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7) ABSTRACT

A workstation, a medical imaging apparatus and a control
method thereof are disclosed. In accordance with one aspect
of the present disclosure, the workstation includes a display
apparatus and a controller configured to receive respiration
information of an object, determine an acquisition section of
magnetic resonance (MR) data related to the object based on
the respiration information. The controller is also configured
to control the display apparatus to display the respiration
information of the object and the acquisition section, and
display a user interface configured to change the displayed
acquisition section according to a user’s operation com-
mand.
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WORKSTATION, MEDICAL IMAGING
APPARATUS, AND CONTROLLING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2016-0104375, filed on Aug. 17,
2016 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Technical Field

[0002] Embodiments of the present disclosure relate to a
work station for generating medical images based on respi-
ration information of a target object, a medical imaging
apparatus, and a control method thereof.

2. Description of the Related Art

[0003] In general, a medical imaging apparatus is a device
that acquires a medical image by imaging the inside of a
target object, and makes the acquired medical image avail-
able for diagnosis. Specifically, the medical imaging appa-
ratus captures and processes structural details, internal tis-
sue, and fluid flow within a body and presents them to a user.
[0004] A user such as a doctor may diagnose a health
condition and a disease of a patient by using a medical image
outputted from a medical imaging apparatus. As the accu-
racy of the medical image increases, a patient’s condition
may be more accurately judged. Accordingly, various meth-
ods for acquiring a medical image that minimizes an influ-
ence of a patient’s condition have been studied as a method
for acquiring clearer medical images.

SUMMARY

[0005] Therefore, it is an aspect of the present disclosure
to provide a workstation, a medical imaging apparatus and
a controlling method of the medical imaging apparatus,
which acquires a medical image with minimized artifacts
caused by movement of an object.

[0006] In accordance with one aspect of the present dis-
closure, a workstation may include a display apparatus; and
a controller configured to receive respiration information of
an object, determine an acquisition section of magnetic
resonance (MR) data related to the object based on the
respiration information, and control the display apparatus to
display the respiration information of the object and the
acquisition section, and display a user interface configured
to change the displayed acquisition section according to a
user’s operation command.

[0007] The controller may modify a protocol to corre-
spond to the changed acquisition section when the displayed
acquisition section is changed according to the user’s opera-
tion command, and acquires MR data according to the
modified protocol.

[0008] The controller may control the display apparatus to
display the user interface implemented so that the displayed
acquisition section and the changed acquisition section are
provided together when the displayed acquisition section is
changed according to the user’s operation command.
[0009] The controller may control the display apparatus to
display the user interface implemented so that the displayed
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acquisition section and the changed acquisition section are
displayed differently when the displayed acquisition section
is changed according to the user’s operation command.
[0010] The controller may control the display apparatus to
display the user interface implemented so that the displayed
acquisition section and at least one of a color and a trans-
parency of the changed acquisition section are set differ-
ently.

[0011] The controller may identify a change in an acqui-
sition time and an acquisition length constituting the acqui-
sition section when the displayed acquisition section is
changed, and changes a parameter value related to a protocol
according to the identification result.

[0012] The controller may control the display apparatus to
display the user interface implemented to provide a message
as to whether to modify a protocol according to the changed
acquisition section when the displayed acquisition section is
changed according to the user’s operation command.
[0013] The controller may control the display apparatus to
display the user interface implemented to display the acqui-
sition section using at least one of an arrow, a line, a symbol,
and a polygonal shape.

[0014] In accordance with another aspect of the present
disclosure, a workstation may include a display apparatus;
and a controller configured to receive respiration informa-
tion of an object, determine a respiration state of the object,
determine an acquisition section of magnetic resonance
(MR) data based on the respiration information of the object
and the respiration state of the object, and control the display
apparatus to display the respiration information and the
acquisition section of the MR data, and display a user
interface implemented to receive a confirmation command
indicating whether to set an imaging protocol to correspond
to the displayed acquisition section.

[0015] The controller may set the protocol to correspond
to the acquisition section when receiving a confirmation
command from the user, and acquires MR data according to
the set protocol.

[0016] The controller may control the display apparatus to
display the user interface implemented to provide at least
one of the acquisition section according to a predetermined
protocol according to whether the protocol is pre-set and the
acquisition section determined by the respiratory status
[0017] The controller may control the display apparatus to
display the user interface implemented so that the acquisi-
tion section according to the predetermined protocol and at
least one of a color and a transparency automatically deter-
mined according to the respiration status are set differently.
[0018] The controller may automatically determine the
acquisition section using a respiration slope determined
based on the respiration information and controls the display
apparatus to display the user interface implemented to
provide a message as to whether to set the protocol to
correspond to the automatically determined acquisition sec-
tion.

