo signals received from the probe 20. The
reception unit 120 may include an amplifier 122, an analog-
to-digital converter (ADC) 124, a reception delaying unit
126, and a summing unit 128. The amplifier 122 amplifies
echo signals in each channel, and the ADC 124 performs
analog-to-digital conversion with respect to the amplified
echo signals. The reception delaying unit 126 delays digital
echo signals output by the ADC 124 by delay times necessary
for determining reception directionality, and the summing
unit 128 generates ultrasound data by summing the echo
signals processed by the reception delaying unit 166. In some
embodiments, the reception unit 120 may not include the
amplifier 122. In other words, if the sensitivity of the probe 20
or the capability of the ADC 124 to process bits is enhanced,
the amplifier 122 may be omitted.

[0040] The image processing unit 200 generates an ultra-
sound image by scan-converting ultrasound data generated by
the ultrasound transmission/reception unit 100 and displays
the ultrasound image. The ultrasound image may be not only
a grayscale ultrasound image acquired by scanning an object
in an amplitude (A) mode, a brightness (B) mode, and a
motion (M) mode, but also a Doppler image showing a move-
ment of an object via a Doppler effect. The Doppler image
may be a blood flow Doppler image showing flow of blood
(also referred to as a color Doppler image), a tissue Doppler
image showing a movement of tissue, or a spectral Doppler
image showing a moving speed of an object as a waveform.
[0041] A B mode processing unit 202 extracts B mode
components from ultrasound data and processes the B mode
components. An image generating unit 220 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components.

[0042] Similarly, a Doppler processing unit 214 may
extract Doppler components from ultrasound data, and the
image generating unit 220 may generate a Doppler image
indicating a movement of an object as colors or waveforms
based on the extracted Doppler components.

[0043] According to an exemplary embodiment, the image
generating unit 220 may generate a three-dimensional (3D)
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ultrasound image via volume-rendering with respect to vol-
ume data and may also generate an elasticity image by imag-
ing deformation of the object 10 due to pressure. Further-
more, the image generating unit 220 may display various
pieces of additional information in an ultrasound image by
using text and graphics. In addition, the generated ultrasound
image may be stored in the memory 401.

[0044] A display unit 230 displays the generated ultrasound
image. The display unit 230 may display not only an ultra-
sound image, but also various pieces of information pro-
cessed by the ultrasound diagnosis apparatus 1000 on a
screen image via a graphical user interface (GUI). In addition,
the ultrasound diagnosis apparatus 1000 may include two or
more displays 230 according to some embodiments.

[0045] The communication unit 300 is connected to a net-
work 30 by wire or wirelessly to communicate with an exter-
nal device or a server. The communication unit 300 may
exchange data with ahospital server or another medical appa-
ratus in a hospital, which is connected thereto via a PACS.
Furthermore, the communication unit 300 may perform data
communication according to the digital imaging and commu-
nications in medicine (DICOM) standard.

[0046] The communication unit 300 may transmit or
receive data related to diagnosis of an object, e.g., an ultra-
sound image, ultrasound data, and Doppler data of the object,
via the network 30 and may also transmit or receive medical
images captured by another medical apparatus, e.g., a com-
puted tomography (CT) apparatus, a magnetic resonance
imaging (MRI) apparatus, or an X-ray apparatus. Further-
more, the communication unit 300 may receive information
about a diagnosis history or medical treatment schedule of a
patient from a server and utilizes the received information to
diagnose the patient. Furthermore, the communication unit
300 may perform data communication not only with a server
or a medical apparatus in a hospital, but also with a portable
terminal of a medical doctor or patient.

[0047] The communication unit 300 is connected to the
network 30 by wire or wirelessly to exchange data with a
server 32, a medical apparatus 34, or a portable terminal 36.
The communication unit 300 may include one or more com-
ponents for communication with external devices. For
example, the communication unit 300 may include a local
area communication module 301, a wired communication
module 302, and a mobile communication module 303.
[0048] The local area communication module 301 refers to
a module for local area communication within a predeter-
mined distance. Examples of local area communication tech-
niques according to an exemplary embodiment may include,
but are not limited to, wireless LAN, Wi-Fi, Bluetooth, Zig-
Bee, Wi-Fi Direct (WFD), ultra wideband (UWB), infrared
data association (IrDA), Bluetooth low energy (BLE), and
near field communication (NFC).

