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(57) Provided are an ultrasound imaging apparatus
and a method of controlling the same. The ultrasound
imaging apparatus includes: a probe configured to trans-
mit ultrasound signals to an object and receive echo sig-
nals corresponding to the ultrasound signals; a display;
and at least one processor configured to detect a refer-
ence region of a medical tool inserted into the object in

an ultrasound image generated based on the echo sig-
nals, control the display to display at least one dis-
tance-indicating line arranged with respect to the refer-
ence region in the ultrasound image, and update a posi-
tion of the at least one distance-indicating line according
to movement of the medical tool.
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Description

BACKGROUND

1. Field

[0001] The disclosure relates to ultrasound imaging
apparatuses, and more particularly, to ultrasound imag-
ing apparatuses for displaying at least one distance-in-
dicating line.

2. Description of Related Art

[0002] Ultrasound diagnostic apparatuses transmit ul-
trasound 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.

SUMMARY

[0003] Provided are ultrasound imaging apparatuses
and methods of controlling the same, which are capable
of displaying at least one distance-indicating line with re-
spect to a medical tool according to movement of the
medical tool, and computer program products
[0004] 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 presented embodiments.
[0005] In accordance with an aspect of the disclosure,
an ultrasound imaging apparatus includes: a probe con-
figured to transmit ultrasound signals to an object and
receive echo signals corresponding to the ultrasound sig-
nals; a display; and at least one processor configured to
detect a reference region of a medical tool inserted into
the object in an ultrasound image generated based on
the echo signals, control the display to display at least
one distance-indicating line arranged with respect to the
reference region in the ultrasound image, and update a
position of the at least one distance-indicating line ac-
cording to movement of the medical tool.
[0006] The at least one processor may be further con-
figured to control the display to display the at least one
distance-indicating line at set intervals with respect to the
reference region of the medical tool.
[0007] The at least one processor may be further con-
figured to control the display to display distance informa-
tion about a distance from the reference region of the
medical tool to each of the at least one distance-indicating
line.
[0008] The reference region of the medical tool may
be at least a portion of the medical tool including a region
where a distal end of the medical tool is located, and the
at least one processor may be further configured to con-
trol the display to display the at least one distance-indi-
cating line according to its distance from a border of the

reference region or from a center of the reference region.
[0009] The at least one processor may be further con-
figured to control the display to visually display the ref-
erence region of the medical tool and fixedly display, in
response to reception of an input of fixing a distance-
indicating line, the at least one distance-indicating line
currently being displayed, regardless of the movement
of the medical tool.
[0010] The at least one processor may be further con-
figured to control the display to visually display the ref-
erence region of the medical tool and hide, in response
to reception of an input of hiding a distance-indicating
line, the at least one distance-indicating line currently be-
ing displayed.
[0011] The at least one processor may be further con-
figured to provide a user interface for setting at least one
of conditions for respectively setting at least one of the
number of the at least one distance-indicating line, a
shape of the at least one distance-indicating line, an in-
terval between the at least one distance-indicating line,
and the reference region of the medical tool.
[0012] The condition for setting the reference region
of the medical tool may include at least one from among
a width, an area and a shape of the reference region and
whether to set the reference region as a dot.
[0013] The shape of the at least one distance-indicat-
ing line may include at least one from among a color, a
transparency, and a pattern of the at least one distance-
indicating line, and a transparency with respect to a dis-
tance of each of the at least one distance-indicating line
from the reference region of the medical tool.
[0014] The at least one processor may be further con-
figured to control the display to display at least one dis-
tance-indicating line arranged with respect to a preset
region in the ultrasound image.
[0015] The at least one processor may be further con-
figured to control the display to visually display at least
one region of interest (ROI) in the ultrasound image and
display distance information about a distance from the
reference region of the medical tool to each of the at least
one ROI.
[0016] The at least one processor may be further con-
figured to control the display to display an extension line
extending a long axis of the medical tool and display at
least one of a line connecting a distal end of the medical
tool to each of at least one ROI, distance information
about a distance from the distal end of the medical tool
to each of the at least one ROI, and information about a
shortest distance from the extension line to each of the
at least one ROI.
[0017] In accordance with another aspect of the dis-
closure, a method of controlling an ultrasound imaging
apparatus includes: detecting a reference region of a
medical tool inserted into an object in an ultrasound im-
age of the object; displaying at least one distance-indi-
cating line arranged with respect to the reference region
in the ultrasound image; and updating a position of the
at least one distance-indicating line according to move-
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ment of the medical tool.
[0018] In accordance with another aspect of the dis-
closure, a computer program product includes a record-
ing medium having stored therein instructions for per-
forming: detecting a reference region of a medical tool
inserted into an object in an ultrasound image of the ob-
ject; displaying at least one distance-indicating line ar-
ranged with respect to the reference region in the ultra-
sound image; and updating a position of the at least one
distance-indicating line according to movement of the
medical tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other aspects, features, and ad-
vantages of certain embodiments of the disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating an ultrasound
imaging apparatus according to an embodiment of
the disclosure;
FIGS. 2A, 2B, and 2C are diagrams respectively il-
lustrating an ultrasound imaging apparatus accord-
ing to an embodiment of the disclosure;
FIG. 3 is a diagram for explaining a method, per-
formed by the ultrasound imaging apparatus, of dis-
playing at least one distance-indicating line, accord-
ing to an embodiment of the disclosure;
FIG. 4 illustrates a structure of an ultrasound imaging
apparatus according to an embodiment of the dis-
closure;
FIG. 5 is a flowchart of a method, performed by an
ultrasound imaging apparatus, of displaying at least
one distance-indicating line, according to an embod-
iment of the disclosure;
FIG. 6 is a diagram for explaining various shapes of
distance-indicating lines that can be displayed by an
ultrasound imaging apparatus, according to an em-
bodiment of the disclosure;
FIG. 7 is a diagram for explaining various shapes of
grid-type distance-indicating lines that can be dis-
played by an ultrasound imaging apparatus, accord-
ing to an embodiment of the disclosure;
FIG. 8 is a diagram for explaining a method, per-
formed by an ultrasound imaging apparatus, of dis-
playing at least one distance-indicating line with re-
spect to a medical tool, according to an embodiment
of the disclosure;
FIGS. 9A and 9B are diagrams for explaining a meth-
od, performed by an ultrasound imaging apparatus,
of displaying at least one distance-indicating line with
respect to a medical tool or a preset region, accord-
ing to an embodiment of the disclosure;
FIG. 10 is a diagram for explaining a method, per-
formed by an ultrasound imaging apparatus, of dis-
playing at least one distance-indicating line together
with distance information by determining at least a

portion of a medical tool as a reference region, ac-
cording to an embodiment of the disclosure;
FIG. 11 is a diagram for explaining operations of an
ultrasound imaging apparatus in a distance-indicat-
ing line fixed mode and in a distance-indicating line
hidden mode, according to an embodiment of the
disclosure;
FIGS. 12A and 12B are diagrams for explaining a
method, performed by an ultrasound imaging appa-
ratus, of displaying information about a distance from
a medical tool to each of at least one region of interest
(ROI), according to an embodiment of the disclosure;
FIG. 13 is a diagram for explaining a method, per-
formed by an ultrasound imaging apparatus, of dis-
playing information about a distance between a med-
ical tool and at least one ROI in various ways, ac-
cording to an embodiment of the disclosure; and
FIG. 14 is a diagram for explaining a method, per-
formed by an ultrasound imaging apparatus, of dis-
playing a distance-indicating line together with dis-
tance information, according to an embodiment of
the disclosure.