[0019] The controller may modify or set the protocol to
correspond to any one of the acquisition section according to
the predetermined protocol and the acquisition section deter-
mined according to the respiration status.

[0020] In accordance with the other aspect of the present
disclosure, a controlling method of a medical imaging
apparatus may include receiving respiration information of
an object; determining an acquisition section of magnetic
resonance (MR) data related to the object based on the
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respiration information; displaying the respiration informa-
tion of the object and the acquisition section of the MR data
related to the object; displaying a user interface imple-
mented on a display apparatus that permits a user to change
the displayed acquisition section according to an operation
command from the user; modifying an imaging protocol to
correspond to the changed acquisition section when the
displayed acquisition section is changed according to the
operation command of the user, and acquiring MR data
according to the modified imaging protocol.

[0021] The displaying may include displaying the user
interface implemented on the display apparatus configured
to provide the displayed acquisition section and the changed
acquisition section together, when the displayed acquisition
section is changed according to the user’s operation com-
mand.

[0022] The controlling method of a medical imaging appa-
ratus may further include determining a respiration state
based on respiration information of an object; and determin-
ing an acquisition section of MR data according to the
determined respiration state and displaying a user interface
implemented on a display apparatus to receive confirmation
of whether to set a protocol to correspond to the determined
acquisition section.

[0023] The displaying may include displaying a user inter-
face implemented on the display apparatus to provide at
least one of the acquisition section according to the prede-
termined protocol and the acquisition section determined
according to the respiration status.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and/or other aspects of the disclosure will
become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

[0025] FIG. 1 is a schematic diagram of an MRI system.
[0026] FIG. 2 is a schematic diagram illustrating a work
space provided with a workstation.

[0027] FIG. 3 is a schematic diagram illustrating a process
of generating image data according to an exemplary embodi-
ment.

[0028] FIG. 41is a schematic diagram illustrating the inside
of a target object according to an embodiment.

[0029] FIG. 5 is a schematic diagram illustrating a change
in position of a diaphragm based on respiration of an object
according to an embodiment.

[0030] FIG. 6 a schematic diagram illustrating an acqui-
sition section for each respiration cycle according to an
embodiment.

[0031] FIG. 7 is a diagram illustrating a spirogram and an
acquisition section for a respiration cycle according to an
embodiment.

[0032] FIGS. 8A and 8B are diagrams illustrating that an
acquisition section is changed based on a protocol according
to an embodiment.

[0033] FIG. 9 to FIG. 14 are diagrams illustrating screens
displaying acquisition sections according to different
embodiments.

[0034] FIG. 15 is a diagram illustrating a screen display-
ing an acquisition section and a message together.

[0035] FIGS.16Aand 16B are diagrams for explaining the
determination of an acquisition section based on a respira-
tion slope according to different embodiments
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[0036] FIG. 17 is a diagram illustrating an acquisition
section and a screen displaying a message.

[0037] FIG. 18 is diagram for explaining an operational
flow of displaying a user interface on a display apparatus
configured to support the display and change of an acqui-
sition section based on respiration information.

[0038] FIG. 19 is a flowchart illustrating an operation flow
for displaying a user interface configured to set an acquisi-
tion section using a respiration state based on respiration
information and configured to display and confirm a set
acquisition section.

DETAILED DESCRIPTION

[0039] To clarify the scope of the present disclosure and
enable one of ordinary skill in the art to which the present
disclosure pertains to practice the present disclosure, the
principles of the present disclosure are described and exem-
plary embodiments thereof are disclosed herein. The dis-
closed exemplary embodiments may be implemented in
various forms.

[0040] Like reference numerals refer to like elements
throughout. General information in the art to which the
present disclosure pertains or overlapping information
between embodiments will be omitted. The terms “part” and
“portion” used herein may be implemented with software or
hardware. A plurality of “parts” or “portions” may be
implemented as a single unit or element according to
embodiments, or a single “part” or “portion” may include a
plurality of elements. Hereinafter, the principle of action and
embodiments of the present disclosure will be described.
[0041] The image herein may include a medical image
acquired by a medical imaging apparatus, such as a magnetic
resonance imaging (MRI) apparatus, a computed tomogra-
phy (CT) apparatus, an ultrasound imaging device, or an
x-ray imaging device.

[0042] An “object” herein refers to an object to be cap-
tured and may include a human being, an animal, or a part
thereof. For example, an object may include a part of a body
(an organ), a phantom, or the like.

[0043] A magnetic resonance imaging (MRI) system
acquires an magnetic resonance (MR) signal and restruc-
tures the acquired MR signal into an image. An MR signal
refers to a radio frequency (RF) signal emitted from an
object.

[0044] An MRI system has a main magnet forming a static
magnetic field, and aligns a magnetic dipole moment direc-
tion of a particular atomic nucleus of an object placed in the
static magnetic field to a direction of the static magnetic
field. A gradient coil may apply a gradient signal to the static
magnetic field, form a gradient magnetic field, and induce a
resonance frequency to be different for each portion of the
object.