[0049] The wired communication module 302 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an exemplary embodiment may include commu-
nication via a twisted pair cable, a coaxial cable, an optical
fiber cable, and an Ethernet cable.

[0050] The mobile communication module 303 transmits
or receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
mobile communication network. The wireless signals may be
voice call signals, video call signals, or various types of data
for transmission and reception of text/multimedia messages.
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[0051] The memory 401 stores various data processed by
the ultrasound diagnosis apparatus 1000. For example, the
memory 401 may store medical data related to diagnosis of an
object, such as ultrasound data and an ultrasound image that
are input or output, and may also store algorithms or pro-
grams which are to be executed in the ultrasound diagnosis
apparatus 1000.

[0052] The memory 401 may be any of various storage
media, e.g., aflash memory, a hard disk drive, EEPROM, etc.
Furthermore, the ultrasound diagnosis apparatus 1000 may
utilize web storage or a cloud server that performs the storage
function of the memory 401 online.

[0053] The input device 500 refers to a means via which a
user inputs data for controlling the ultrasound diagnosis appa-
ratus 1000. The input device 500 may include hardware com-
ponents, such as a keypad, a mouse, a touch panel, a touch
screen, and a jog switch. However, exemplary embodiments
are not limited thereto, and the input device 500 may further
include any of various other input units including an electro-
cardiogram (ECG) measuring module, a respiration measut-
ing module, a voice recognition sensor, a gesture recognition
sensor, a fingerprint recognition sensor, an iris recognition
sensor, a depth sensor, a distance sensot, etc.

[0054] The control unit 600 may control all operations of
the ultrasound diagnosis apparatus 1000. In other words, the
control unit 600 may control operations among the probe 20,
the ultrasound transmission/reception unit 100, the image
processing unit 200, the communication unit 300, the
memory 401, and the input device 500 illustrated in FIG. 1.
[0055] All or some of the probe 20, the ultrasound trans-
mission/reception unit 100, the image processing unit 200,
the communication unit 300, the memory 401, the input
device 500, and the control unit 600 may be implemented as
software modules. However, exemplary embodiments are not
limited thereto, and some of the components stated above
may be implemented as hardware modules. Furthermore, at
least one selected from the ultrasound transmission/reception
unit 100, the image processing unit 200, and the communi-
cation unit 300 may be included in the control unit 600.
However, exemplary embodiments are not limited thereto.
[0056] FIG. 2 illustrates types of bile duct tumors. A gall-
bladder 211 is a branch-shaped pouch that concentrates and
stores bile produced in a liver 210. The gallbladder 211 helps
fat digestion by secreting the bile into the duodenum through
abile duct 212. If a tumor occurs in the bile duct 212, since the
bile duct 212 may be blocked by the tumor, a resection opera-
tion may be performed to remove the tumor. In order to
perform the resection operation, it is important to detect a
tumor shape. In general, the tumor shape may be classified
into five types. For example, the tumor shape may be classi-
fied into a tumor type 1221, a tumor type 11222, a tumor type
1IIA 223, a tumor type I11B 224, and a tumor type IV 225. 1t
is important to detect the tumor shape in order to determine a
resection pattern of the bile duct 212.

[0057] Referring to FIG. 2, if the tumor is of the tumor type
1221, the tumor is restricted within a common hepatic duct
under a convergence point of a right hepatic duct and a left
hepatic duct. Ifthe tumor is of the tumor type 11222, the tumor
includes the convergence point of the right hepatic duct and
the left hepatic duct. If the tumor is of the tumor type IT1A 223,
the tumor extends to a divergence point of the right hepatic
duct in addition to the tumor type 11222. Ifthe tumor is of the
tumor type I1IB 224, the tumor extends to a divergence point
of the left hepatic duct in addition to the tumor type 11 222. If
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the tumor is of the tumor type TV 225, the tumor extends to
both the divergence point of the right hepatic duct and the
divergence point of the left hepatic duct.

[0058] FIG. 3 illustrates computerized tomography (CT)
images 310, rendered images 320, and resection pattern
images 330 of a bile duct and a gallbladder.

[0059] In the related art, images like the CT images 310 of
the bile duct are captured in order to detect a tumor distribu-
tion, and a medical doctor determines a tumor type on the
basis of the captured CT images 310 and a resection pattern
for removing the tumor on the basis of the determined tumor
type.

[0060] For example, the CT images 310 are an array of
captured CT images of the bile duct. A user has to determine
a tumor position from the CT images 310. However, captut-
ing CT images is time-consuming and determining the tumor
position may vary with the user.