DETAILED DESCRIPTION

[0020] Certain exemplary embodiments are described
in greater detail below with reference to the accompany-
ing drawings.
[0021] In the following description, the same drawing
reference numerals are used for the same elements even
in different drawings. The matters defined in the descrip-
tion, such as detailed construction and elements, are pro-
vided to assist in a comprehensive understanding of ex-
emplary embodiments. Thus, it is apparent that exem-
plary embodiments can be carried out without those spe-
cifically defined matters. Also, well-known functions or
constructions are not described in detail since they would
obscure exemplary embodiments with unnecessary de-
tail.
[0022] Terms such as "part" and "portion" used herein
denote those that may be embodied by software or hard-
ware. 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. Expressions such as "at least one of," when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.
[0023] In exemplary embodiments, an image may in-
clude any medical image acquired by various medical
imaging apparatuses such as a magnetic resonance im-
aging (MRI) apparatus, a computed tomography (CT) ap-
paratus, an ultrasound imaging apparatus, or an X-ray
apparatus.
[0024] 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 a part of a human, that is, an organ or tissue, or
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a phantom.
[0025] Throughout the specification, an ultrasound im-
age refers to an image of an object processed based on
ultrasound signals transmitted to the object and reflected
therefrom.
[0026] In the present specification, a ’medical tool’ re-
fers to a tool that is inserted into an object during a med-
ical activity. Examples of the medical tool may include a
medical needle, a biopsy needle, a tube, a catheter, etc.
The type of medical tool is not limited to the above-de-
scribed examples, and may include various tools.
[0027] Throughout the specification, an ’ultrasound im-
aging apparatus’ may be used interchangeably with an
’ultrasound diagnosis apparatus.’
[0028] Hereinafter, embodiments will be described in
more detail with reference to the accompanying draw-
ings.
[0029] FIG. 1 is a block diagram illustrating a configu-
ration of an ultrasound imaging apparatus 100, i.e., a
diagnostic apparatus, according to an exemplary embod-
iment.
[0030] Referring to FIG. 1, the ultrasound imaging ap-
paratus 100 may include a probe 20, an ultrasound trans-
ceiver 110, a controller 120, an image processor 130,
one or more displays 140, a storage 150, e.g., a memory,
a communicator 160, i.e., a communication device or an
interface, and an input interface 170.
[0031] The ultrasound imaging apparatus 100 may be
of a cart-type or a portable-type ultrasound imaging ap-
paratus, which is portable, moveable, mobile, or hand-
held. Examples of a portable-type ultrasound imaging
apparatus may include a smart phone, a laptop compu-
ter, a personal digital assistant (PDA), and a tablet per-
sonal computer (PC), each of which may include a probe
and a software application, but embodiments are not lim-
ited thereto.
[0032] The probe 20 may include a plurality of trans-
ducers. The plurality of transducers may transmit ultra-
sound signals to an object 10 in response to transmitting
signals received by the probe 20, from a transmitter 113.
The plurality of transducers may receive ultrasound sig-
nals reflected from the object 10 to generate reception
signals. In addition, the probe 20 and the ultrasound im-
aging apparatus 100 may be formed in one body (e.g.,
disposed in a single housing), or the probe 20 and the
ultrasound imaging apparatus 100 may be formed sep-
arately (e.g., disposed separately in separate housings)
but linked wirelessly or via wires. In addition, the ultra-
sound imaging apparatus 100 may include one or more
probes 20 according to embodiments.
[0033] The controller 120 may control the transmitter
113 for the transmitter 113 to generate transmitting sig-
nals to be applied to each of the plurality of transducers
based on a position and a focal point of the plurality of
transducers included in the probe 20.
[0034] The controller 120 may control an ultrasound
receiver 115 to generate ultrasound data by converting
reception signals received from the probe 20 from analog

to digital signals and summing the reception signals con-
verted into digital form, based on a position and a focal
point of the plurality of transducers.
[0035] The image processor 130 may generate an ul-
trasound image by using ultrasound data generated from
the ultrasound receiver 115.
[0036] The display 140 may display a generated ultra-
sound image and various pieces of information proc-
essed by the ultrasound imaging apparatus 100. The ul-
trasound imaging apparatus 100 may include two or more
displays 140 according to the present exemplary embod-
iment. The display 140 may include a touch screen in
combination with a touch panel.
[0037] The controller 120 may control the operations
of the ultrasound imaging apparatus 100 and flow of sig-
nals between the internal elements of the ultrasound im-
aging apparatus 100. The controller 120 may include a
memory for storing a program or data to perform functions
of the ultrasound imaging apparatus 100 and a processor
and/or a microprocessor (not shown) for processing the
program or data. For example, the controller 120 may
control the operation of the ultrasound imaging apparatus
100 by receiving a control signal from the input interface
170 or an external apparatus.
[0038] The ultrasound imaging apparatus 100 may in-
clude the communicator 160 and may be connected to
external apparatuses, for example, servers, medical ap-
paratuses, and portable devices such as smart phones,
tablet personal computers (PCs), wearable devices, etc.,
via the communicator 160.
[0039] The communicator 160 may include at least one
element capable of communicating with the external ap-
paratuses. For example, the communicator 160 may in-
clude at least one among a short-range communication
module, a wired communication module, and a wireless
communication module.
[0040] The communicator 160 may receive a control
signal and data from an external apparatus and transmit
the received control signal to the controller 120 so that
the controller 120 may control the ultrasound imaging
apparatus 100 in response to the received control signal.
[0041] The controller 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 controller 120.
[0042] For example, the external apparatus connected
to the ultrasound imaging apparatus 100 may process
the data of the external apparatus in response to the con-
trol signal of the controller 120 received via the commu-
nicator 160.
[0043] A program for controlling the ultrasound imag-
ing apparatus 100 may be installed in the external appa-
ratus. The program may include command languages to
perform part of operation of the controller 120 or the entire
operation of the controller 120.
[0044] The program may be pre-installed in the exter-
nal apparatus or may be installed by a user of the external
apparatus by downloading the program from a server
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that provides applications. The server that provides ap-
plications may include a recording medium where the
program is stored.
[0045] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound imaging
apparatus 100, input and/or output ultrasound data, ul-
trasound images, applications, etc.
[0046] The input interface 170 may receive a user’s
input to control the ultrasound imaging 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 manipulating buttons, keypads, mice, track-
balls, jog switches, or knobs, inputs for touching a touch-
pad 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.
[0047] An example of the ultrasound imaging appara-
tus 100 according to the present exemplary embodiment
is described below with reference to FIGS. 2A, 2B, and
2C.
[0048] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound imaging apparatus according to an exemplary
embodiment.
[0049] Referring to FIGS. 2A and 2B, the ultrasound
imaging apparatus 100a or 100b may include a main dis-
play 121 and a sub-display 122. At least one of 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 informa-
tion processed by the ultrasound imaging apparatus
100a or 100b. 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
imaging apparatus 100a or 100b. 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 imaging apparatus 100a or 100b may
control the display of the ultrasound image on the main
display 121 by using the input control data.
[0050] Referring to FIG. 2B, the ultrasound imaging
apparatus 100b 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 imaging apparatus 100b 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 detected during scanning an ultrasound
image, the ultrasound imaging apparatus 100b may keep
displaying a frame image at that time point.
[0051] 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.
[0052] Referring to FIG. 2C, an ultrasound imaging ap-
paratus 100c may include a portable device. An example
of a portable ultrasound imaging apparatus may include,
for example, smart phones including probes and appli-
cations, laptop computers, personal digital assistants
(PDAs), or tablet PCs, but an exemplary embodiment is
not limited thereto.
[0053] The ultrasound imaging apparatus 100c 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 ultra-
sound image, various pieces of information processed
by the ultrasound imaging apparatus 100c, and a GUI.
[0054] A concept of a method of operating an ultra-
sound imaging apparatus will now be described in detail
with reference to FIG. 3.
[0055] FIG. 3 is a diagram for explaining a method,
performed by an ultrasound imaging apparatus, of dis-
playing at least one distance-indicating line, according
to an embodiment of the disclosure.
[0056] FIG. 3 shows an ultrasound image 300 dis-
played by the ultrasound imaging apparatus according
to an embodiment of the disclosure. A medical tool 310
inserted into an object and a region of interest (ROI) 330
of the object are depicted in the ultrasound image 300.
[0057] According to an embodiment of the disclosure,
the ultrasound imaging apparatus may detect a reference
region 312 of the medical tool 310 in the ultrasound image
300, display at least one distance-indicating line 320 ar-
ranged around the reference region 312 in the ultrasound
image 300, and update a position of the at least one dis-
tance-indicating line 320 according to movement of the
medical tool 310. For example, as shown in FIG. 3, the
ultrasound imaging apparatus may determine a distal
end of the medical tool 310 as the reference region 312
and display the at least one distance-indicating line 320
with respect to the reference region 312. While FIG. 3
illustrates an example in which the number of distance-
indicating lines 320 excluding a circle with the reference
region 312 indicated therein is four (4), the ultrasound
imaging apparatus may display one or more distance-
indicating lines 320. The number of distance-indicating
lines 320 may be determined automatically or by a user
input.
[0058] When a user performs a medical activity of in-
serting the medical tool 310 into the object, the ultrasound
imaging apparatus needs to display a scale or a guide
for guiding the medical tool 310 in the ultrasound image
300 to allow the user to easily control the medical tool
310. For example, while performing a medical activity,
the user may frequently perform caliper measurements
by using the ultrasound imaging apparatus. The ultra-
sound imaging apparatus may assist the user in control-
ling the medical tool 310 by using a method of displaying
a grid fixed regardless of real-time movement of the med-
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ical tool 310 across the entire ultrasound image 300.
However, according to this method, the user has to tem-
porarily suspend a medical activity in order to perform a
caliper measurement during the medical activity. Further-
more, because the grid is fixedly displayed in the ultra-
sound image 300, the user has difficulties in identifying
a relation between the medical tool 310 and the surround-
ing tissue when the medical tool 310 moves over the
object.
[0059] According to various embodiments of the dis-
closure, the ultrasound imaging apparatus may display,
with respect to the medical tool 310, at least one distance-
indicating line whose position is updated according to
movement of the medical tool 310 across the ultrasound
image 300. Thus, when performing a medical activity of
inserting the medical tool 310 into the object, the user
may move the medical tool 310 without suspending the
medical activity and easily identify a distance between
the medical tool 310 and the surrounding tissue in real-
time.
[0060] FIG. 4 illustrates a structure of an ultrasound
imaging apparatus 400 according to an embodiment of
the disclosure.
[0061] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may include a
probe 410, a display 420, and a processor 430.
[0062] The ultrasound imaging apparatus 400 may be
implemented in the form of an ultrasound imaging sys-
tem, a general-purpose computer, a portable terminal,
or a kiosk. For example, the ultrasound imaging system
may be implemented as the ultrasound imaging appara-
tus 100 of FIG. 1, the ultrasound imaging apparatus 100a
of FIG. 2A, the ultrasound imaging apparatus 100b of
FIG. 2B, or the ultrasound imaging apparatus 100c of
FIG. 2C.
[0063] The probe 410 may acquire ultrasound image
data for generating an ultrasound image of an object. For
example, the probe 410 may transmit ultrasound signals
to the object and receive echo signals corresponding to
the transmitted ultrasound signals. The received echo
signals may be used to generate an ultrasound image of
the object as data for generating an ultrasound image of
the object. According to an embodiment of the disclosure,
the probe 410 may correspond to the probe 20 of FIG. 1.
[0064] The display 420 may display an ultrasound im-
age of the object. According to an embodiment of the
disclosure, the display 420 may correspond to the display
140 of FIG. 1.
[0065] The processor 430 may control all operations
of the ultrasound imaging apparatus 400 and process
data. The processor 430 may include one or more proc-
essors. According to an embodiment of the disclosure,
the processor 430 may be formed as a single processor
or a plurality of processors for controlling the probe 410
and performing an operation of processing ultrasound
signals. According to an embodiment of the disclosure,
the processor 430 may correspond to the image proces-
sor 130 or a combination of the image processor 130 and