[0045] An RF coil may radiate an RF signal corresponding
to a resonance frequency of a portion desired for image
acquisition. Also, as a gradient magnetic field is formed, the
RF coil may receive MR signals having different resonance
frequencies emitted from various portions of an object. By
the above steps, the MRI system acquires an image from MR
signals by using an image restoration technique.

[0046] FIG. 1 is a schematic diagram of an MRI system
and FIG. 2 is a schematic diagram illustrating a work space
provided with a workstation. The embodiment will be
described in connection with FIGS. 1 and 2 together to avoid
overlapping explanation.
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[0047] Referring to FIG. 1, a MRI system 1 may include
an operator 10, a controller 30, and a scanner 50. Here, the
controller 30 may be implemented independently as shown
in FIG. 1. Alternatively, the controller 30 may be divided
into a plurality of components and included in each com-
ponent of the MRI system 1. Hereinafter, each component
will be described in detail.

[0048] The scanner 50 may be embodied in a shape (for
example, a bore shape) in which an internal space is empty
and an object may be inserted. A static magnetic field and a
gradient magnetic field are formed in the internal space of
the scanner 50, and an RF signal is irradiated.

[0049] The scanner 50 may include a static magnetic field
former 51, a gradient magnetic field former 52, an RF coil
portion 53, a table 55 and a display 56. The static magnetic
field former 51 forms a static magnetic field for aligning
directions of magnetic dipole moments of atomic nuclei
included in an object to a direction of the static magnetic
field. The static magnetic field former 51 may be imple-
mented with a permanent magnet or may also be imple-
mented with a superconducting magnet using a cooling coil.
[0050] The gradient magnetic field former 52 is connected
to the controller 30. The gradient magnetic field former 52
applies a gradient to the static magnetic field according to a
control signal received from the controller 30 and forms a
gradient magnetic field. The gradient magnetic field former
52 includes an X-coil, a Y-coil, and a Z-coil forming a
gradient magnetic field in an X-axis direction, a Y-axis
direction, and a Z-axis direction perpendicular to one
another, and generates a gradient signal corresponding to a
capturing position to induce a resonance frequency to be
different for each portion of the object.

[0051] The RF coil portion 53 may be connected to the
controller 30, radiate an RF signal to the object according to
a control signal received from the controller 30, and receive
an MR signal emitted from the object. The RF coil portion
53 may transmit an RF signal having a frequency identical
to a precession frequency of an atomic nucleus performing
the precession toward the object having the atomic nucleus,
stop transmitting the RF signal, and receive an MR signal
emitted from the object.

[0052] The RF coil portion 53 may be separately imple-
mented as a transmission RF coil configured to generate an
electromagnetic wave having an RF corresponding to a type
of an atomic nucleus, and a reception RF coil configured to
receive an electromagnetic wave emitted from the atomic
nucleus. Alternatively, the RF coil portion 53 may also be
implemented as a single RF transmission-reception coil
having both transmitting and receiving functions. Also, a
separate coil may be mounted to the object, in addition to the
RF cail portion 53. For example, according to a capturing
portion or a mounting portion, a head coil, a spine coil, a
torso coil, a knee coil, or a type of coil specific to other body
parts may be used as the separate coil.

[0053] The display 56 may be provided at the outside
and/or the inside of the scanner 50. The display 56 may be
controlled by the controller 30 and provide a user or an
object with information related to medical imaging.

[0054] Also, the scanner 50 may include an object moni-
toring information acquirer configured to acquire and trans-
mit monitoring information related to a state of an object.
For example, the object monitoring information acquirer
(not illustrated) may acquire monitoring information related
to an object from a camera (not illustrated) configured to
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acquire the movement, position, and the like of the object,
a spirometer (not illustrated) configured to measure the
breath strength of the object, an electrocardiogram (ECG)
meter (not illustrated) configured to measure the ECG of the
object, or a thermometer (not illustrated) configured to
measure the body temperature of the object, and transmit the
acquired monitoring information to the controller 30.
Accordingly, the controller 30 may use the monitoring
information related to the object and control an operation of
the scanner 50. Hereinafier, the controller 30 will be
described.

[0055] The controller 30 may control an overall operation
of the scanner 50.

[0056] The controller 30 may control a sequence of signals
formed inside the scanner 50. The controller 30 may control
the gradient magnetic field former 52 or the RF coil portion
53 according to a pulse sequence received from the operator
10 or a designed pulse sequence.

[0057] A pulse sequence includes all the information
required to control the gradient magnetic field former 52 and
the RF coil portion 53. For example, a pulse sequence may
include information related to the intensity, duration, timing
and the like of a pulse signal applied to the gradient
magnetic field former 52.