[0061] In order to prevent such problems, in some exem-
plary embodiments, ultrasound images of an object may be
captured and then converted into 3D-rendered images 321 to
325 in real time, and resection patterns 331 to 335 for tumor
removal may be automatically determined by an ultrasound
diagnosis apparatus on the basis of the 3D-rendered images
32110 325.

[0062] The 3D-rendered images 321 to 325 illustrated in
FIG. 3 are examples of 3D-rendered images of the CT images
310. The tumor position may be clearly detected from the
3D-rendered images 321 to 325.

[0063] Although the ultrasound diagnosis apparatus
according to an exemplary embodiment generates the
3D-rendered images from the ultrasound images, the CT
images 310 are illustrated for reference.

[0064] The resection pattern images 330 represent the
resection patterns 331 to 335 desirable according to the cur-
rent statuses of the tumor. For example, when the tumor
corresponds to a tumor type I, the resection pattern 331 may
be selected for removal of the current tumor. Likewise, when
the tumor corresponds to a tumor type [I/IIIa/IIIb/IV, the
resection pattern 332/333/334/335 may be selected for
removal of the current tumor.

[0065] A method of determining the resection pattern will
be described in detail with reference to FIGS. 4 and 5.
[0066] FIG.4isa block diagram of an ultrasound diagnosis
apparatus according to some exemplary embodiments.
[0067] Referring to FIG. 4, an ultrasound diagnosis appa-
ratus 400 according to some exemplary embodiments may
include an image acquiring unit 410, a region determining
unit 420, a resection pattern acquiring unit 430, and a display
unit 440. Although the image acquiring unit 410, the region
determining unit 420, and the resection pattern acquiring unit
430 are illustrated separately in FIG. 4, exemplary embodi-
ments are not limited thereto and they may be implemented
by one processor.

[0068] The ultrasound diagnosis apparatus 400 may per-
form some or all of the functions performed by the ultrasound
diagnosis apparatus 1000.

[0069] The image acquiring unit 410 acquires a 3D ultra-
sound image of a partial region of an object. The region
determining unit 420 determines a bile duct region and a
tumor candidate region in the 3D ultrasound image. The
resection pattern acquiring unit 430 acquires a resection pat-
tern of the bile duct region by comparing a shape of the tumor
candidate region and the bile duct region with a predeter-
mined pattern. The display unit 440 displays on a screen the
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resection pattern of the bile duct region, which is acquired by
the resection pattern acquiring unit 430.

[0070] The object may be a human or an animal, and the
partial region of the object may be an anatomic part (e.g., a
gallbladder, a bile duck, or the like) of the human or the
animal. Also, the object may be a region including a gallblad-
der and a bile duct. In the present specification, the gallblad-
der region may be a region that is determined or labeled as a
gallbladder in the 3D ultrasound image acquired by the appa-
ratus. Also, the bile duct region may be a region that is
determined or labeled as a bile duct in the 3D ultrasound
image. The tumor candidate region may be a region that is
determined or labeled as a tumor in the 3D ultrasound image
by the ultrasound diagnosis apparatus. In the present specifi-
cation, labeling may mean that the same label is attached to
adjacent pixels included in the same region and different
labels are attached to adjacent pixels included in different
regions. Also, when a region (i.e., an image pixel set) is
labeled, it may mean that the region is designated as an
anatomic part by the ultrasound diagnosis apparatus.

[0071] FIG. 5 is a flow diagram illustrating an ultrasound
diagnosis method according to some exemplary embodi-
ments. In operation S510, the ultrasound diagnosis apparatus
400 acquires a 3D ultrasound image of an object.

[0072] Inoperation S520, the ultrasound diagnosis appara-
tus 400 determines a bile duct region.