the controller 120 described with reference to FIG. 1.
[0066] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may provide a UI
that allows the user to control the ultrasound imaging
apparatus 400. The UI may be provided in various forms.
For example, the ultrasound imaging apparatus 400 may
include the sub-display 122 of FIGS. 2A or 2B, and the
UI may be provided as a control panel displayed by the
sub-display 122 as a GUI. Furthermore, the ultrasound
imaging apparatus 400 may include the control panel 165
of FIG. 2B, and the UI may be provided by buttons, track-
balls, jog switches, knobs, etc. in the control panel 165.
Furthermore, the display 420 of the ultrasound imaging
apparatus 400 may be combined with a touch panel to
form a touch screen, and the UI may be provided via a
GUI displayed on the display 420.
[0067] According to an embodiment of the disclosure,
the processor 430 may detect a reference region of a
medical tool inserted into the object in an ultrasound im-
age generated based on the echo signals, display at least
one distance-indicating line arranged with respect to the
reference region in the ultrasound image, and update a
position of the at least one distance-indicating line ac-
cording to movement of the medical tool.
[0068] According to an embodiment of the disclosure,
the processor 430 may display on the display 420 the at
least one distance-indicating line at set intervals with re-
spect to the reference region of the medical tool. An in-
terval between the at least one distance-indicating line
may be automatically set by the ultrasound imaging ap-
paratus 400 or may be set by a user input. According to
an embodiment of the disclosure, an interval between
the at least one distance-indicating line may be set based
on the number of the at least one distance-indicating line.
According to an embodiment of the disclosure, the
number of the at least one distance-indicating line may
be set based on an interval between the at least one
distance-indicating line.
[0069] According to an embodiment of the disclosure,
the processor 430 may control the display 420 to display
information about a distance from the reference region
of the medical tool to each of the at least one distance-
indicating line.
[0070] According to an embodiment of the disclosure,
the reference region of the medical tool may be at least
a portion of the medical tool including a region where a
distal end of the medical tool is located, and the processor
430 may control the display 420 to display the at least
one distance-indicating line according to its distance from
a border or center of the reference region.
[0071] According to an embodiment of the disclosure,
the processor 430 may control the display 420 to visually
display a reference region of the medical tool and fixedly
display, in response to reception of an input of fixing a
distance-indicating line, at least one distance-indicating
line currently being displayed, regardless of movement
of the medical tool.
[0072] According to an embodiment of the disclosure,
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the processor 430 may control the display 420 to visually
display a reference region of a medical tool and hide cur-
rently displayed at least one distance-indicating line in
response to reception of an input of hiding a distance-
indicating line.
[0073] According to an embodiment of the disclosure,
the processor 430 may provide a UI for setting at least
one condition from among conditions for respectively set-
ting the number and shape of at least one distance-indi-
cating line, an interval between the at least one distance-
indicating line, and a reference region of a medical tool.
[0074] According to an embodiment of the disclosure,
a condition for setting a reference region of a medical
tool may include at least one among a width, an area,
and a shape of the reference region, and whether to set
the reference region as a dot.
[0075] According to an embodiment of the disclosure,
the shape of at least one distance-indicating line may
include at least one from among a color, a transparency,
and a pattern of the at least one distance-indicating line,
and a transparency with respect to a distance of each of
the at least one distance-indicating line from a reference
region of a medical tool.
[0076] According to an embodiment of the disclosure,
the processor 430 may control the display 420 to display
at least one distance-indicating line arranged with re-
spect to a preset region in an ultrasound image.
[0077] According to an embodiment of the disclosure,
the processor 430 may control the display 420 to visually
display at least one ROI in an ultrasound image and dis-
play information about a distance from a reference region
of a medical tool to each of the at least one ROI.
[0078] According to an embodiment of the disclosure,
the processor 430 may control the display 420 to display
an extension line extending a long axis of a medical tool
and at least one of a line connecting a distal end of the
medical tool to at least one ROI, information about a dis-
tance between the distal end of the medical tool and the
at least one ROI, and information about a shortest dis-
tance between the extension line and the at least one
ROI.
[0079] A detailed example of a method of operating
the ultrasound imaging apparatus 400 will be described
below with reference to FIGS. 5 through 14.
[0080] FIG. 5 is a flowchart of a method, performed by
an ultrasound imaging apparatus, of displaying at least
one distance-indicating line, according to an embodiment
of the disclosure.
[0081] The ultrasound imaging apparatus 400 may de-
tect a reference region of a medical tool that is inserted
into an object in an ultrasound image generated based
on echo signals received via the probe 410 (operation
510).
[0082] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may detect a med-
ical tool inserted into an object in an ultrasound image.
In other words, the ultrasound imaging apparatus 400
may detect in real-time a position and a region where the

medical tool is displayed in the ultrasound image. For
example, the ultrasound imaging apparatus 400 may de-
tect a medical tool by performing analysis of an ultra-
sound image generated based on echo signals received
via the probe 410.
[0083] Furthermore, the ultrasound imaging apparatus
400 may detect a medical tool by using a technique for
detecting an object by using an electromagnetic field. For
example, an electromagnetic field generator may be lo-
cated adjacent to the medical tool and create an electro-
magnetic field in a predetermined range of a region. The
electromagnetic field generator may create a three-di-
mensional (3D) coordinate system in a region where the
object and the medical tool are located. The medical tool
may include an electromagnetic sensor for detecting an
electromagnetic field. The ultrasound imaging apparatus
400 may include a tracker for acquiring information about
a position of the medical tool and its movement direction.
The electromagnetic sensor of the medical sensor may
detect an electromagnetic field created by the electro-
magnetic field generator and provide the tracker with in-
formation about a position of the medical tool, which is
detected in a 3D space. The ultrasound imaging appa-
ratus 400 may detect the medical tool inserted into the
object in an ultrasound image generated based on echo
signals received via the probe 410, based on information
about the position of the medical tool and its movement
direction, which is acquired by the tracker.
[0084] In addition, a method, performed by the ultra-
sound imaging apparatus 400, of detecting a medical tool
in an ultrasound image is not limited the above-described
examples, and various other methods may be used to
detect a medical tool in an ultrasound image.
[0085] The ultrasound imaging apparatus 400 may de-
tect a reference region of the detected medical tool.
[0086] The reference region of the medical tool is a
region used as a reference for displaying at least one
distance-indicating line in the ultrasound image. The ref-
erence region of the medical tool may be at least a portion
of a region where the medical tool is displayed in the
ultrasound image.
[0087] According to an embodiment of the disclosure,
the reference region of the medical tool may be a distal
end of the medical tool or at least a portion of the medical
tool including a region where the distal end of the medical
tool is located. For example, when the medical tool is a
medical needle, the reference region of the medical tool
may be a needle tip or at least a portion of the needle
including the needle tip.
[0088] According to an embodiment of the disclosure,
a reference region of the medical tool may be set by the
user. For example, the user may set a condition for setting
a reference region of the medical tool via a UI provided
by the ultrasound imaging apparatus 400. The condition
for setting the reference region of the medical tool may
include at least one from among a width, an area, and a
shape of the reference region, and whether to set the
reference region as a dot. In other words, the user may
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set at least a portion of a region where the medical tool
is displayed in an ultrasound image as the reference re-
gion.
[0089] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may detect only
the reference region of the medical tool inserted into the
object in the ultrasound image instead of detecting the
entire medical tool therein.
[0090] The ultrasound imaging apparatus 400 may
control the display 420 to display_at least one distance-
indicating line arranged with respect to the reference re-
gion in the ultrasound image (operation 520).
[0091] At least one distance-indicating line means at
least one indicating line arranged with respect to the ref-
erence region such that a position of the medical tool with
respect to tissues of the object surrounding the medical
tool may be easily identified.
[0092] The number and shape of at least one distance-
indicating line, an interval between the at least one dis-
tance-indicating line, etc. may be determined in various
ways. For example, the at least one distance-indicating
line may be displayed as at least one circle having a
center of the reference region as its center.
[0093] Furthermore, the at least one distance-indicat-
ing line may be displayed in a shape corresponding to
that of the reference region. For example, when the ref-
erence region is of a round rectangular shape with round
corners, each of the at least one distance-indicating line
may be displayed as a round rectangle with a center of
the reference region as its center and round corners.
[0094] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may visually dis-
play a region where the medical tool is located or the
reference region of the medical tool. For example, the
ultrasound imaging apparatus 400 may display a border
of the region where the medical tool is located or a border
of the reference region of the medical tool. The ultrasound
imaging apparatus 400 may display a border of the region
where the medical tool is located or the reference region,
thereby allowing easy identification of a position and
movement of the medical tool as well as a region used
as a reference for displaying distance information regard-
ing at least one distance line.
[0095] Various types of the at least one distance-indi-
cating line will be described in more detail below with
reference to FIGS. 6 through 8.
[0096] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may display dis-
tance information about a distance from the reference
region of the medical tool to each of the at least one
distance-indicating line. By displaying the above-de-
scribed distance information, the ultrasound imaging ap-
paratus 400 may quantitatively identify a position of the
medical tool with respect to tissues surrounding the med-
ical tool.
[0097] According to an embodiment of the disclosure,
a condition for displaying at least one distance-indicating
line may be set by the user. For example, the user may