[0058] The controller 30 may control the formation of a
gradient magnetic field by the gradient magnetic field former
52 by controlling a waveform generator (not illustrated)
configured to generate a gradient waveform, i.e., a current
pulse, according to a pulse sequence and a gradient amplifier
(not illustrated) configured to amplify a generated current
pulse and transmit the amplified current pulse to the gradient
magnetic field former 52.

[0059] The controller 30 may control the operation of the
RF coil portion 53. For example, the controller 30 may
supply an RF pulse of a resonance frequency to the RF coil
portion 53 and control the RF coil portion 53 to radiate an
RF signal, and receive an MR signal received by the RF coil
portion 53. Here, the controller 30 may control the operation
of a switch (e.g., a transmit/receive (T/R) switch) capable of
controlling transmitting and receiving directions by a control
signal and control RF signal radiation and MR signal
reception according to an operation mode.

[0060] The controller 30 may control the movement of the
table 55 on which an object is placed. Before capturing is
performed. the controller 30 may move the table 55 in
advance corresponding to a capturing portion of an object.
[0061] The controller 30 may control the display 56. For
example, the controller 30 may control an on/off state of the
display 56. a screen displayed on the display 56, or the like
by using a control signal.

[0062] The controller 30 may be implemented with a
memory or storage (not illustrated) configured to store an
algorithm for controlling operations of elements within the
MRI system 1 and data in a program form, and a processor
(not illustrated) configured to perform the above-described
operations by using the data stored in the memory. Here, the
memory/storage and the processor may be implemented
with separate chips. Alternatively, the memory/storage and
the processor may also be implemented with a single chip.
[0063] The operator 10 may control the overall operation
of the MRI system 1. The operator 10 may include an image
processor 11, an inputter 12, and an outputter 13.

[0064] The image processor 11 may use the memory/
storage to store an MR signal received from the controller 30
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and use an image processor to apply an image restoration
technique, thereby generating image data related to the
object from the stored MR signal.

[0065] For example, when a k-space (also referred to as a
Fourier space or a frequency space, for example) of the
memory/storage is filled with digital data and k-space data
is completed, the image processor 11 may apply various
image restoration techniques with an image processor (e.g.,
take inverse Fourier transform of the k-space data) and
restore the k-space data into image data.

[0066] Also, various types of signal processing applied to
an MR signal by the image processor 11 may be performed
in parallel. For example, a plurality of MR signals received
by a multi-channel RF coil may be processed in parallel to
be restored into image data. Meanwhile, the image processor
11 may store the restored image data in the memory/storage.
Alternatively, as will be described below, the controller 30
may store the restored image data in an external server
through a communicator 60.

[0067] The image data includes navigator image data and
medical image data. Here, the navigator image data means
image data used for tracking respiration of the object, and
the medical image data means image data used for gener-
ating a magnetic resonance image of the object. The navi-
gation data means an image reconstructed from digital data
obtained in a training stage, and the medical image data
means an image reconstructed from digital data acquired in
an imaging stage. A detailed description thereof will be
given later.

[0068] The inputter 12 may receive a control command
related to the overall operation of the MRI system 1 from a
user. For example, the inputter 12 may receive object
information, parameter information, scan conditions, pulse
sequence information, and the like from the user. The
inputter 12 may be implemented with a keyboard, a mouse,
a trackball, a voice recognizer, a gesture recognizer, a
touchscreen, or the like, or combination of at least two of
these components.

[0069] The outputter 13 may output image data generated
by the image processor 11. Also, the outputter 13 may output
a user interface (UI) configured so that the user may receive
a control command related to the MRI system 1. The
outputter 13 may be implemented with a speaker, a printer,
a display, or the like, or a combination of these components.
[0070] Additionally, although the operator 10 and the
controller 30 are illustrated as separate objects in FIG. 1, the
operator 10 and the controller 30 may also be included in a
single apparatus as described above. In addition, processes
performed by each of the operator 10 and the controller 30
may be performed by other objects. For example, the image
processor 11 may convert an MR signal received by the
controller 30 into a digital signal, or the controller 30 may
directly convert the received MR signal.

[0071] In one embodiment, at least one of the operator 10,
and the controller 30 may be included in a workstation.
Here, the workstation is referred to as a host device or a
console, and will be referred to as a workstation for conve-
nience of description in the above-described embodiments.
[0072] Some components of the MRI system 1 may be
divided into a separate scan room where the object is
scanned, and a control room that controls a scan of the
object. Accordingly, a user may acquire the desired infor-
mation through an image processing of an acquired medical
image as well as a scan of the object in the control room.
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[0073] Forexample, the workstation may be provided in a
separate work space. Referring to FIG. 2, the MRI system 1
may be divided into a scan room, in which the scanner 50 is
provided such that the object is scanned, and a control room,
in which a user’s control is performed, by a shielding wall
R2 and a shield glass R1.