[0073] 1Inorder to determine the bile duct region, the ultra-
sound diagnosis apparatus 400 may first determine a gallblad-
der region in the acquired 3D ultrasound image. In order to
determine the gallbladder region, the ultrasound diagnosis
apparatus 400 may detect a plurality of dark regions in the 3D
ultrasound image. For example, the ultrasound diagnosis
apparatus 400 may detect a set of pixels having a pixel bright-
ness value less than or equal to a threshold value and deter-
mine the largest circular region in the detected pixel set as the
gallbladder region. In detail, the ultrasound diagnosis appa-
ratus 400 may acquire gallbladder candidate regions by com-
paring the detected pixel set with a predetermined pattern, for
example, a predetermined pattern similar to a circular shape.
Thereafter, the ultrasound diagnosis apparatus 400 may
determine the largest of the gallbladder candidate regions as
the gallbladder region. The above determination method is
merely exemplary, and exemplary embodiments are not lim-
ited thereto. The ultrasound diagnosis apparatus 400 accord-
ing to some exemplary embodiments may determine a region
having a similar shape to a gallbladder as the gallbladder
region in various ways. For example, the ultrasound diagnosis
apparatus 400 may determine the gallbladder region via a
machine learning-based algorithm. The determined gallblad-
der region may be labeled as the gallbladder region in the 3D
ultrasound image.

[0074] After determining the gallbladder region, the ultra-
sound diagnosis apparatus 400 may detect a set of pixels that
are adjacent to the gallbladder region and have a pixel bright-
ness value less than or equal to a threshold value and also
determine the largest duct-shaped region in the detected pixel
set as the bile duct region. The largest duct-shaped region may
be detected by selecting duct-shaped regions and comparing
them with a predetermined pattern, and the region having the
most similar shape to the bile duct region may be detected and
determined as the bile duct region by the machine learning
algorithm. Also, the determined bile duct region may be
labeled as the bile duct region in the 3D ultrasound image.
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[0075] 1Inoperation S530, the ultrasound diagnosis appara-
tus 400 determines a tumor candidate region. The tumor
candidate region may be determined on the basis of the bile
duct region. For example, the tumor candidate region may be
determined on the basis of at least one of a Doppler signal of
the bile duct region and a shape of the bile duct region.
[0076] Ifno tumor exists in the bile duct region, no Doppler
signal is generated. If a tumor exists in the bile duct region, a
Doppler signal is detected in the bile duct region. Depending
on the tumor shape, a Doppler signal may appear as a strong
line, or a plurality of Doppler signals may appear as weak
lines. The tumor candidate region may be determined on the
basis of the Doppler signal.

[0077] Also, the bile duct shape may vary according to the
tumor shape. For example, when the cross-sectional shape of
the bile duct is distorted, it may be estimated that a tumor
exists therein.

[0078] Thus, the ultrasound diagnosis apparatus 400 may
determine the tumor candidate region by comparison with a
predetermined pattern in consideration of the Doppler signal
of the bile duct region or the cross-sectional shape of the bile
duct. Also, the tumor candidate region may be determined by
additionally comparing a tumor possibility score based on the
cross-sectional shape thereof, the existence/nonexistence
thereof, and the strength of the Doppler signal.

[0079] Inoperation S540, the ultrasound diagnosis appara-
tus 400 may acquire a resection pattern of the bile duct region
by comparing a shape of the determined tumor candidate
region and the determined bile duct region with a predeter-
mined pattern. The resection pattern of the bile duct region
may correspond to any one of the resection patterns 331 to
335 illustrated in FIG. 3.

[0080] In detail, the ultrasound diagnosis apparatus 400
detects the most similar pattern by comparing the shape of the
determined tumor candidate region and the determined bile
duct region with the tumor types I, II, IIla, IIIb, and IV
illustrated in FIG. 3. For example, when it is determined that
the most similar pattern corresponds to the tumor type I, the
resection pattern of the bile duct may be determined as the
resection pattern 331.

[0081] Inoperation S550, the ultrasound diagnosis appara-
tus 400 displays on the screen a resection pattern image
including the determined resection pattern. The resection pat-
tern image may correspond to one of the resection patterns
331 to 335 illustrated in FIG. 3.

[0082] FIG. 6illustrates a tumor display screen of the ultra-
sound diagnosis apparatus 400 according to some exemplary
embodiments.

[0083] FIG. 6illustrates an ultrasound image 620 of the bile
duct region and a 3D-rendered image 610 of the bile duct
region. The ultrasound diagnosis apparatus 400 may acquire
the 3D-rendered image 610 of the bile duct region from the
ultrasound image 620 of the bile duct region. A tumor candi-
date region 621 of the ultrasound image 620 may correspond
to a tumor candidate region 611 of the 3D-rendered image
610 of the bile duct region.

[0084] FIG. 7 illustrates a screen displaying a resection
pattern image 720 based on a determined tumor candidate
region 711 according to some exemplary embodiments.
[0085] A 3D ultrasound image 710 of the bile duct region
may include the tumor candidate region 711. A resection
pattern may be determined according to the shape of the
tumor candidate region 711, and the determined resection
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pattern may appear as a determined resection pattern 1721 or
a determined resection pattern 11 722 on the screen.

