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(57) ABSTRACT

Provided are an ultrasound diagnosis apparatus and a
method of operating the same, which are capable of provid-
ing a guide for improving quality of an ultrasound image
according to a relative position between a transducer and an
object. The ultrasound diagnosis apparatus includes: a probe
configured to transmit ultrasound signals to an object and
receive ultrasound echo signals reflected from the object; a
display configured to display a state of contact between the
object and the probe; and a processor configured to deter-
mine, based on the ultrasound echo signals, whether the
probe is brought into contact with the object and the state of
contact between the object and the probe, and to control the
display to display an indicator indicating a result of the
determining.
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ULTRASOUND DIAGNOSIS APPARATUS
AND METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0124242, filed on Sep. 27,
2016, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field

[0002] The present disclosure relates to ultrasound diag-
nosis apparatuses and methods of operating the same, and
more particularly, to ultrasound diagnosis apparatuses that
are capable of providing a guide for improving quality of an
ultrasound image according to a relative position between an
ultrasonic transducer and an object.

2. Description of the Related Art

[0003] Ultrasound diagnostic apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and detect information about signals reflected from
the object, thereby obtaining at least one image of an internal
part, for example, soft tissue or blood flow, of the object.
[0004] A transesophageal echocardiography (TEE) appa-
ratus is one type of ultrasound diagnosis apparatus that is
used to diagnose diseases from inside the human body. TEE
1s a diagnostic test for recording ultrasound images of heart
tissues and may involve transmitting ultrasound waves to the
heart, which is an object, and surrounding tissues by passing
a long tube with a probe at its distal end down through the
esophagus so that the probe is positioned next to the heart
and receiving ultrasound echo signals reflected from the
object to produce images of the heart chambers, valves, and
surrounding structures.

[0005] In this case, the tube may be sufficiently rigid but
flexible enough to pass down through the esophagus into a
desired position. Furthermore, a flexible bending part is
positioned between the tube and the probe so that the probe
may pass through a curved esophagus and be placed at a
suitable position that facilitates diagnosis of diseases of the
heart.

SUMMARY

[0006] Provided are ultrasound diagnosis apparatuses and
methods of operating the same, which are capable of pro-
viding a guide for improving quality of an ultrasound image
according to a relative position between an ultrasonic trans-
ducer and an object.

[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 be learned by practice of the pre-
sented embodiments.

[0008] According to an aspect of an embodiment, an
ultrasound diagnosis apparatus includes: a probe configured
to transmit ultrasound signals to an object and receive
ultrasound echo signals reflected from the object; a display
configured to display a state of contact between the object
and the probe; and a processor configured to determine,
based on the ultrasound echo signals, whether the probe is
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brought into contact with the object and the state of contact
between the object and the probe, and to control the display
to display an indicator indicating a result of the determining.
[0009] The probe may be tilted at a specific angle with
respect to the object.

[0010] A first indicator may indicate that tilting of the
probe is about to start according to the result of the deter-
mining.

[0011] A second indicator may indicate tilt information of
the probe according to the state of contact between the object
and the probe.

[0012] The ultrasound diagnosis apparatus may further
include an input interface configured to receive a user input
for adjusting a tilt of the probe according to the second
indicator, and the probe may be tilted according to the
received user input.

[0013] The display is further configured to include at least
one of a display device, an audio device, and a vibration
device equipped with haptic functions.

[0014] An indication that the tilting of the probe is about
to start may be transmitted via at least one of an image, a
text, a voice, and a vibration.

[0015] The tilt information of the probe may be transmit-
ted via at least one of an image, a text, and a voice.
[0016] The processor is further configured to tilt the probe
at a specific angle and control the probe to repeat an
operation of transmitting the ultrasound signals respectively
at positions to which the probe is tilted and receiving the
ultrasound echo signals reflected from the object.

[0017] The probe may be positioned at a distal end of the
ultrasound diagnosis apparatus and may be a transesopha-
geal echocardiography (TEE) probe for insertion into a body
cavity, and the ultrasound diagnosis apparatus may further
include a neck assembly that is connected to the probe and
bent.

[0018] According to an aspect of another embodiment, a
method of operating an ultrasound diagnosis apparatus
includes: moving a probe in close proximity to an object;
acquiring ultrasound data of the object; determining whether
the probe is brought into contact with the object based on the
acquired ultrasound data; and tilting the object according to
a result of the determining.

[0019] The method may further include displaying, when
the probe is brought into contact with the object, an indi-
cation that tilting of the probe is about to start.

[0020] The method may further include: displaying tilt
information of the probe according to a state in which the
probe is brought into contact with the object; and entering a
user input for adjusting a tilt of the probe according to the
displayed tilt information of the probe.

[0021] The indication that the tilting of the probe is about
to start may be transmitted via at least one of an image, a
text, a voice, and a vibration.

[0022] The tilt information of the probe may be transmit-
ted via at least one of an image, a text, and a voice.

[0023] According to an aspect of another embodiment, a
method of operating an ultrasound diagnosis apparatus
includes: moving a probe in close proximity to an object;
repeatedly tilting the probe; acquiring ultrasound data of the
object respectively at positions to which the probe is tilted;
and comparing the acquired ultrasound data with one
another.
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[0024] A relative position of the probe with respect to the
object may be determined at a tilt position where a region
with respect to which the ultrasound data is acquired has a
largest area.