[0074] In this case, the workstation may include a key-
board 124 that is one of the embodiments to implement the
inputter 12, a display apparatus 135 that is one of the
embodiments to implement the outputter 13, and at least one
of the operator 10 and the controller 30, and may be
provided in the control room.

[0075] However the workstation may not be provided only
in the control room. For example the process of controlling
scanning of the object may be provided in the control room,
and the image processing may be provided in a separate
room. At this time, the workstation provided in the control
room corresponds to a first workstation, and the workstation
provided in the separate room corresponds to a second
workstation. The workstation described below includes at
least one of the first workstation and the second workstation.
[0076] Meanwhile, the MRI system 1 includes the com-
municator 60 and may be connected via the communicator
60 to an external apparatus (not illustrated) (e.g., a server, a
medical apparatus, a portable device (a smartphone, a tablet
personal computer (PC), a wearable device, and the like).
[0077] The communicator 60 may include one or more
elements that enable communication with an external appa-
ratus, and may include, for example, one or more of a
short-range communication module (not illustrated), a wired
communication module 61, and a wireless communication
module 62. The short-range communication module may be
implemented with communication circuitry that is config-
ured to communicate via Bluetooth, Wi-Fi, or another
method. The wired communication module may be imple-
mented with communication circuitry that is configured to
communicate via Ethernet or another wired method. The
wired communication module may be implemented with
communication circuitry that is configured to communicate
via Wi-Fi, LTE, or other communication methods.

[0078] The communicator 60 may receive a control signal
and data from an external apparatus and transmit the
received control signal to the controller 30 so that the
controller 30 controls the MRI system 1 according to the
received control signal.

[0079] Alternatively, the controller 30 may transmit a
control signal via the communicator 60 to an external
apparatus and control the external apparatus according to the
control signal of the controller.

[0080] For example, the external apparatus may process
data generated by the MRI system according to the control
signal of the controller 30 received via the communicator 60.
[0081] A software program capable of controlling the MR
system 1 may be installed in the external apparatus, and the
program may include instructions for performing some or all
of the operations of the controller 30.

[0082] The software program may be installed in advance
in the external apparatus, or may be downloaded from a
server providing applications and installed by a user of the
external apparatus. The server providing applications may
include a recording medium having a corresponding pro-
gram stored therein.

[0083] In addition to the above-described operations, the
controller 30 may display a user interface on the display 56
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that allows the user to intuitively grasp an acquisition
section of MR data. Alternatively, the controller 30 may
display the user interface on a separate electronic device
such as a personal computer or a tablet. In addition, the
controller 30 may perform various operations such as gen-
erating medical image data by controlling an operation of
the components of the MRI system 1 according to a proto-
col. Hereinafter, a method for acquiring respiration infor-
mation and setting an acquisition section in order to generate
medical image data will be described in more detail.
[0084] FIG. 3 is a schematic diagram illustrating a process
of generating image data according to an exemplary embodi-
ment and FIG. 4 is a schematic diagram illustrating the
inside of a target object according to an embodiment. FIG.
5 is a schematic diagram illustrating a change in position of
a diaphragm based on respiration of an object according to
an embodiment, and FIG. 6 a schematic diagram illustrating
an acquisition section for each respiration cycle according to
an embodiment. The embodiment will be described together
to avoid overlapping explanation.

[0085] At least one of the operator 10 and the controller 30
may be included in the workstation or included in another
device. Therefore, the following description will be made on
the assumption that the operator 10 and the controller 30 are
included in the workstation, but the present invention is not
limited thereto.

[0086] The controller 30 may perform various operations
for acquiring the medical image data. For example, the
controller 30 may collect a MR signal radiated from an
object through the RF coil portion 53. In addition, the
controller 30 may preprocess the collected MR signals. In
one embodiment, the controller 30 may perform an opera-
tion of amplifying the MR signal. In addition, the controller
30 may convert an analog signal into an electrical signal,
that is, output it as digital data. Hereinafter, MR data is
referred to as MR data obtained by converting the MR signal
to digital data.

[0087] The controller 30 may acquire the MR data while
crossing a learning step and an imaging step. Hereinafter,
navigator MR data is data obtained in the learning step and
restored to the navigator image data, and medical MR data
is data obtained at the imaging step and restored into medical
image data. However, when there is no particular need to
divide them separately, the navigator MR data and the
medical MR data are unified into the MR data.

[0088] The MR signal received from the object may be
reconstructed into image data. The image data includes
navigator image data and a medical image data. Here, the
navigator image data means image data used for tracking the
respiration of the object, and medical image data means
image data used for medical diagnosis of the object. When
there is no particular need to divide them separately, the
navigator image data and the medical image data may be
unified into the image data.