[0086] Although only two determined resection patterns
are illustrated in the resection pattern image 720, only one
resection pattern may be determined and illustrated therein
according to the tumor shape. According to other exemplary
embodiments, three or four resection patterns may be deter-
mined and illustrated therein. When a plurality of resection
patterns are determined, the desirable order of the resection
patterns may be displayed (not illustrated). For example, the
most desirable resection pattern may be illustrated as “first-
priority resection pattern”, and the second most desirable
resection pattern may be illustrated as “second-priority resec-
tion pattern”, thus allowing the user to conveniently identify
the most desirable resection pattern.

[0087] FIG. 8 is a diagram illustrating an example of dis-
playing an ultrasound image 810, an auxiliary image 820, and
a resection pattern image 830 on a screen 800 according to
some exemplary embodiments.

[0088] The auxiliary image 820 may be a 3D-rendered
image of the ultrasound image 810.

[0089] According to some exemplary embodiments, the
ultrasound image 810 may be displayed at a left top of the
screen 800, and the auxiliary image 820 may be displayed at
a left bottom of the screen 800. Also, the resection pattern
image 830 determined on the basis of a tumor candidate
region may be displayed at a right side of the screen 800.
However, such a display layout is merely exemplary and
exemplary embodiments are not limited thereto.

[0090] The display unit 440 may display a bile duct region
and a gallbladder region of the auxiliary image 820 in differ-
ent colors and may also display blood vessels around the bile
duct region or the gallbladder region in different colors. Also,
the display unit 440 may display tumor candidate regions
according to various types of indicators. An arrow in FIG. 6 or
acircular dotted line in FIGS. 6, 7, and 8 is a type of indicator.
Indicators of tumor candidate regions may be displayed in
various modes such as colors and figures. Also, the tumor
candidate region of the auxiliary image 820 may be displayed
in a different color in the bile duct region of the auxiliary
image 820. For example, when the bile duct region is dis-
played in yellow, the tumor candidate region may be dis-
played in red in the bile duct region.

[0091] When the user modifies a tumor candidate region
811 in the ultrasound image 810 or a tumor candidate region
821 in the auxiliary image 820, the ultrasound diagnosis
apparatus 400 may modify the resection pattern image 830
and display a modified resection pattern image 840. For
example, when a resection pattern image [ 831 and a resection
pattern image 11 832 are displayed as the resection patterns
determined according to the existing tumor candidate
regions, only a resection pattern image [Ila based on the
modified tumor candidate region may be displayed.

[0092] That is, the user may examine the tumor candidate
region, which is automatically determined by the ultrasound
diagnosis apparatus 400, and acquire a proper resection pat-
tern image by correcting any incorrect portion thereof.
[0093] Itshould be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
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[0094] 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 acquiring unit configured to acquire a three-
dimensional (3D) ultrasound image of a partial region of
an object;

a region determining unit configured to determine a bile
duct region and a tumor candidate region in the 3D
ultrasound image;

a resection pattern acquiring unit configured to acquire a
resection pattern of the bile duct region by comparing a
shape of the tumor candidate region and the bile duct
region with a predetermined pattern; and

a display unit configured to display on a screen a resection
pattern image including the resection pattern of the bile
duct region.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the region determining unit determines gallbladder candidate
regions by comparing regions in the 3D ultrasound image
which have a pixel brightness value less than or equal to a
threshold value with a predetermined shape, and determines
the largest of the gallbladder candidate regions as a gallblad-
der region by comparing sizes of the gallbladder candidate
regions.

3. The ultrasound diagnosis apparatus of claim 2, wherein
the region determining unit determines bile duct candidate
regions by comparing regions which are adjacent to the gall-
bladder region and have a pixel brightness value less than or
equal to a threshold value with a predetermined shape, and
determines the largest of the bile duct candidate regions as the
bile duct region by comparing sizes of the bile duct candidate
regions.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the region determining unit determines the tumor candidate
region on the basis of at least one of a Doppler signal of the
bile duct region and a shape of the bile duct region.

5. The ultrasound diagnosis apparatus of claim 1, wherein
when the tumor candidate region displayed on the screen is
modified by an external input, the resection pattern acquiring
unit modifies the resection pattern on the basis of the modified
tumor candidate region and the display unit displays the
modified resection pattern on the screen.