[0025] When the ultrasound diagnosis apparatus includes
a TEE probe for insertion into a body cavity as the probe, the
moving of the probe in close proximity to the object may
include inserting the probe into the body cavity and bending
a neck assembly connected to the probe positioned at a distal
end of the ultrasound diagnosis apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings, in which reference numerals denote
structural elements:

[0027] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus;

[0028] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound diagnosis apparatus according to an exemplary
embodiment;

[0029] FIG. 3 is a perspective view of an ultrasound
diagnosis apparatus according to an embodiment;

[0030] FIG. 4 is a cross-sectional view of a probe accord-
ing to an embodiment;

[0031] FIGS. 5A through 5C are schematic side cross-
sectional views of a probe according to an embodiment;
[0032] FIGS. 6A through 6C are schematic side cross-
sectional views of a probe according to an embodiment;
[0033] FIGS. 7A and 7B are schematic side views of an
ultrasound diagnosis apparatus according to an embodiment;
[0034] FIG. 8 is a flowchart of a method of operating an
ultrasound diagnosis apparatus according to an embodiment;
[0035] FIGS. 9A and 9B are schematic diagrams illustrat-
ing a diagnosis performed using an ultrasound diagnosis
apparatus according to an embodiment;

[0036] FIGS. 10A and 10B illustrate ultrasound images
generated using an ultrasound diagnosis apparatus according
to an embodiment;

[0037] FIG. 11 illustrates an ultrasound image and a first
indicator displayed therewith, according to an embodiment;
[0038] FIG. 12A illustrates an ultrasound image according
to an embodiment, and FIG. 12B is a schematic diagram
illustrating a diagnosis during which the ultrasound image of
FIG. 12A is obtained;

[0039] FIG. 12C illustrates an ultrasound image according
to an embodiment, and FIG. 12D is a schematic diagram
illustrating a diagnosis during which the ultrasound image of
FIG. 12C is obtained;

[0040] FIG. 12E illustrates an ultrasound image according
to an embodiment, and FIG. 12F is a schematic diagram
illustrating a diagnosis during which the ultrasound image of
FIG. 12E is obtained;

[0041] FIG. 13 illustrates an ultrasound image having scan
lines indicated thereon according to an embodiment;
[0042] FIGS. 14 and 15 illustrate ultrasound images and
second indicators displayed together therewith; and

[0043] FIG. 16 is a flowchart of a method of operating an
ultrasound diagnosis apparatus, according to an embodi-
ment.
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DETAILED DESCRIPTION

[0044] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0045] In the following description, the same drawing
reference numerals are used for the same elements even in
different drawings. The matters defined in the description,
such as detailed construction and elements, are provided to
assist in a comprehensive understanding of exemplary
embodiments. Thus, it is apparent that exemplary embodi-
ments can be carried out without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail.

[0046] Terms such as “part” and “portion” used herein
denote those that may be embodied by software or hardware.
According to exemplary embodiments, a plurality of parts or
portions may be embodied by a single unit or element, or a
single part or portion may include a plurality of elements.
[0047] In exemplary embodiments, an image may include
any medical image acquired by various medical imaging
apparatuses such as a magnetic resonance imaging (MRI)
apparatus, a computed tomography (CT) apparatus, an ultra-
sound imaging apparatus, or an X-ray apparatus.

[0048] Also, in the present specification, an “object”,
which is a thing to be imaged, may include a human, an
animal, or a part thereof. For example, an object may include
apart of a human, that is, an organ or a tissue, or a phantom.
[0049] Throughout the specification, an “ultrasound
image” refers to an image of an object processed based on
ultrasound signals transmitted to the object and reflected
therefrom.

[0050] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100, ie., a diag-
nostic apparatus, according to an exemplary embodiment.
[0051] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
110, a processor 120, an image processor 130, a display 140,
a storage 150, e.g., a memory, a communicator 160, i.e., a
communication device or an interface, and an input interface
170.

[0052] In the present embodiment, the probe 20 may
include a plurality of transducers. The transducers are
arranged in two dimensions (2D), forming a 2D transducer
array.

[0053] For example, the 2D transducer array may include
a plurality of sub-arrays arranged in a first direction, each of
the sub-arrays including a plurality of transducers arranged
in a second direction that is different from the first direction.
[0054] The ultrasound transceiver 110 may include an
analog beamformer 113 and a digital beamformer 115.
Although FIG. 1 illustrates that the ultrasound transceiver
110 and the probe 20 are provided as being separate from
each other, the probe 20 according to the present exemplary
embodiment may include the entire ultrasound transceiver
110 or a part of the ultrasound transceiver 110. For example,
the probe 20 may include one or both of the analog beam-
former 113 and the digital beamformer 115,

[0055] The processor 120 may calculate a time delay value
for digital beamforming with respect to the sub-arrays
included in the 2D transducer array. Also, the processor 120
may calculate a time delay value for analog beamforming
for each of the transducers included in any one sub-array of
the sub-arrays.
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[0056] The processor 120 may control the analog beam-
former 113 and the digital beamformer 115 to form a
transmission signal to be applied to each of the transducers,
according to the time delay values for analog beamforming
and digital beamforming.