[0089] The controller 30 may obtain respiration informa-
tion of the object by tracking a movement of an organ
generated by breathing, using the navigator image data. A
detailed description thereof will be given later.

[0090] The controller 30 may collect the navigator MR
data and the medical MR data at an intersection according to
the protocol. In other words, the controller 30 may collect
navigator MR data and medical MR data while crossing the
learning step and the imaging step according to a set
protocol. The protocol is a set of settings needed to acquire
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medical image data. In order to acquire the medical image
data, the learning step and the imaging step may be pet-
formed in an intersecting manner. Accordingly, the control-
ler 30 determines a respiration state of the object using the
navigator image data acquired in the learning step based on
the protocol, and minimizes artifacts of a restored medical
image data, that is, noise, by using the detection result in the
imaging step.

[0091] For example, the protocol may be set by a param-
eter associated with a setting of the acquisition section of the
MR data. At this time, the acquisition section may be
determined by at least one of an acquisition time and an
acquisition length. Therefore, the acquisition section may be
determined by parameters related to the acquisition time,
and parameters related to acquisition length. Parameters
related to the acquisition time and the acquisition length will
be described later in detail.

[0092] Referring to FIG. 3, the controller 30 may fill the
MR data on a k-space according to a protocol. The k-space
may be filled with raw data for generating one image data,
and the controller 30 may fill the k-space with raw data
collected according to the protocol, that is, MR data.

[0093] Acquisition of image data may be performed in
slice units. In other words, the amount of MR data acquired
in the acquisition section for each respiration cycle may be
set by the slice that is one of the parameters of the protocol.
The slice values may be the same or different for each
respiration cycle. For example, the sizes of a first slice S1
and a second slice S2 may be the same or different. The slice
value may be set the same for every respiration cycle or
differently for each respiration cycle.

[0094] When the k-space is filled with the slices S1, S2,
and Sn, the controller 30 may transmit the MR data, that is,
the k-space data, to the image processor 11. Then, the image
processor 11 may restore the k-space data into the image
data through the image restoration technique. Alternatively,
the controller 30 may restore the k-space data to image data
through an image restoration technique.

[0095] As the k-space is filled with the MR data received
when a motion of the object is at a minimum, the controller
30 can generate clearer image data. For example, when the
object is a living organism such as a person, an animal, or
the like, the more the k-space is filled with the MR data
received when the diaphragm movement is minimized, the
more the noise of the reconstructed image data is minimized.

[0096] The controller 30 may sequentially acquire the MR
data received from the object and fill in the k-space when
exhaled. In one embodiment, the controller 30 may acquire
MR data in units of slices S1, S2, and Sn as shown in FIG.
3. Since the slices S1, S2 to Sn filling the k-space are
separated by phase and frequency encoding, the phase
encoding gradient magnetic field and the frequency encod-
ing gradient magnetic field may be applied differently for
each slice.

[0097] The controller 30 may track the respiration of the
object and acquire respiration information. At this time, the
controller 30 may obtain respiration information using vari-
ous devices capable of detecting respiration of the object.

[0098] For example, the controller 30 may obtain respi-
ration information using a respiratory navigator that detects
the respiration of the object. In one embodiment, the con-
troller 30 may generate navigator image data for motion
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observation, and observe movement of the organ generated
by breathing, and use the observation results to generate
medical image data.

[0099] In addition, the controller 30 may acquire respira-
tion information through various known devices, and is not
limited to the above-described examples. Hereinafter, the
respiration detection method of the controller 30 using the
respiration detection navigator will be described as an
example of the respiration detection method. However the
embodiments to be described later are not limited thereto,
but respiration information may be obtained through various
known methods.

[0100] The controller 30 may perform the learning step
and the imaging step in an alternate manner. Here, the
learning step corresponds to observing a movement for
setting or changing a protocol, and the imaging step corre-
sponds to acquiring medical MR data on which the medical
image data is based.

[0101] For example, the controller 30 may obtain respi-
ration information using the navigator image data restored
based on the navigator MR data. Here, the respiration
information includes various information indicating a res-
piration state of the object. The respiration information may
include at least one of a spirogram, a respiration cycle, a
respiratory gradient, and a respiratory rate of the subject. In
addition, the controller 30 may detect the respiration of the
object and obtain respiration information including various
parameters indicating the respiration state of the object.

[0102] Referring to FIG. 4, when the object exhales to
vent air, the diaphragm rises toward the lungs. When the
object inhales air, the diaphragm is directed toward the
lungs. That is, the diaphragm moves up and down based on
the respiration phase of the object. Since a position of the
lung or a liver adjacent to the diaphragm also changes with
the movement of the diaphragm, a movement of the dia-
phragm may be traced according to a movement of a
boundary formed by the lung and the liver.