set a condition for displaying at least one distance-indi-
cating line via a UI provided by the ultrasound imaging
apparatus 400. The condition for displaying at least one
distance-indicating line may include at least one from
among the number and shape of the at least one dis-
tance-indicating line and an interval between the at least
one distance-indicating line.
[0098] For example, the shape of the at least one dis-
tance-indicating line may include at least one from among
a color, a transparency, and a pattern of the at least one
distance-indicating line, and a transparency with respect
to a distance of each of the at least one distance-indicat-
ing line from the reference region of the medical tool.
[0099] Furthermore, according to an embodiment of
the disclosure, the ultrasound imaging apparatus 400
may display in an ultrasound image at least one distance-
indicating line arranged with respect to a preset region
other than the reference region of the medical tool. The
preset region may be set by the user via a UI provided
by the ultrasound imaging apparatus 400. For example,
the preset region may be any of various ROIs such as
tissues, lesions, etc., in the object.
[0100] By displaying the at least one distance-indicat-
ing line arranged with respect to the preset region, the
ultrasound imaging apparatus 400 may visually display
a relative position of the medical tool with respect to the
preset region.
[0101] Various types of the at least one distance-indi-
cating line arranged with respect to the preset region and
methods of displaying the at least one distance-indicating
line may respectively correspond to various types of at
least one distance-indicating line arranged with respect
to the reference region of the medical tool and methods
of displaying the at least one distance-indicating line.
[0102] The ultrasound imaging apparatus 400 may up-
date a position of the at least one distance-indicating line
according to movement of the medical tool (operation
530).
[0103] As the user manipulates the medical tool, the
position of the medical tool moves over the ultrasound
image. As described with reference to operation 520, the
ultrasound imaging apparatus 400 may detect in real-
time a position and a region where the medical tool or
the reference region of the medical tool is displayed in
the ultrasound image.
[0104] As the position of the reference region of the
medical tool changes in the ultrasound image due to
movement of the medical tool, the ultrasound imaging
apparatus 400 may display at least one distance-indicat-
ing line with respect to the reference region having the
changed position. In other words, the ultrasound imaging
apparatus 400 may update a position of the at least one
distance-indicating line according to movement of the
medical tool.
[0105] The ultrasound imaging apparatus 400 may up-
date the position of the at least one distance-indicating
line as the medical tool moves, thereby allowing the user
to move, when performing a medical activity of inserting
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the medical tool into the object, the medical tool without
suspending the medical activity and easily identify a dis-
tance between the medical tool and the surrounding tis-
sue in real-time.
[0106] FIG. 6 is a diagram for explaining various
shapes of distance-indicating lines that can be displayed
by the ultrasound imaging apparatus 400, according to
an embodiment of the disclosure
[0107] As described with reference to operation 520 of
FIG. 5, the number and shape of at least one distance-
indicating line, an interval between the at least one dis-
tance-indicating line, etc. may be determined in various
ways. Furthermore, a border of a region where a medical
tool is located or a border of a reference region of the
medical tool may be displayed.
[0108] Referring to 601 of FIG. 6, for example, at least
one distance-indicating line 616 may be displayed as at
least one circle, each having a center of a reference re-
gion 614 as its center, wherein a distal end of a medical
tool 612 is determined as the reference region 614.
[0109] 601 of FIG. 6 shows an example in which the
number of at least one distance-indicating line 616 ex-
cluding a circle with the reference region 614 indicated
therein is four (4). The at least one distance-indicating
line 616 may be displayed according to its distance from
a border or center of the reference region 614.
[0110] The at least one distance-indicating line 616
may be displayed at regular intervals from the border of
the reference region 614. For example, when the refer-
ence region 614 is a circle with a radius r and an interval
between the at least one distance-indicating line 616 is
L, the at least one distance-indicating line 616 may be
four circles respectively having radii of r+L, r+2L, r+3L,
and r+4L.
[0111] Furthermore, unlike in 601 of FIG. 6, the refer-
ence region 614 of the medical tool 612 may not be dis-
played as a circle and may be depicted in various ways,
e.g., by displaying the center of the reference region 614
as a dot. Alternatively, the reference region 614 may not
be displayed.
[0112] Furthermore, the at least one distance-indicat-
ing line 616 may be displayed as at least one circle at
regular intervals, each circle having the center of the ref-
erence region 614 as its center. For example, when an
interval between the at least one distance-indicating line
616 is L, the at least one distance-indicating line 616 may
be four circles respectively having radii of L, 2L, 3L, and
4L.
[0113] Furthermore, the number of the at least one dis-
tance-indicating line 616 is not limited to the example
shown in 601 of FIG. 6 but may be determined in various
other ways.
[0114] The ultrasound imaging apparatus 400 may dis-
play the at least one distance-indicating line 616 circularly
around the reference region 614 as shown in 601 of FIG.
6, thereby allowing easy identification of a position or
distance of the reference region 614 of the medical tool
612 relative to tissue and an ROI 618 of the object. For