[0057] Also, the processor 120 may control the analog
beamformer 113 to add signals received from the transduc-
ers for each sub-array, according to the time delay value for
analog beamforming. Also, the processor 120 may control
the ultrasound transceiver 110 to perform analog to digital
conversion of the signals added for each sub-array. Also, the
processor 120 may control the digital beamformer 115 to
generate ultrasound data by adding the digitized signals
according to the time delay value for digital beamforming.
[0058] Also, the processor 120 may control the analog
beamformer 113 to classify the transducers to be included in
the sub-arrays, apply the time delay value for performing
analog beamforming, and add the signals for each of the
sub-arrays. Also, the processor 120 may control the analog
beamformer 113 to add again synthesized signals generated
by adding the signals for each sub-array by applying the time
delay value for performing analog beamforming.

[0059] The image processor 130 generates an ultrasound
image by using generated ultrasound data.

[0060] The display 140 may display a generated ultra-
sound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The display 140
may include one or more display devices 141, an audio
device 142, or a vibration device 143, according to its
implemented configuration. In this case, the one or more
display devices 141 may be combined with a touch panel to
form a touch screen.

[0061] The processor 120 may control the operations of
the ultrasound diagnosis apparatus 100 and flow of signals
between the internal elements of the ultrasound diagnosis
apparatus 100. The processor 120 may include a memory for
storing a program or data to perform functions of the
ultrasound diagnosis apparatus 100 and a processor and/or a
microprocessor (not shown) for processing the program or
data. For example, the processor 120 may control the
operation of the ultrasound diagnosis apparatus 100 by
receiving a control signal from the input interface 170 or an
external apparatus.

[0062] The ultrasound diagnosis apparatus 100 may
include the communicator 160 and may be connected to
external apparatuses, for example, servers, medical appara-
tuses, and portable devices such as smart phones, tablet
personal computers (PCs), wearable devices, etc., via the
communicator 160.

[0063] The communicator 160 may include at least one
element capable of communicating with the external appa-
ratuses. For example, the communicator 160 may include at
least one among a short-range communication module, a
wired communication module, and a wireless communica-
tion module.

[0064] The communicator 160 may receive a control sig-
nal and data from an external apparatus and transmit the
received control signal to the processor 120 so that the
processor 120 may control the ultrasound diagnosis appa-
ratus 100 in response to the received control signal.
[0065] The processor 120 may transmit a control signal to
the external apparatus via the communicator 160 so that the
external apparatus may be controlled in response to the
control signal of the processor 120.
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[0066] For example, the external apparatus connected to
the ultrasound diagnosis apparatus 100 may process the data
of the external apparatus in response to the control signal of
the processor 120 received via the communicator 160.

[0067] A program for controlling the ultrasound diagnosis
apparatus 100 may be installed in the external apparatus.
The program may include command languages to perform
part of operation of the processor 120 or the entire operation
of the processor 120.

[0068] The program may be pre-installed in the external
apparatus or may be installed by a user of the external
apparatus by downloading the program from a server that
provides applications. The server that provides applications
may include a recording medium where the program is
stored.

[0069] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound diagnosis
apparatus 100, input and/or output ultrasound data, ultra-
sound images, applications, etc.

[0070] The input interface 170 may receive a user’s input
to control the ultrasound diagnosis apparatus 100 and may
include a keyboard, button, keypad, mouse, trackball, jog
switch, knob, a touchpad, a touch screen, a microphone, a
motion input means, a biometrics input means, etc. For
example, the user’s input may include inputs for manipu-
lating buttons, keypads, mice, trackballs, jog switches, or
knobs, inputs for touching a touchpad or a touch screen, a
voice input, a motion input, and a bioinformation input, for
example, iris recognition or fingerprint recognition, but an
exemplary embodiment is not limited thereto.

[0071] An example of the ultrasound diagnosis apparatus
100 according to the present exemplary embodiment is
described below with reference to FIGS. 2A, 2B, and 2C.

[0072] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound diagnosis apparatus according to an exemplary
embodiment.

[0073] Referring to FIGS. 2A and 2B, the ultrasound
diagnosis apparatus 100 may include a main display 121 and
a sub-display 122. At least one among the main display 121
and the sub-display 122 may include a touch screen. The
main display 121 and the sub-display 122 may display
ultrasound images and/or various information processed by
the ultrasound diagnosis apparatus 100. The main display
121 and the sub-display 122 may provide graphical user
interfaces (GUI), thereby receiving user’s inputs of data to
control the ultrasound diagnosis apparatus 100. For
example, the main display 121 may display an ultrasound
image and the sub-display 122 may display a control panel
to control display of the ultrasound image as a GUI. The
sub-display 122 may receive an input of data to control the
display of an image through the control panel displayed as
a GUI. The ultrasound diagnosis apparatus 100 may control
the display of the ultrasound image on the main display 121
by using the input control data.

[0074] Referring to FIG. 2B, the ultrasound diagnosis
apparatus 100 may include a control panel 165. The control
panel 165 may include buttons, trackballs, jog switches, or
knobs, and may receive data to control the ultrasound
diagnosis apparatus 100 from the user. For example, the
control panel 165 may include a time gain compensation
(TGC) button 171 and a freeze button 172. The TGC button
171 is to set a TGC value for each depth of an ultrasound
image. Also, when an input of the freeze button 172 is
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detected during scanning an ultrasound image, the ultra-
sound diagnosis apparatus 100 may keep displaying a frame
image at that time point.