[0103] The controller 30 may track the respiration of the
object by using the diaphragm movement by the respiration
of the object. The controller 30 may track the movement of
the diaphragm from the navigator image data. For example,
the navigator image data may be image data relating to a
region where the diaphragm is located in the organs of the
object. At this time, the controller 30 may track the motion
of the diaphragm using the navigation image data restored
based on the MR data collected in the learning step.

[0104] In one embodiment, when the navigator image data
for area A in FIG. 4 is displayed in time order, a graph as
shown in FIG. 5 may be obtained. A boundary line included
in the graph, that is, a spirogram 300, is located between the
lung and the liver and corresponds to the movement of the
diaphragm. In FIG. 5, a horizontal axis represents a time,
and a vertical axis represents a position of the diaphragm.

[0105] In inspiration, the lung expands and the liver is
contracted, so that the spirogram 300 between the lung and
the liver moves downward. Therefore, when the spirogram
300 is lowered and located in the lower end region, it
indicates when the object inhales. Conversely, when the
object exhales, the lung is contracted and the lung expands,
so that the spirogram 300 between the lung and the liver
moves to the upper region. When the spirogram 300 is raised
and located in the upper region, it indicates when the object
exhales.
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[0106] Noise generated in the image data may be mini-
mized only if a protocol is set such that MR data is acquired
when the movement of the object is at a minimum, that is,
when the object exhales. The controller 30 may obtain
respiration information from the spirogram 300 obtained by
tracing the movement of the diaphragm to determine the
respiration state. The respiration information is, for
example, a respiration gradient (L1, L2, L3) with time, a
respiration cycle (T1, T2, T3) with time, and a respiration
height (H1, H2, H3). The controller 30 may determine the
respiration state of the object based on the respiration
information. On the other hand, the respiration cycle is also
referred to as respiration length, and will be described below
as a uniform respiration cycle for convenience of explana-
tion.

[0107] The first respiration cycle T1 and the second res-
piration cycle T2 may be the same or different. The first
respiration gradient L1 and the second respiration gradient
L2 may be the same or different. The first respiration height
(H1) and the second respiration height (H2) may be the same
or different.

[0108] Therefore, an appropriate acquisition section, that
is, the acquisition time and the acquisition length may be the
same or different for each respiration cycle. Accordingly, the
controller 30 may acquire clear image data if the protocol is
set for each respiration cycle according to the respiration
state of the object, or for the same plural respiration cycles.
[0109] For example, when the object is a person, an
average respiration cycle of a person is between about 3
seconds and 4 seconds. However, not all people breathe
according to the average respiration cycle and Individual
respiratory characteristics may vary. In addition, because of
internal factors such as emotional changes, external factors
such as external environmental changes, respiratory condi-
tions may change over time. Therefore, even if the protocol
is set according to the average respiration cycle, the sharp-
ness of the medical image data is not guaranteed to be high.
[0110] First to fourth acquisition sections G1 to G4 may be
set for each respiration cycle as shown in FIG. 6. The third
acquiring section G3 and the fourth acquiring section G4
may overlap if the respiration state of the object changes
with time. Then, the MR data acquired in different respira-
tion states (inspiration or expiration) are filled in the k-space
together, and noise may be generated in the restored medical
image data.

[0111] The controller 30 may obtain clear medical image
data only by setting the protocol more accurately by reflect-
ing the respiration information of the object. However, it is
inconvenient for the user to check the respiration informa-
tion of the object in detail and individually set the protocol
for each respiration cycle.

[0112] The MRI system 1 according to the embodiment is
configured to display the respiration information and the
acquisition section of the MR data of the object in order to
allow the user to more easily grasp the information, and the
MRI system 1 may display a user interface on the display
apparatus that allows a user to intuitively determine whether
or not a change of the acquisition section is necessary.
[0113] In addition, the MRI system 1 may display a user
interface on the display apparatus that allows a user to
intuitively determine whether or not a change of the acqui-
sition section of MR data is necessary. The MRI system 1
automatically determines the acquisition section of the MR
data based on the respiration information and then displays
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the user interface implemented on the display apparatus so
that the user may confirm whether or not to set the protocol
according to the automatically determined acquisition sec-
tion.

[0114] The user interface described below may be a
graphical user interface that graphically implements a screen
displayed on the display apparatus so that various informa-
tion and command exchange operations between the user
and the MRI system 1 may be performed more conveniently.
Here, the display apparatus may be the outputter 13, but may
include any device capable of visually displaying various
information, such as an LCD display or a touchscreen
display, and is not particularly limited.

[0115] For example, the graphical user interface visually
displays respiration information on a screen displayed
through a display apparatus. The graphic user interface may
be implemented to display various identifiers such as icons,
buttons, and the like that may more easily change the
acquisition section of the MR data. In addition, icons and
buttons for easily inputting various control commands from
the user may be displayed on the graphic user interface. A
detailed description thereof will be given later.