example, a distance from the distal end of the medical
tool 612 to the tissue or ROI 618 of the object may be
visually identified.
[0115] Referring to 602 of FIG. 6, for example, each of
at least one distance-indicating line 626 may be dis-
played as a round rectangle having a center of a refer-
ence region 624 as its center and round corners, wherein
the reference region 624 is at least a portion of a medical
tool 622 including a region where a distal end of the med-
ical tool 622 is located.
[0116] 602 of FIG. 6 shows an example in which the
number of at least one distance-indicating line 626 ex-
cluding one with the reference region 624 indicated there-
in is four (4). The at least one distance-indicating line 626
may be displayed according to its distance from a border
or center of the reference region 624.
[0117] The at least one distance-indicating line 626
may be displayed at regular intervals from a border of
the reference region 624. For example, when an interval
between the at least one distance-indicating line 626 is
L, the at least one distance-indicating line 626 may be
respectively displayed with intervals of L, 2L, 3L, and 4L
away from the reference region 624.
[0118] Furthermore, unlike in 602 of FIG. 6, the refer-
ence region 624 of the medical tool 622 may not be dis-
played as a round rectangle and may be depicted in var-
ious other shapes, e.g., by displaying the center of the
reference region 624 as a dot. Alternatively, the reference
region 624 may not be displayed. The at least one dis-
tance-indicating line 626 may be displayed as at least
one round rectangle with round corners at regular inter-
vals, each round rectangle having the center of the ref-
erence region 624 as its center.
[0119] Furthermore, the number of the at least one dis-
tance-indicating line 626 is not limited to the example
shown in 602 of FIG. 6 but may be determined in various
other ways.
[0120] Referring to 601 and 602 of FIG. 6, the at least
one distance-indicating line (616 or 626) may be dis-
played in a shape corresponding to that of the reference
region 614 or 624 of the medical tool (612 or 622). For
example, when the reference region 614 of the medical
tool 612 has a circular shape as shown in 601 of FIG. 6,
the at least one distance-indicating line 616 may also be
displayed as at least one circle. When the reference re-
gion 624 of the medical tool 622 has a round rectangular
shape as shown in 602 of FIG. 6, the at least one dis-
tance-indicating line 626 may also be displayed as at
least one round rectangle with round corners. A shape
of a reference region of a medical tool and a method of
displaying at least one distance-indicating line in a shape
corresponding to that of the reference region are not lim-
ited to the above-described examples but may be deter-
mined in various other ways.
[0121] The ultrasound imaging apparatus 400 may dis-
play the at least one distance-indicating line 626 as at
least one rectangle with round corners at specific inter-
vals from the reference region 624 as shown in 602 of
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FIG. 6, thereby allowing easy identification of a position
or distance of the reference region 624 of the medical
tool 622 relative to tissue and an ROI 628 of the object.
For example, a distance from at least a portion of the
medical tool 622 including a distal end of the medical tool
622 to the tissue or ROI 628 of the object may be visually
identified.
[0122] Referring to 603 of FIG. 6, for example, at least
one distance-indicating line 636 may be at least one line
perpendicular to a long axis of a medical tool 632.
[0123] Referring to 603 of FIG. 6, a region where the
medical tool 632 is located is determined as a reference
region 634 of the medical tool 632, and a border of the
reference region 634 is displayed.
[0124] 603 of FIG. 6 shows an example in which the
number of the at least one distance-indicating line 636
excluding one with the reference region 634 indicated
therein is thirteen (13). The at least one distance-indicat-
ing line 636 is perpendicular to the long axis of the medical
tool 632, and thus, is shown as being perpendicular to a
long line of the border of the reference region 634.
[0125] The at least one distance-indicating line 636
may be displayed at regular intervals across the refer-
ence region 634. Furthermore, the at least one distance-
indicating line 636 may not cross the reference region
634 but may be displayed in front of a distal end of the
medical tool 632. 603 of FIG. 6 shows an example in
which nine (9) lines of the at least one distance-indicating
line 636 cross the reference region 634 while four (4)
lines do not cross the same.
[0126] Each of the at least one distance-indicating line
636 may be a line of the same length. However, the type
of the at least one distance-indicating line 636 shown as
being perpendicular to the long axis of the medical tool
632 is not limited to the example shown in 603 of FIG. 6
but may be determined in various ways. For example,
the number of the at least one distance-indicating line
636, the number of distance-indicating lines displayed
before the distal end of the medical tool 632, an interval
between the at least one distance-indicating line 636,
etc. may be determined in various ways.
[0127] Furthermore, each of the at least one distance-
indicating line 636 may have a different length, and the
at least one distance-indicating line 636 may have irreg-
ular intervals therebetween. For example, as a distance
from the distal end of the medical tool 632 increases, an
interval between the at least one distance-indicating line
636 may decrease or increase.
[0128] Referring to 604 of FIG. 6, for example, at least
one distance-indicating line may include a line 646-2 ex-
tending from a distal end of a medical tool 642 along (or
parallel to) a long axis of the medical tool 642.
[0129] Referring to 604 of FIG. 6, a region where the
medical tool 642 is located is determined as a reference
region 644 of the medical tool 642, and a border of the
reference region 644 is displayed.
[0130] The line 646-2 extending from the distal end of
the medical tool 642 may visually indicate a region where

the distal end of the medical tool 642 is to be positioned
when the medical tool 642 moves linearly in a direction
that the long axis of the medical tool 642 is currently ori-
ented.
[0131] The line 646-2 extending from the distal end of
the medical tool 642 may include at least one scale mark
perpendicular to the line 646-2. The at least one scale
mark may be displayed at regular intervals.
[0132] Furthermore, the at least one distance-indicat-
ing line may include at least one scale mark 646-1 on the
border of the reference region 644 of the medical tool
642. The at least one scale mark 646-1 may be displayed
on or parallel to a long line of the border of the reference
region 644 at regular intervals.
[0133] The ultrasound imaging apparatus 400 may dis-
play at least one distance-indicating line in various
shapes as shown in 601 through 604 of FIG. 6, thereby
allowing visual identification of a position or distance of
a reference region of a medical tool relative to tissue and
an ROI of the object according to various methods.
[0134] In addition, the shapes of at least one distance-
indicating line are not limited to the examples shown in
601 through 604 of FIG. 6, but may be determined as
various other shapes. For example, the at least one dis-
tance-indicating line may be displayed in a grid form, as
described in more detail below with reference to FIG. 7.
[0135] Furthermore, the user may use a UI provided
by the ultrasound imaging apparatus 400 to select one
of various shapes of distance-indicating lines or set at
least one from among the number and shape of at least
one distance-indicating line, an interval between the at
least one distance-indicating line, and a condition for set-
ting a reference region of a medical tool. A condition for
setting a reference region of a medical tool may include
at least one from among a width, an area, and a shape
of the reference region, and whether to set the reference
region as a dot.
[0136] The shape of at least one distance-indicating
line may include at least one from among a color, a trans-
parency, and a pattern of the at least one distance-indi-
cating line, and a transparency with respect to a distance
of each of the at least one distance-indicating line from
a reference region of a medical tool. For example, the
user may use a UI to set the ultrasound imaging appa-
ratus 400 to display at least one distance-indicating line
as a solid line pattern or dashed line pattern and set a
transparency of the at least one distance-indicating line
to increase or decrease as a distance from a reference
region of a medical tool increases. Characteristics that
may be set by the user with respect to at least one dis-
tance-indicating line via a UI is not limited to the above-
described examples, and may be determined in various
ways.
[0137] FIG. 7 is a diagram for explaining various
shapes of grid-type distance-indicating lines that can be
displayed by the ultrasound imaging apparatus 400, ac-
cording to an embodiment of the disclosure.
[0138] FIG. 7 shows an example in which regions
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where medical tools 712, 722, 732, and 742 are located
are respectively determined as reference regions 714,
724, 734, and 744 of the medical tools 712, 722, 732,
and 742, and borders of the reference regions 714, 724,
734, and 744 are displayed.
[0139] Referring to 701 of FIG. 7, according to an em-
bodiment of the disclosure, the ultrasound imaging ap-
paratus 400 may display a grid-type distance-indicating
line 716 with respect to the reference region 714 of the
medical tool 712.
[0140] An interval of the grid-type distance-indicating
line 716, the number of horizontal and vertical lines in
the grid-type distance-indicating line 716, and a distance
from the reference region 714 to a point up to which the
grid-type distance-indicating line 716 is displayed, etc.,
may be determined in various ways. For example, as
shown in 701 of FIG. 7, the ultrasound imaging apparatus
400 may display, in front of a distal end of the medical
tool 712, horizontal or vertical lines of the grid-type dis-
tance-indicating line 716 up to only a point that is at a
preset distance away from the distal end of the medical
tool 712.
[0141] By displaying a grid-type distance-indicating
line 718 in only a portion of an ultrasound image with
respect to the medical tool 712, as shown in 701 of FIG.
7, the ultrasound imaging apparatus 400 may clearly dis-
play the rest of the ultrasound image where the grid-type
distance-indicating line 718 is not displayed and simul-
taneously provide visual information about a distance re-
lation between the medical tool 712 and its surroundings.
[0142] As described with reference to operation 530 of
FIG. 5, as the position of the reference region 714 of the
medical tool 712 changes in the ultrasound image due
to movement of the medical tool 712, the ultrasound im-
aging apparatus 400 may display the grid-type distance-
indicating line 718 with respect to the reference region
714 having the changed position. By updating a position
of the grid-type distance-indicating line 718 with respect
to the reference region 714 according to the movement
of the medical tool 712, the ultrasound imaging apparatus
400 may provide in real-time visual information about a
distance relation between the medical tool 712 and either
the surrounding tissue or an ROI.
[0143] Various types of grid-type distance-indicating
lines will now be described in more detail with reference
to 702 of FIG. 7 through 704 of FIG. 7.
[0144] Referring to 702 of FIG. 7, for example, a grid-
type distance-indicating line 726 may include a first re-
gion 727 where grid lines are not displayed. In other
words, the grid-type distance-indicating line 726 shown
in 702 of FIG. 7 is different from the grid-type distance-
indicating line 716 shown in 701 of FIG. 7 in that grid
lines are not only displayed in the first region 727.
[0145] The first region 727 may be a region centered
around a distal end of the medical tool 722. Furthermore,
as shown in 702 of FIG. 7, a line extending from the distal
end of the medical tool 722 along (or parallel to) a long
axis of the medical tool 722 may be displayed in the first