[0075] The buttons, trackballs, jog switches, and knobs
included in the control panel 165 may be provided as a GUI
to the main display 121 or the sub-display 122.

[0076] Referring to FIG. 2C, the ultrasound diagnosis
apparatus 100 may include a portable device. An example of
the portable ultrasound diagnosis apparatus 100 may
include, for example, smart phones including probes and
applications, laptop computers, personal digital assistants
(PDAS), or tablet PCs, but an exemplary embodiment is not
limited thereto.

[0077] The ultrasound diagnosis apparatus 100 may
include the probe 20 and a main body 40. The probe 20 may
be connected to one side of the main body 40 by wire or
wirelessly. The main body 40 may include a touch screen
145. The touch screen 145 may display an ultrasound image,
various pieces of information processed by the ultrasound
diagnosis apparatus 100, and a GUI.

[0078] Hereinafter, embodiments of the present disclosure
will be described more fully with reference to the accom-
panying drawings. While it is assumed hereinafter that a
transesophageal echocardiography (TEE) apparatus is used
as the ultrasound diagnosis apparatus 100, embodiments are
not limited to the field of TEE, and may be applied to any
one of ultrasound diagnosis apparatuses.

[0079] FIG. 3 is a perspective view of an ultrasound
diagnosis apparatus 100 according to an embodiment, and
FIG. 4 is a cross-sectional view of a probe 200 according to
an embodiment.

[0080] Referring to FIGS. 3 and 4, the ultrasound diag-
nosis apparatus 100 according to the present embodiment
may mainly include the probe 200, a neck assembly 310, an
insertion tube 320, and a manipulator 400. The probe 200 is
configured to emit ultrasound waves toward an object and
receive ultrasound echo signals reflected from the object in
order to obtain an image of an internal area of the object. As
shown in FIG. 4, the probe 200 may include an ultrasonic
transducer 210, an integrated circuit (IC) 220, and a base
230.

[0081] According to an embodiment, the ultrasonic trans-
ducer 210 generates ultrasonic waves by converting electri-
cal signals supplied from the outside into mechanical vibra-
tion energy and converts vibrations transmitted from the
outside back into electrical signals. In the present embodi-
ment, a capacitive micromachined ultrasonic transducer
(¢cMUT) may be used as the ultrasonic transducer 210.
However, embodiments are not limited thereto, and a piezo-
electric transducer (PZT) may be used as the ultrasonic
transducer 210. Furthermore, the ultrasonic transducer 210
may have a two-dimensional (2D) array structure as shown
in FIG. 4, but embodiments are not limited thereto.

[0082] The IC 220 is configured to generate an ultrasound
signal by applying an electrical signal to the ultrasonic
transducer 210 to drive the ultrasonic transducer 210 and to
detect an electrical signal output from the ultrasonic trans-
ducer 210 by using the ultrasound signal transmitted to the
ultrasonic transducer 210 from the outside. The IC 220 has
two opposite surfaces, and the ultrasonic transducer 210
may be provided on one surface thereof. As described above,
the ultrasonic transducer 210 may be mounted onto the one
surface of the IC 220 via flip-chip bonding, but embodi-
ments are not limited thereto.
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[0083] The base 230 is a support member for supporting
the ultrasonic transducer 210. For example, a printed circuit
board (PCB; not shown) may be provided on one surface of
the base 230. In this case, the PCB may be electrically
connected to the IC 220 via wire bonding. However,
embodiments are not limited thereto, and the PCB and the IC
220 may be electrically connected to each other by using
various other methods.

[0084] The neck assembly 310 may be a bendable articu-
lation mechanism and be arranged between the probe 200
and the insertion tube 320. In other words, the neck assem-
bly 310 may be configured to facilitate insertion of the probe
200 into a curved esophagus and placement of the probe 200
at a desired position for diagnosis. For example, the neck
assembly 310 may include a plurality of segments and a
manipulating wire for connecting the plurality of segments
to each other. The neck assembly 310 with the plurality of
segments joined together is formed to have a cylindrical
shape with a hollow portion so as to accommodate cables for
propagation of signals that are transmitted from the ultra-
sound transceiver 110 of FIG. 1 to the probe 200 or vice
versa. Furthermore, the neck assembly 310 may be made of
a metal, but embodiments are not limited thereto. The neck
assembly 310 may be formed of any material having a good
thermal conductivity and a specific strength. An outer wall
of the neck assembly 310 may be coated with a highly elastic
material. The movement of the probe 200 via the neck
assembly 310 will be described in more detail below with
reference to FIGS. 7A and 7B.

[0085] The insertion tube 320 may have one end coupled
to the neck assembly 310 and the other end coupled to the
manipulator 400. The insertion tube 320 may have sufficient
flexibility to easily pass down through the esophagus and
sufficient rigidity to prevent damage during its insertion.
Furthermore, the insertion tube 320 may generally have a
length of about 100 cm to about 110 cm and a diameter of
about 10 F mm to about 20 F mm, but embodiments are not
limited thereto.