6. The ultrasound diagnosis apparatus of claim 2, wherein
the display unit displays on the screen an ultrasound image
including at least one of the gallbladder region, the bile duct
region, and the tumor candidate region.

7. The ultrasound diagnosis apparatus of claim 6, wherein
the display unit displays an auxiliary image on the screen,
wherein the auxiliary image is a 3D-rendered image of the
ultrasound image.

8. The ultrasound diagnosis apparatus of claim 7, wherein
the display unit displays at least one of the resection pattern
image, the ultrasound image, and the auxiliary image on the
screen.

9. The ultrasound diagnosis apparatus of claim 7, wherein
the display unit displays a blood vessel, the bile duct region,
and the gallbladder region of the auxiliary image in different
colors.
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10. The ultrasound diagnosis apparatus of claim 7, wherein
the display unit displays the tumor candidate region of the
auxiliary image in a different color in the bile duct region.

11. The ultrasound diagnosis apparatus of claim 1, wherein
the display unit displays the tumor candidate region accord-
ing to at least one type of indicator.

12. An ultrasound diagnosis method, comprising:

acquiring a three-dimensional (3D) ultrasound image of a

partial region of an object;

determining a bile duct region and a tumor candidate

region in the 3D ultrasound image;
acquiring a resection pattern of the bile duct region by
comparing a shape of the tumor candidate region and the
bile duct region with a predetermined pattern; and

displaying on a screen a resection pattern image including
the resection pattern of the bile duct region.

13. The ultrasound diagnosis method of claim 12, wherein
the determining of the bile duct region and the tumor candi-
date region comprises:

determining gallbladder candidate regions by comparing

regions in the 3D ultrasound image which have a pixel
brightness value less than or equal to a threshold value
with a predetermined shape; and

determining the largest of the gallbladder candidate

regions as a gallbladder region by comparing sizes of the
gallbladder candidate regions.
14. The ultrasound diagnosis method of claim 13, wherein
the determining of the bile duct region and the tumor candi-
date region further comprises:
determining bile duct candidate regions by comparing
regions which are adjacent to the gallbladder region and
have a pixel brightness value less than or equal to a
threshold value with a predetermined shape; and

determining the largest of the bile duct candidate regions as
the bile duct region by comparing sizes of the bile duct
candidate regions.

15. The ultrasound diagnosis method of claim 12, wherein
the determining of the bile duct region and the tumor candi-
date region comprises determining the tumor candidate
region on the basis of at least one of a Doppler signal of the
bile duct region and a shape of the bile duct region.

16. The ultrasound diagnosis method of claim 12, wherein
when the tumor candidate region displayed on the screen is
modified by an external input, the resection pattern is modi-
fied on the basis of the modified tumor candidate region, and
the modified resection pattern is displayed on the screen.

17. The ultrasound diagnosis method of claim 13, wherein
the displaying of the resection pattern image including the
resection pattern of the bile duct region on the screen com-
prises displaying on the screen an ultrasound image including
at least one of the gallbladder region, the bile duct region, and
the tumor candidate region.

18. The ultrasound diagnosis method of claim 17, wherein
the displaying of the resection pattern image including the
resection pattern of the bile duct region on the screen further
comprises displaying an auxiliary image on the screen,
wherein the auxiliary image is a 3D-rendered image of the
ultrasound image.

19. The ultrasound diagnosis method of claim 18, wherein
the displaying of the resection pattern image including the
resection pattern of the bile duct region on the screen further
comprises displaying at least one of the resection pattern
image, the ultrasound image, and the auxiliary image on the
screet.
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20. The ultrasound diagnosis method of claim 18, wherein
the displaying of the resection pattern image including the
resection pattern of the bile duct region on the screen further
comprises displaying a blood vessel, the bile duct region, and
the gallbladder region of the auxiliary image in different
colors.

21. The ultrasound diagnosis method of claim 18, wherein
the displaying of the resection pattern image including the
resection pattern of the bile duct region on the screen further
comprises displaying the tumor candidate region of the aux-
iliary image in a different color in the bile duct region.

22. The ultrasound diagnosis method of claim 12, wherein
the displaying of the resection pattern image including the
resection pattern of the bile duct region on the screen com-
prises displaying the tumor candidate region according to at
least one type of indicator.

23. A non-transitory computer-readable recording medium
that stores a program that performs the ultrasound diagnosis
method of claim 12 when executed by a computer.

I I T T
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