region 727 of the grid-type distance-indicating line 726.
[0146] The ultrasound imaging apparatus 400 may dis-
play, with respect to a distal end of the medical tool 722,
the grid-type distance-indicating line 726 including the
first region 727 where grid lines are not displayed, as
shown in 702 of FIG. 7, thereby clearly displaying a region
surrounding the distal end of the medical tool 722 in an
ultrasound image and simultaneously providing visual in-
formation about a distance relation between the medical
tool 722 and its surroundings. For example, grid lines
may not be displayed in the first region 727 such that an
ROI 728 surrounding the distal end of the medical tool
722 may be clearly visible.
[0147] Referring to 703 of FIG. 7, a grid-type distance-
indicating line 736 may be only displayed in a portion of
surroundings of the medical tool 732.
[0148] As shown in 703 of FIG. 7, by displaying the
grid-type distance-indicating line 736 only in a portion of
a region surrounding the distal end of the medical tool
732, the ultrasound imaging apparatus 400 may inten-
sively provide visual information about a distance relation
between the distal end of the medical tool 732 and its
surrounding area.
[0149] Referring to 704 of FIG. 7, for example, the ul-
trasound imaging apparatus 400 may display information
about a distance from a distal end of the medical tool 742
to each of the grid lines in a grid-type distance-indicating
line 746. The grid-type distance-indicating line 746
shown in 704 of FIG. 7 may be obtained by adjusting the
interval of the grid-type distance-indicating line 716
shown in 701 of FIG. 7.
[0150] Referring to 704 of FIG. 7, shortest distance in-
formation is displayed for grid lines respectively having
shortest distances of 5 millimeters (mm), 10 mm, and 15
mm from the distal end of the medical tool 742. As shown
in 747 of FIG. 7, pieces of distance information respec-
tively regarding grid lines arranged in front of the distal
end of the medical tool 742 are indicated as ’5’ and ’10’ ,
and the mm that is a unit of distance is displayed at the
top right corner of an ultrasound image.
[0151] A method, performed by the ultrasound imaging
apparatus 400, of displaying distance information regard-
ing each of the grid lines in the grid-type distance-indi-
cating line 746 is not limited to the example shown in 704
of FIG. 7. For example, although 704 of FIG. 7 shows an
example in which only a piece of distance information is
displayed for each grid line, a plurality of pieces of dis-
tance information may be displayed for each grid line.
Furthermore, distance information about a distance from
the reference region 744 of the medical tool 742 may be
displayed. The distance information may be displayed
together with a unit of distance, and the unit of distance
is not limited to mm but may be determined as various
other distance units such as a centimeter (cm).
[0152] In addition, the shape of a grid-type distance-
indicating line is not limited to the examples shown in 701
through 704 of FIG. 7, and may be determined as various
other shapes. For example, the number of grid lines in a
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grid-type distance-indicating line, an interval between
grid lines, a color of each grid line, etc. may be determined
in various ways and may be set by a user via a UI provided
by the ultrasound imaging apparatus 400.
[0153] FIG. 8 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 400, of
displaying at least one distance-indicating line with re-
spect to a medical tool, according to an embodiment of
the disclosure.
[0154] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may display at
least one distance-indicating line at set intervals with re-
spect to a reference region of a medical tool.
[0155] A method, performed by the ultrasound imaging
apparatus 400, of determining and displaying an interval
between at least one distance-indicating line having a
circular shape in various ways will now be described in
detail with reference to FIG. 8. In other words, at least
one distance-indicating lines816, 826, 836, and 846
shown in FIG. 8 may be a modified form of the at least
one distance-indicating line 616 shown in 601 of FIG. 6.
[0156] Referring to 801 of FIG. 8, at least one distance-
indicating line 816 may be displayed as at least one circle,
each having a center of a reference region 814 as its
center, wherein a distal end of a medical tool 812 is de-
termined as the reference region 814.
[0157] Referring to 802 of FIG. 8, at least one distance-
indicating line 826 may include a first distance-indicating
line 826-1 displayed at a first distance from a reference
region 824, and an interval between the at least one dis-
tance-indicating line 826 may be a second distance dif-
ferent from the first distance.
[0158] For example, as shown in 802 of FIG. 8, the
ultrasound imaging apparatus 400 may clearly display
surroundings of the reference region 824 by not display-
ing a distance-indicating line up to a point that is at the
first distance away from the reference region 824 of the
medical tool 822 and simultaneously display the at least
one distance-indicating line 826 behind the point that is
at the first distance from the reference region 824.
[0159] Referring to 803 and 804 of FIG. 8, the number
of and an interval between at least one distance-indicat-
ing line may be determined in various ways.803 of FIG.
8 shows at least one distance-indicating line 836 having
a wider interval therebetween than the at least one dis-
tance-indicating line 816 shown in 801 of FIG. 8. 804 of
FIG. 8 shows at least one distance-indicating line 846
having a narrower interval therebetween than the at least
one distance-indicating line 816 shown in 801 of FIG. 8.
Furthermore, while the number of the at least one dis-
tance-indicating line 816 in 801 of FIG. 8 is three (3), the
numbers of the at least one distance-indicating line 836
in 803 of FIG. 8 and the at least one distance-indicating
line 846 in 804 of FIG. 8 are respectively four (4) and six
(6).
[0160] In addition, a method of displaying at least one
distance line by adjusting an interval therebetween is not
limited to the examples shown in 801 through 804 of FIG.

8, and various other methods may be used. For example,
an interval between each of the at least one distance-
indicating line may be determined differently. As a dis-
tance from a reference region of a medical tool increases,
an interval between the at least one distance-indicating
line may decrease or increase. Furthermore, an interval
between at least one distance-indicating line may be set
by a user via a UI provided by the ultrasound imaging
apparatus 400.
[0161] As described with reference to FIGS. 6 through
8, the ultrasound imaging apparatus 400 may display var-
ious types of at least one distance-indicating line.
[0162] Methods of operating the ultrasound imaging
apparatus 400 when at least one distance-indicating line
has a circular shape (e.g., the shape shown in 601 of
FIG. 6) or a round rectangular shape with round corners
(the shape shown in 602 of FIG. 6) will be described in
more detail below. However, the methods of operating
the ultrasound imaging apparatus 400 may also be ap-
plied even when the at least one distance-indicating line
does not have a circular or round rectangular shape.
[0163] FIGS. 9A and 9B are diagrams for explaining a
method, performed by the ultrasound imaging apparatus
400, of displaying at least one distance-indicating line
with respect to a medical tool or a preset region, accord-
ing to an embodiment of the disclosure.
[0164] Referring to FIG. 9A, the ultrasound imaging
apparatus 400 may determine a distal end of a medical
tool 912 as a reference region 914 and display at least
one distance-indicating line 916 with a center of the ref-
erence region 914 as its center.
[0165] By displaying the at least one distance-indicat-
ing line 916 with respect to the reference region 914 of
the medical tool 912, the ultrasound imaging apparatus
400 may allow the user to visually identify a position or
distance of the reference region 914 of the medical tool
912 relative to tissue or an ROI 918 of an object with
respect to the reference region 914 of the medical tool
912.
[0166] Referring to FIG. 9B, according to an embodi-
ment of the disclosure, the ultrasound imaging apparatus
400 may display at least one distance-indicating line 926
arranged around a preset region 924.
[0167] The preset region 924 refers to a region of the
object used as a reference in displaying the at least one
distance-indicating line 926. The preset region 924 may
be determined in various ways, and for example, may be
at least a portion of the ROI 918 of the object.
[0168] According to an embodiment of the disclosure,
the preset region 924 may be set by the user. For exam-
ple, the user may set the preset region 924 within the
object via a UI provided by the ultrasound imaging ap-
paratus 400.
[0169] Various types of the at least one distance-indi-
cating line 926 arranged with respect to the preset region
924 and methods of displaying the at least one distance-
indicating line 926 may respectively correspond to vari-
ous types of the at least one distance-indicating line 916
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arranged with respect to the reference region 914 of the
medical tool 912 and methods of displaying the at least
one distance-indicating line 916.
[0170] Furthermore, when the at least one distance-
indicating line 926 is displayed with respect to the preset
region 924, the ultrasound imaging apparatus 400 may
visually display a border 922 of the medical tool 912 such
that the medical tool 912 may be easily identified in an
ultrasound image.
[0171] By displaying the at least one distance-indicat-
ing line 926 with respect to the preset region 924, the
ultrasound imaging apparatus 400 may allow the user to
visually identify a position or distance of the medical tool
912 relative to tissue or the ROI 918 of the object with
respect to the preset region 924.
[0172] FIG. 10 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 400, of
displaying at least one distance-indicating line together
with distance information by determining at least a portion
of a medical tool as a reference region, according to an
embodiment of the disclosure.
[0173] Referring to FIG. 10, as described with refer-
ence to 602 of FIG. 6, the ultrasound imaging apparatus
400 may determine a portion of a medical tool 1010 in-
cluding a distal end 1012 of the medical tool 1010 as a
reference region 1014 and display at least one distance-
indicating line 1020 as at least one round rectangle with
round corners with respect to the reference region 1014.
[0174] The ultrasound imaging apparatus 400 may dis-
play distance information 1040 about a distance from the
reference region 1014 to each of the at least one dis-
tance-indicating line 1020.
[0175] For example, as shown in FIG. 10, the distance
information 1040 about a distance from the reference
region 1014 may be displayed for each of the at least
one distance-indicating line 1020 arranged at 5 mm in-
tervals away from the reference region 1014. mm that is
the unit of distance may be displayed together with a
numeral indicating a distance as shown in FIG. 10, or
may be indicated on a portion of the ultrasound image
as shown in 704 of FIG. 7.
[0176] A method of displaying the distance information
1040 in an ultrasound image is not limited to the example
shown in FIG. 10. For example, although FIG. 10 shows
that the distance information 1040 is displayed in front
of the distal end 1012 of the medical tool 1010, the dis-
tance information 1040 may be displayed using various
methods such as being indicated on a side of the medical
tool 1010 or the at least one distance-indicating line 1020.
[0177] A method, performed by the ultrasound imaging
apparatus 400, of respectively displaying distance infor-
mation regarding the at least one distance-indicating line
1020 is not limited to the example shown in FIG. 10. For
example, while FIG. 10 shows an example in which only
a piece of distance information is displayed for each of
the at least one distance-indicating line 1020, a plurality
of pieces of distance information may be displayed for
each of the at least one distance-indicating line 1020.