[0086] The manipulator 400 manipulates an operation of
the probe 200, and may include a first knob for moving the
probe 200 left or right and a second knob 420 for moving the
probe 200 up or down, but embodiments are not limited
thereto.

[0087] FIGS. 5A through 5C are schematic side cross-
sectional views of a probe 200 according to an embodiment,
and FIGS. 6 A through 6C are schematic side cross-sectional
views of a probe 200 according to an embodiment.

[0088] Referring to FIG. 5A, when the probe 200 is
brought into close contact with an object A, the ultrasonic
transducer 210 may be arranged perpendicular to a direction
of emission of ultrasound waves opposite to the object A. In
other words, the ultrasonic transducer 210 may be mounted
on one surface of a base 230 and arranged along a first axis
(X) direction perpendicular to a third 7 axis direction that is
the direction of emission of ultrasound waves. As describe
above, when the probe 200 is brought into close contact with
the object A so that the ultrasonic transducer 210 may
oppose the object A, it is possible to acquire a relatively clear
image via the ultrasonic transducer 210. Otherwise, if the
probe 200 and the object A are not brought into close contact
with each other, the ultrasonic transducer 210 needs to be
tilted to form a specific angle with respect to the first X axis
direction in order to obtain a clearer image.
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[0089] According to an embodiment, referring to FIG. 5B,
when the probe 200 and the object A are not brought into
close contact with each other, the base 230 where the
ultrasonic transducer 210 is mounted may be tilted along a
clockwise direction relative to the first X axis, so that the
object A and the ultrasonic transducer 210 are opposite to
each other. In this case, the base 230 may be tilted to form
a first angle 0, with respect to the first X axis. Furthermore,
referring to FIG. 5C, the base 230 where the ultrasonic
transducer 210 is mounted may be tilted along a counter-
clockwise direction relative to the first X axis. In this case,
the base 230 may be tilted to form the first angle 6, with
respect to the first X axis. For example, the first angle 6, may
be less than or equal to 15°, but embodiments are not limited
thereto.

[0090] Furthermore, the ultrasonic transducer 210 may be
tilted to form a second angle 0, with respect to a second Y
axis according to a state of contact between the ultrasonic
transducer 210 and the object A. According to an embodi-
ment, referring to FIGS. 6A through 6C, the ultrasonic
transducer 210 mounted on one surface of the base 230 may
be arranged along the second Y axis that is perpendicular to
the third 7 axis extending in the direction of emission of
ultrasound waves. If the probe 200 and the object A are
brought into close contact with each other, the base 230 may
not be tilted relative to the second Y axis. Otherwise, if the
probe 200 and the object A are not brought into close contact
with each other, the base 230 where the ultrasonic transducer
210 is mounted may be tilted to form the second angle 0,
with respect to the second Y axis along a clockwise or
counter-clockwise direction. For example, the second angle
6, may be less than or equal to 15°, but embodiments are not
limited thereto. Although not shown in FIGS. 6A and 6B, the
ultrasonic transducer 210 may rotate about the third Z axis
in the clockwise or counter-clockwise direction in order to
obtain a clearer image according to a state of contact
between the ultrasonic transducer 210 and the object A.
[0091] FIGS. 7A and 7B are schematic side views of the
ultrasound diagnosis apparatus 100 according to an embodi-
ment.

[0092] As described above, according to an embodiment,
the ultrasound diagnosis apparatus 100 may include a probe
200 for performing TEE diagnosis in a curved esophagus
within a body cavity. Referring to FIGS. 7A and 7B, the
ultrasound diagnosis apparatus 100 may further include a
neck assembly 310 provided between the probe 200 and an
insertion tube 320. The neck assembly 310 may be bent at
a third angle 6, along one direction in order to insert the
probe 200 into a curved esophagus. In this case, the third
angle 0, may be in a range of between -180° and +180°.
Thus, the neck assembly 310 may be bent to the extent of
forming a U shape in a clockwise or counter-clockwise
direction. In other words, the neck assembly 310 may be
bent at 360° in a XZ plane as shown in FIG. 7A and a YZ
plane as shown in FIG. 7B.

[0093] FIG. 8 is a flowchart of a method of operating the
ultrasound diagnosis apparatus 100 according to an embodi-
ment.

[0094] Referring to FIG. 8, the probe 200 of the ultrasound
diagnosis apparatus 100 is moved in close proximity to an
object (S810). According to an embodiment, when the
ultrasound diagnosis apparatus 100 includes a TEE probe for
insertion into a body cavity of the object, the probe 200 may
be inserted into the body cavity of the object as shown in
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FIG. 9A. In this case, the probe 200 may be separated from
the heart being imaged for ultrasound diagnosis. To mini-
mize a separation distance between the probe 200 and the
heart, the neck assembly 310 may be bent as shown in FIG.
9B. For example, as shown in FIGS. 7A and 7B, the neck
assembly 310 may be bent up, down, left, or right so that the
probe 200 at a distal end of the ultrasound diagnosis appa-
ratus 100 may be moved to a position closest to the heart.
[0095] The ultrasound diagnosis apparatus 100 acquires
ultrasound data of the object (S820). In this case, the
ultrasound data may be acquired using the probe 200
included in the ultrasound diagnosis apparatus 100 or may
be received from an external device. According to an
embodiment, when the ultrasound data is acquired using the
probe 200, the ultrasound data is acquired by transmitting
ultrasound signals from the probe 200 to the object and
receiving ultrasound echo signals reflected from the object.
However, the ultrasound signals transmitted by the probe
200 may not be reflected from the object according to a state
of contact between the probe 200 and the object. In this case,
the ultrasound data corresponding to these ultrasound sig-
nals may not be acquired.

[0096] According to an embodiment, depending on a
position into which the probe 200 is passed and a shape of
the object, as shown in FIG. 9B, a portion 201 of the probe
200 may contact the object while the remaining portion 202
thereof may not contact the object. In this case, ultrasound
signals transmitted from the portion 201 of the probe 200
that contacts the object may be received by the receiver (115
of FIG. 1) while ultrasound signals transmitted from the
remaining portion 202 may not be received thereby. When
ultrasound data is acquired based on ultrasound signals
received only from the portion 201 of the probe 200 as
described above, an ultrasound image is generated based on
only the acquired ultrasound data.

[0097] According to an embodiment, a 2D ultrasound
image as shown in FIG. 10A or a three-dimensional (3D)
ultrasound image of a sample volume as shown in FIG. 10B
may be displayed on the display device (141 of FIG. 1). In
this case, the 2D or 3ultrasound image may be separated into
a first region 510 with respect to which ultrasound data is
acquired and a second region 520 with respect to which
ultrasound data is not acquired. According to an embodi-
ment, the second region 520 may be indicated in a mono-
color such as white or black, but embodiments are not
limited thereto. Furthermore, ultrasound images may be
displayed on the display device 141 in a plurality of modes
for providing an ultrasound image (hereinafter, referred to as
a ‘composite mode’). The composite mode may include a
brightness (B)-mode for providing a B-mode image, a Color
Doppler mode (C-mode) or a Power Doppler mode
(P-mode) for providing a color flow image, and a Doppler
mode (D-mode) for providing a Doppler spectrum.

[0098] The ultrasound diagnosis apparatus 100 determines
whether the object and the probe 200 are brought into
contact with each other (5830). As described above. accord-
ing to whether the probe 200 and the object contact each
other, ultrasound signals transmitted from the probe 200
may not be reflected from the object, and thus, ultrasound
data corresponding to the ultrasound signals may not be
acquired. In this case, by analyzing ultrasound signals
reflected from the object and received by the receiver 115
and those not received by the received 115, the ultrasound
diagnosis apparatus 100 may determine a state of contact
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between the probe 200 and the object. For example, if the
probe 200 is completely separated from the object as shown
in FIG. 9A, a very small number of ultrasound signals may
be reflected from the object and received. Otherwise, if the
probe 200 is brought into contact with the object as shown
in FIG. 9B, a large number of ultrasound signals transmitted
from the probe 200 may be reflected from the object and
received.

[0099] The state of contact between the object and the
probe 200 may be determined according to the number of
ultrasound signals reflected from the object and received.
According to an embodiment, as shown in FIGS. 10A and
10B, the state of contact between the object and the probe
200 may be determined based on a ratio between the first
region 510 with respect to which ultrasound data is acquired
to the second region 520 with respect to which ultrasound
data is not acquired. For example, if a ratio of the first region
510 compared to a whole region exceeds a specific range,
the processor (120 of F1G. 1) may determine that the object
and the probe 200 are brought into contact with each other.
In this case, a criterion for determining whether the object
and the probe 200 are brought into contact with each other
may be previously input via the storage (150 of FIG. 1) or
may be received from a user via the input interface (170 of
FIG. 1).

[0100] The ultrasound diagnosis apparatus 100 displays
starting of tilting of the probe 200 (S840). When the object
and the probe 200 contact each other, the starting of tilting
of the probe 200 is displayed on the display (140 of FIG. 1).
If the object has a curved shape, or if the probe 200 is
inserted into a body cavity so that the user is unable to
directly manipulate the probe, the probe 200 may not be
brought into complete contact with the object. Thus, even
when the probe 200 and the object contact each other, as
shown in FIGS. 10A and 10B, the ultrasound image may be
of the second region 520 with respect to which ultrasound
data is not acquired. To minimize the second region 520, the
probe 200 may be tilted as shown in FIGS. 5A through 5C
and FIGS. 6A through 6C. Tilting of the probe 200 may be
performed after contact between the probe 200 and the
object occurs, and accordingly, an indicator indicating start
of the tilting of the probe 200 may be displayed

[0101] According to an embodiment, the starting of tilting
of the probe 200 may be indicated by a first indicator as
shown in FIG. 11. For example, a visual indicator indicating
that tilting of the probe 200 is about to start may be displayed
on the display device 141 as a text, together with an
ultrasound image. Furthermore, a visual indicator that indi-
cates a state of contact between the probe 200 and the object
may be displayed on the display device 141 as an image,
together with an ultrasound image. According to an embodi-
ment, the starting of tilting of the probe 200 may be
indicated by outputting an audio indicator indicating that
tilting of the probe 200 is to start via the audio device (142
of FIG. 1) (e.g., a speaker). In addition, according to an
embodiment, the starting of tilting of the probe 200 may be
indicated by outputting a vibration indicator, which indicates
that tilting of the probe 200 is to start, via the vibration
device (143 of FIG. 1) equipped with a corresponding haptic
function.