Furthermore, the distance information may be displayed
together with a unit of distance, and the unit of distance
is not limited to mm but may be determined as various
other distance units such as cm.
[0178] The ultrasound imaging apparatus 400 may dis-
play the distance information 1040 about a distance from
the reference region 1014 for each of the at least one
distance-indicating line 1020, such that a position of the
medical tool 1010 with respect to tissue or an ROI 1030
surrounding the medical tool 1010 may be identified
quantitatively.
[0179] FIG. 11 is a diagram for explaining operations
of the ultrasound imaging apparatus 400 in a distance-
indicating line fixed mode and in a distance-indicating
line hidden mode, according to an embodiment of the
disclosure.
[0180] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may display at
least one distance-indicating line by updating a position
of the at least one distance-indicating line according
movement of a medical tool. An operation mode in which
the ultrasound imaging apparatus 400 displays at least
one distance-indicating line by updating a position of the
at least one distance-indicating line according to move-
ment of a medical tool is referred to as a ’first operation
mode’.
[0181] In addition, according to an embodiment of the
disclosure, the ultrasound imaging apparatus 400 may
operate in a distance-indicating line fixed mode or in a
distance-indicating line hidden mode.
[0182] A distance-indicating line fixed mode is an op-
eration mode in which the ultrasound imaging apparatus
400 fixedly displays at least one distance-indicating line
and displays a changed position of a medical tool in an
ultrasound image at a predetermined time point or during
a predetermined time period.
[0183] A distance-indicating line hidden mode is an op-
eration mode in which the ultrasound imaging apparatus
400 display only a position of the medical tool while not
displaying at least one distance-indicating line in an ul-
trasound image at a predetermined time point or during
a predetermined time period.
[0184] While performing a medical activity, the user
may select an operation mode of the ultrasound imaging
apparatus 400 via a UI provided by the ultrasound imag-
ing apparatus 400. For example, the user may select an
operation mode by touching an icon for turning on/off a
distance-indicating line fixed mode or distance-indicating
line hidden mode on a UI.
[0185] Referring to 1101 of FIG. 11, a region 1110
where a medical tool is located is displayed as a refer-
ence region, and at least one distance-indicating line
1120 is displayed with respect to the reference region.
[0186] 1102 of FIG. 11 shows an operation of the ul-
trasound imaging apparatus 400 in a distance-indicating
line fixed mode. When the user selects, during a medical
activity, a distance-indicating line fixed mode and moves
the medical tool in a state in which an ultrasound image
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is displayed as shown in 1101 of FIG. 11, the at least one
distance-indicating line 1120 may remain displayed at a
position indicated as shown in 1101 of FIG. 11, and a
region 1112 where the medical tool is located may be
updated and displayed according to movement of the
medical tool.
[0187] By operating in a distance-indicating line fixed
mode, when the at least one distance-indicating line 1120
is being updated and displayed in real-time during a us-
er’s medical activity, the ultrasound imaging apparatus
400 may fixedly display the at least one distance-indicat-
ing line 1120 in a shape desired by the user while allowing
the user to perform the medical activity by identifying
movement of the medical tool.
[0188] Furthermore, when operating in the distance-
indicating line fixed mode, the ultrasound imaging appa-
ratus 400 may display the at least one distance-indicating
line 1120 in a shape different from that in the first oper-
ation mode. For example, in the distance-indicating line
fixed mode, the at least one distance-indicating line 1120
may be displayed as at least one dashed line or in a color
different from that in the first operation mode. A method
of displaying at least one distance-indicating line in a
color different from that in the first operation mode is not
limited to the above-described example, and various oth-
er methods may be used.
[0189] 1103 of FIG. 11 shows an operation of the ul-
trasound imaging apparatus 400 in a distance-indicating
line hidden mode. When the user selects, during a med-
ical activity, a distance-indicating line hidden mode in a
state in which the ultrasound image is displayed as shown
in 1101 of FIG. 11, the at least one distance-indicating
line 1120 may not be displayed, and the region 1112
where the medical tool is located may be updated and
displayed according to movement of the medical tool.
[0190] By operating in a distance-indicating line hidden
mode, when the at least one distance-indicating line 1120
is being updated and displayed in real-time during a us-
er’s medical activity, the ultrasound imaging apparatus
400 allows the user to clearly identify tissue surrounding
the medical tool during a predetermined time period.
[0191] FIGS. 12A and 12B are diagrams for explaining
a method, performed by the ultrasound imaging appara-
tus 400, of displaying information about a distance from
a medical tool to each of at least one ROI, according to
an embodiment of the disclosure.
[0192] An operation mode in which the ultrasound im-
aging apparatus 400 visually displays a medical tool and
at least ROI together with distance information about a
distance from the medical tool to each of the at least one
ROI is referred to as a ’second operation mode’.
[0193] Referring to FIG. 12A, the ultrasound imaging
apparatus 400 may visually display a medical tool 1210
and seven (7) ROIs 1221 through 1227. Furthermore,
the ultrasound imaging apparatus 400 may respectively
display pieces of distance information 1225-1, 1226-1
and 1227-1 about corresponding distances from a distal
end of a medical tool 1210 for three (3) ROIs 1225 through

1227.
[0194] The pieces of distance information 1225-1,
1226-1 and 1227-1 respectively regarding the three ROIs
1225 through 1227 may include lines 1225-2, 1226-2,
and 1227-2 respectively connecting the distal end of the
medical tool 1210 to the three ROIs 1225 through 1227
with shortest distances and information about the short-
est distances.
[0195] A method of displaying the pieces of distance
information 1225-1, 1226-1, and 1227-1 respectively re-
garding the three ROIs 1225 through 1227 is not limited
to the example shown in FIG. 12A, and various other
methods may be used. For example, a distance between
the distal end of the medical tool 1210 and a center of
each of the ROIs 1221 through 1227 may be displayed
instead of displaying a shortest distance therebetween
as distance information. Furthermore, the unit of distance
being displayed may be determined as various distance
units such as mm and cm. Furthermore, only a line con-
necting the distal end of the medical tool 1210 to each
of the ROIs 1221 through 1227 may be displayed without
a number indicating a distance therebetween.
[0196] Furthermore, referring to FIG. 12B, pieces of
distance information may not be displayed near the lines
1225-2, 1226-2, and 1227-2 respectively connecting the
distal end of the medical tool 1210 to the corresponding
ROIs 1225 through 1227,but may be displayed as a table
1230 representing distance information.
[0197] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may divide the
plurality of ROIs 1221 through 1227 into two groups and
visually display the two groups, and the table 1230 may
represent distance information regarding the ROIs 1221
through 1227 for each group.
[0198] For example, among the ROIs 1221 through
1227 shown in FIG. 12B, the ROIs 1221 and 1222 may
be determined as a first group, and the ROIs 1223
through 1227 may be determined as a second group. As
shown in FIG. 12B, the first group may be visually dis-
played differently in an ultrasound image from the second
group. In the table 1230 representing the distance infor-
mation, the distance information may be displayed for
each group.
[0199] The user may cluster a plurality of ROIs into
different groups via a UI provided by the ultrasound im-
aging apparatus 400.
[0200] Although FIGS. 12A and 12B do not show at
least one distance-indicating line for convenience, at
least one distance-indicating line according to various
embodiments of the disclosure may be displayed togeth-
er with distance information regarding ROIs. In other
words, the ultrasound imaging apparatus 400 may per-
form operations simultaneously in the first and second
operation modes.
[0201] FIG. 13 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 400, of
displaying information about a distance between a med-
ical tool and at least one ROI in various ways, according
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to an embodiment of the disclosure.
[0202] Referring to FIG. 13, as described with refer-
ence to FIG. 9B, at least one distance line 1330 arranged
around a preset region 1322 is displayed in an ultrasound
image. The preset region 1322 is a region corresponding
to a center of an ROI 1320. Furthermore, a border 1314
of a medical tool 1310 may be visually displayed.
[0203] According to an embodiment of the disclosure,
the ultrasound imaging apparatus 400 may display an
extension line 1340 extending from a distal end 1312 of
the medical tool 1310 along (or parallel to) a long axis of
the medical tool 1310. In other words, the ultrasound im-
aging apparatus 400 may display the extension line 1340
extending the long axis of the medical tool 1310.
[0204] Furthermore, the ultrasound imaging apparatus
400 may display information about a shortest distance
from the extension line 1340 to the preset region 1322
(hereinafter, referred to as a ’first distance 1352’). First
distance information may include a line 1350 indicating
the first distance 1352 and the first distance 1352.
[0205] Furthermore, the ultrasound imaging apparatus
400 may display information about a second distance
1342 that is a distance from the distal end 1312 of the
medical tool 1310 to a point where the line 1350 indicating
the first distance 1352 and the extension line 1340 meet
each other. Second distance information may include a
part of the extension line 1340 indicating the second dis-
tance 1342 and the second distance 1342.
[0206] Furthermore, the ultrasound imaging apparatus
400 may display information about a shortest distance
from the distal end 1312 of the medical tool 1310 to the
preset region 1322 (hereinafter, referred to as a ’third
distance 1362’). Third distance information may include
a line 1360 indicating the third distance 1362 and the
third distance 1362.
[0207] An operation mode in which the ultrasound im-
aging apparatus 400 displays the first distance informa-
tion, the second distance information, and the third dis-
tance information as described above is referred to as a
third operation mode.
[0208] By performing an operation in the third opera-
tion mode, the ultrasound imaging apparatus 400 allows
the user to identify a distance relation between the distal
end 1312 of the medical tool 1310 and the preset region
1322 according to various criteria.
[0209] In addition, a method, performed by the ultra-
sound imaging apparatus 400, of displaying the first dis-
tance information, the second distance information, and
the third distance information is not limited to the example
shown in FIG. 13, and various other methods may be
used. For example, a line indicating each piece of dis-
tance information may be displayed in a different color.
[0210] FIG. 14 is a diagram for explaining a method,
performed by an ultrasound imaging apparatus, of dis-
playing a distance-indicating line together with distance
information, according to an embodiment of the disclo-
sure.
[0211] According to an embodiment of the disclosure,