[0102] The ultrasound diagnosis apparatus 100 displays
tilt information of the probe 200 (S850). When the starting
of tilting of the probe 200 is displayed, the ultrasound
diagnosis apparatus 100 may provide the user with the tilt
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information of the probe 200. According to an embodiment,
in order to provide the user with the tilt information of the
probe 200, information about an ultrasound image, corre-
sponding to a state of contact between the probe 200 and the
object, may be prestored in the storage 150.

[0103] For example, referring to FIGS. 12A and 12B, if a
first portion 610 of the probe 200 contacts the object as
shown in FIG. 12B, an ultrasound image shown in FIG. 12A
may be stored in the storage 150. Referring to FIGS. 12C
and 12D, if a second portion 620 of the probe 200, which is
wider than the first portion 610, contacts the object as shown
in FIG. 12D, an ultrasound image shown in FIG. 12C may
be stored in the storage 150. Referring to FIGS. 12E and
12F, if a third portion 630 of the probe 200 that is at a
different position than the second portion 620 contacts the
object as shown in FIG. 12F, an ultrasound image shown in
FIG. 12E may be stored in the storage 150. In this case, a
first region 510 with respect to which ultrasound data is
acquired and a second region 520 with respect to which
ultrasound data is not acquired may be indicated on each of
the ultrasound images shown in FIGS. 12A, 12C, and 12E.
Since the first region 510 and the second region 520 are
distinguished from each other according to a state of contact
between the probe 200 and the object, the states of contact
between the probe 200 and the object may respectively
correspond to the ultrasound images, each including the first
region 510 and the second region 520.

[0104] As described above, by repeating a process of
matching an ultrasound image to a state of contact between
the probe 200 and the object, states in which the probe 200
and the object are brought into contact with each other may
respectively be standardized according to positions of the
first region 510 with respect to which ultrasound data is
acquired and the second region 520 with respect to which
ultrasound data is not acquired, and may be then stored. For
example, as shown in FIG. 13, an ultrasound image may be
divided into a plurality of regions A, through A, based on a
scan line, and states in which the probe 200 and the object
are brought into contact with each other may respectively be
standardized according to whether each of the regions A,
through A, is recognized as the first or second region 510 or
520.

[0105] A portion of the probe 200 that is in contact with
the object and a corresponding ultrasound image may be
stored in the storage 150. Thus, when an actual ultrasound
image having the first region 510 and the second region 520
is obtained by using actual ultrasound data of the object, the
processor 120 may compare the actual ultrasound image
with a standardized ultrasound image stored in the storage
150. The processor 120 may determine, according to a
comparison result, a state of contact between the object and
the probe 200 from which the actual ultrasound image is
obtained. After determining the state of contact therebe-
tween, the processor 120 may display tilt information of the
probe 200 to the user.

[0106] According to an embodiment, tilting information of
the probe 200 may be displayed via a second indicator. For
example, referring to FIG. 14, an ultrasound image is
displayed on a first screen 710 on the display device 141
while a state of contact between the probe 200 and the object
is simultaneously being displayed on a second screen 720.
After checking the state of contact between the probe 200
and the object displayed on the second screen 720, the user
may determine a tilt amount of the probe 200. Furthermore,
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according to an embodiment, referring to FIG. 15, a visual
indicator that directly informs the user of tilting information
of the probe 200 may be displayed on the display device 141
as a text. In addition, according to an embodiment, tilting
information of the probe 200 may be displayed by outputting
an audio indicator indicating a tilt amount of the probe 200
via the audio device 142 (e.g., a speaker).

[0107] The user enters a user input for adjusting a tilt of
the probe 200 according to the tilt information of the probe
200 provided by the ultrasound diagnosis apparatus 100
(S860). According to an embodiment, the ultrasound diag-
nosis apparatus 100 may display a current state of contact
between the probe 200 and the object, based on which the
user enters a user input for a tilt direction and a tilt amount
of the probe 200 via the input interface 170.

[0108] The ultrasound diagnosis apparatus 100 changes a
tilt of the probe 200 based on the user input entered by the
user in operation S860 (S870). According to an embodiment,
a tilt direction and a tilt amount of the probe 200 may be
determined based on a user input signal, and accordingly, a
relative position of the probe 200 with respect to the object
may be improved, and an improved ultrasound image may
be obtained.

[0109] FIG. 16 is a flowchart of a method of operating the
ultrasound diagnosis apparatus 100, according to an embodi-
ment.

[0110] According to an embodiment, after displaying a
visual indicator indicating the starting of tilting of the probe
200 in operation S840 of FIG. 8 when the probe 200 comes
in contact with the object, the ultrasound diagnosis appara-
tus 100 may not determine whether the user input is entered
in operation S860 but automatically perform tilting of the
probe 200 in operation S940 for transmission and reception
of ultrasound signals.

[0111] For example, the ultrasound diagnosis apparatus
100 may automatically tilt the probe 200 after determining
whether the probe 200 and the object are brought into
contact with each other in operation S930. According to an
embodiment, as shown in FIGS. 5A through 5C and FIGS.
6A through 6C, the probe 200 may be tilted relative to the
first X axis or the second Y axis, but a direction in which the
probe 200 is tilted is not limited to the first X axis or the
second Y axis. Although not shown in FIGS. 5A through 5C
and FIGS. 6A through 6C, the probe 200 may rotate about
the third 7 axis. The probe 200 may be tilted or rotate at an
angle that is less than or equal to 15° with respect to each
axis, but embodiments are not limited thereto.

[0112] The ultrasound diagnosis apparatus 100 respec-
tively acquires ultrasound data at positions to which the
probe 200 is tilted. The probe 200 may respectively acquire,
from positions to which the probe 200 is tilted, ultrasound
data by transmitting ultrasound signals to the object and
receiving ultrasound echo signals reflected from the object.
By using the acquired ultrasound data, the first region 510
with respect to which ultrasound data is acquired and the
second region 520 with respect to which ultrasound data is
not acquired may be distinguished from each other in an
ultrasound image.

[0113] The ultrasound diagnosis apparatus 100 compares
the ultrasound data respectively acquired at the positions to
which the probe 200 is tilted with one another (§960). The
probe 200 may respectively acquire a plurality of pieces of
ultrasound data from positions to which the probe 200 is
tilted, and determine a tilt position at which the first region
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510, with respect to which ultrasound data is acquired from
among the plurality of pieces of ultrasound data, has a
largest area. Thus, the ultrasound diagnosis apparatus 100
may automatically obtain a clearer image by holding the
probe 200 steadily in the determined tilt position. According
to the method, the ultrasound diagnosis apparatus 100 may
obtain a relatively clear ultrasound image without requiring
the user to adjust a tilt direction and a tilt amount of the
probe 200 during measurement for obtaining an ultrasound
image.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a probe configured to transmit ultrasound signals to an
object and receive ultrasound echo signals reflected
from the object;

a display configured to display a state of contact between
the object and the probe; and

a processor configured to determine, based on the ultra-
sound echo signals, whether the probe is brought into
contact with the object and the state of contact between
the object and the probe, and to control the display to
display an indicator indicating a result of the determin-
ing.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the probe is tilted at a specific angle with respect to the
object.

3. The ultrasound diagnosis apparatus of claim 2, wherein
a first indicator indicates that tilting of the probe is about to
start according to the result of the determining.

4. The ultrasound diagnosis apparatus of claim 3, wherein
a second indicator indicates tilt information of the probe
according to the state of contact between the object and the
probe.

5. The ultrasound diagnosis apparatus of claim 4, further
comprising an input interface configured to receive a user
input for adjusting a tilt of the probe according to the second
indicator,

wherein the probe is tilted according to the received user
input.

6. The ultrasound diagnosis apparatus of claim 1, wherein
the display is further configured to comprise at least one of
a display device, an audio device, and a vibration device
equipped with haptic functions.

7. The ultrasound diagnosis apparatus of claim 3, wherein
an indication that the tilting of the probe is about to start is
transmitted via at least one of an image, a text, a voice, and
a vibration.

8. The ultrasound diagnosis apparatus of claim 4, wherein
the tilt information of the probe is transmitted via at least one
of an image, a text, and a voice.

9. The ultrasound diagnosis apparatus of claim 2, wherein
the processor is further configured to tilt the probe at a
specific angle and control the probe to repeat an operation of
transmitting the ultrasound signals respectively at positions
to which the probe is tilted and receiving the ultrasound echo
signals reflected from the object.

10. The ultrasound diagnosis apparatus of claim 1,
wherein the probe is positioned at a distal end of the
ultrasound diagnosis apparatus and is a transesophageal
echocardiography (TEE) probe for insertion into a body
cavity, further comprising a neck assembly that is connected
to the probe and bent.

11. A method of operating an ultrasound diagnosis appa-
ratus, the method comprising:
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moving a probe in close proximity to an object;
acquiring ultrasound data of the object;
determining whether the probe is brought into contact
with the object based on the acquired ultrasound data;
and
tilting the object according to a result of the determining.
12. The method of claim 11, further comprising display-
ing, when the probe is brought into contact with the object,
an indication that tilting of the probe is about to start.
13. The method of claim 12, further comprising:
displaying tilt information of the probe according to a
state in which the probe is brought into contact with the
object; and
entering a user input for adjusting a tilt of the probe
according to the displayed tilt information of the probe.
14. The method of claim 12, wherein an indication that
tilting of the probe is about to start is transmitted via at least
one of an image, a text, a voice, and a vibration.
15. The method of claim 13, wherein the tilt information
of the probe is transmitted via at least one of an image, a text,
and a voice.
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16. A method of operating an ultrasound diagnosis appa-
ratus, the method comprising:

moving a probe in close proximity to an object;
repeatedly tilting the probe;

acquiring ultrasound data of the object respectively at
positions to which the probe is tilted; and

comparing the acquired ultrasound data with one another.

17. The method of claim 16, wherein a relative position of
the probe with respect to the object is determined at a tilt
position where a region with respect to which the ultrasound
data is acquired has a largest area.

18. The method of claim 11, wherein, when the ultrasound
diagnosis apparatus comprises a transesophageal echocar-
diography (TEE) probe for insertion into a body cavity as the
probe, the moving of the probe in close proximity to the
object comprises inserting the probe into the body cavity and
bending a neck assembly connected to the probe positioned
at a distal end of the ultrasound diagnosis apparatus.
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