the ultrasound imaging apparatus 400 may simultane-
ously perform operations in the first through third opera-
tion modes. In other words, the ultrasound imaging ap-
paratus 400 may display at least one distance-indicating
line according to various embodiments of the disclosure
described with reference to FIGS. 5 through 13 and dis-
tance information simultaneously in an ultrasound image.
[0212] Referring to FIG. 14, at least one distance-indi-
cating line 1420 arranged around a medical tool 1410 is
displayed simultaneously with at least one distance-in-
dicating line 1440 arranged around a preset region 1430.
In other words, FIG. 14 shows an operation of the ultra-
sound imaging apparatus 400 in the first operation mode.
[0213] Furthermore, as described with reference to
FIG. 12B, lines respectively connecting a distal end 1412
of a medical tool 1410 to five (5) ROIs 1451 through 1455
are displayed. In other words, FIG. 14 shows an operation
of the ultrasound imaging apparatus 400 in the second
operation mode.
[0214] Furthermore, as described with reference to
FIG. 13, an extension line 1470 extending a long axis of
the medical tool 1410, a line 1472 indicating a shortest
distance from the extension line 1470 to the preset region
1430, a line 1432 indicating a shortest distance from the
distal end 1412 of the medical tool 1410 to the preset
region 1430, etc. are displayed in the ultrasound image.
In other words, FIG. 14 shows an operation of the ultra-
sound imaging apparatus 400 in the third operation
mode.
[0215] By simultaneously performing operations in the
first through third operation modes, the ultrasound imag-
ing apparatus 400 allows the user to identify a distance
relation between the medical tool 1410 and tissues of an
object in the ultrasound image according to various cri-
teria.
[0216] Furthermore, the user may use a UI provided
by the ultrasound imaging apparatus 400 to turn on or
off at least one of the first through third operation modes.
[0217] Embodiments of the disclosure may be imple-
mented through non-transitory computer-readable re-
cording media having stored thereon computer-execut-
able instructions and data. The instructions may be
stored in the form of program code, and when executed
by a processor, generate a predetermined program mod-
ule to perform a specific operation. Furthermore, when
being executed by the processor, the instructions may
perform specific operations according to the embodi-
ments of the disclosure.

Claims

1. An ultrasound imaging apparatus comprising:

a probe configured to transmit ultrasound sig-
nals to an object and receive echo signals cor-
responding to the ultrasound signals;
a display; and
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at least one processor configured to:

detect a reference region of a medical tool
inserted into the object in an ultrasound im-
age generated based on the echo signals;
control the display to display at least one
distance-indicating line arranged with re-
spect to the reference region in the ultra-
sound image; and
update a position of the at least one dis-
tance-indicating line according to move-
ment of the medical tool.

2. The ultrasound imaging apparatus of claim 1, where-
in the at least one processor is further configured to
control the display to display the at least one dis-
tance-indicating line at set intervals with respect to
the reference region of the medical tool.

3. The ultrasound imaging apparatus of claim 1 or 2,
wherein the at least one processor is further config-
ured to control the display to display distance infor-
mation about a distance from the reference region
of the medical tool to each of the at least one dis-
tance-indicating line.

4. The ultrasound imaging apparatus of any of claims
1-3, wherein the reference region of the medical tool
is at least a portion of the medical tool comprising a
region where a distal end of the medical tool is lo-
cated, and
wherein the at least one processor is further config-
ured to control the display to display the at least one
distance-indicating line according to its distance
from a border of the reference region or from a center
of the reference region.

5. The ultrasound imaging apparatus of any of the pre-
vious claims, wherein the at least one processor is
further configured to control the display to:

visually display the reference region of the med-
ical tool; and
fixedly display, in response to reception of an
input of fixing a distance-indicating line, the at
least one distance-indicating line currently being
displayed, regardless of the movement of the
medical tool.

6. The ultrasound imaging apparatus of any of the pre-
vious claims, wherein the at least one processor is
further configured to control the display to:

visually display the reference region of the med-
ical tool; and
hide, in response to reception of an input of hid-
ing a distance-indicating line, the at least one
distance-indicating line currently being dis-

played.

7. The ultrasound imaging apparatus of any of the pre-
vious claims, wherein the at least one processor is
further configured to provide a user interface for set-
ting at least one of conditions for respectively setting
at least one of the number of the at least one dis-
tance-indicating line, a shape of the at least one dis-
tance-indicating line, an interval between the at least
one distance-indicating line, and the reference re-
gion of the medical tool.

8. The ultrasound imaging apparatus of claim 7, where-
in the condition for setting the reference region of
the medical tool comprises at least one from among
a width, an area, and a shape of the reference region
and whether to set the reference region as a dot.

9. The ultrasound imaging apparatus of claim 7 or 8,
wherein the shape of the at least one distance-indi-
cating line comprises at least one from among a
color, a transparency, and a pattern of the at least
one distance-indicating line, and a transparency with
respect to a distance of each of the at least one dis-
tance-indicating line from the reference region of the
medical tool.

10. The ultrasound imaging apparatus of any of the pre-
vious claims, wherein the at least one processor is
further configured to control the display to display at
least one distance-indicating line arranged with re-
spect to a preset region in the ultrasound image.

11. The ultrasound imaging apparatus of any of the pre-
vious claims, wherein the at least one processor is
further configured to control the display to:

visually display at least one region of interest
(ROI) in the ultrasound image; and
display distance information about a distance
from the reference region of the medical tool to
each of the at least one ROI.

12. The ultrasound imaging apparatus of any of the pre-
vious claims, wherein the at least one processor is
further configured to control the display to:

display an extension line extending a long axis
of the medical tool; and
display at least one of a line connecting a distal
end of the medical tool to each of at least one
region of interest (ROI), distance information
about a distance from the distal end of the med-
ical tool to each of the at least one ROI, and
information about a shortest distance from the
extension line to each of the at least one ROI.

13. A method of controlling an ultrasound imaging ap-
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paratus, the method comprising:

detecting a reference region of a medical tool
inserted into an object in an ultrasound image
of the object;
displaying at least one distance-indicating line
arranged with respect to the reference region in
the ultrasound image; and
updating a position of the at least one distance-
indicating line according to movement of the
medical tool.

14. The method of claim 13, wherein the displaying of
the at least one distance-indicating line comprises
displaying the at least one distance-indicating line at
set intervals with respect to the reference region of
the medical tool.

15. A computer program product comprising a recording
medium having stored therein instructions for:

detecting a reference region of a medical tool
inserted into an object in an ultrasound image
of the object;
displaying at least one distance-indicating line
arranged with respect to the reference region in
the ultrasound image; and
updating a position of the at least one distance-
indicating line according to movement of the
medical tool.
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