[0116] The acquisition section may be determined by
parameters related to the acquisition section as described
above. The acquisition section may be referred to as a gating
window, but hereinafer, the acquisition section will be
unified for convenience of explanation.

[0117] The parameters associated with the acquisition
section may include parameters associated with the acqui-
sition time and parameters associated with the acquisition
section. For example, the parameters associated with the
acquisition time may be an accept position and an accept
window.

[0118] As another example, there may be a slice and Echo
Train Length (ETL), parameter associated with the acquisi-
tion length. The ETL is one of the parameters for determin-
ing the acquisition length. As the ETL value increases, the
acquisition length increases. As the slice value increases, the
acquisition length increases. Hereinafter, the ETL will be
unified for convenience of explanation. On the other hand,
the parameters for determining the acquisition section are
not limited to those described above, and the acquisition
section may be determined by various known parameters.

[0119] The controller 30 displays an acquisition section
according to a predetermined protocol, and may manually
correct the protocol only when there is a change request.
Alternatively, the controller 30 may automatically correct
without any change request, and automatically determine an
acquisition section even if the protocol is not set in advance,
and set the protocol according to the determined acquisition
section.

[0120] Hereinafter, a case where a protocol is manually
corrected so as to correspond to a changed acquisition
section according to a user’s operation command will be
described first.

[0121] FIG. 7 is a diagram illustrating a spirogram and an
acquisition section for a respiration cycle according to an
embodiment. FIGS. 8A and 8B are diagrams illustrating that
an acquisition section is changed based on a protocol
according to an embodiment. FIG. 9, FIG. 10, FIG. 11, FIG.
12, FIG. 13, and FIG. 14 are a diagram illustrating screens
displaying acquisition sections according to different
embodiments, and FIG. 15 is a diagram illustrating a screen
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displaying an acquisition section and a message together.
Hereinafter, the description will be given together to prevent
duplication of description.

[0122] Referring to FIG. 7, the controller 30 may set the
acquisition sections G5 based on the protocol-related param-
eters and the respiration information. At this time, an accep-
tance position may be set to 50%, and an acceptance window
may be set to 2.0 mm. The above values may be preset by
the user or pre-programmed into the MRI system 1.
[0123] The acceptance position means a parameter for
determining the time of acquisition based on the respiration
height. Further, the acceptance window means a parameter
for determining the start range of the acquisition time point.
For example, referring to FIG. 7, an acquisition start time
may be determined within a range of +2.0 mm based on 50%
of the respiration height (H1), that is, a half point.

[0124] The exact starting point of the acquisition may be
pre-set through programs, algorithms, and so on. For
example, the correct acquisition start time may be pre-set
through a parameter value associated with the acquisition
length, respiration information, a site to acquire image data,
and the like.

[0125] In one embodiment, when the slice value and the
ETL value exceed a predetermined value and the acquisition
of a large amount of MR data is required within the
acquisition section, the controller 30 determines a point of
acquisition of 50% of the respiratory height H1, that is, a
point of -2.0 mm based on the %2 point.

[0126] In another embodiment, when the slice value and
the ETL value are less than the predetermined value, the
controller 30 determines a point of acquisition of 50% of the
respiratory height H1, that is, a point of +2.0 mm based on
the V2 point. In addition, the acceptance window value may
be set to any one of +2.0 mm and -2.0 mm, and there is no
limitation.

[0127] Respiration characteristics may vary from object to
object. In addition, the respiratory characteristics may
change over time due to internal factors and external factors
as described above. For example, the spirogram shown in
FIG. 8A may be confirmed to be steeper than the spirogram
shown in FIG. 8B. In addition, it may be seen that the
respiration cycle according to the spirogram of FIG. 8A is
longer than the respiration cycle according to the spirogram
of FIG. 8B.

[0128] When acquisition sections G8 and G9 of FIG. 8B
are set to the same as acquisition sections G6 and G7 of FIG.
8A, the MR data at the time of inspiration and expiration are
filled together on one k-space. Therefore, as shown in FIG.
8B, the acceptance position value should be changed to
25%.

[0129] In addition, since the respiration cycle is shorter,
the acquisition length of the acquisition sections G8§ and G9
in FIG. 8B should be shorter than the acquisition length of
the acquisition sections G6 and G7 in FIG. 8A. Therefore,
clear image data may be obtained only by changing the
parameter value associated with the acquisition length.
[0130] When the object breathes as in the spirogram
shown in FIG. 8A and comes to breathe as in the spirogram
shown in FIG. 8B, both the parameter value related to the
acquisition time and the parameter value related to the
acquisition section should be changed.

[0131] More specifically, the acquisition time points of the
acquisition sections G8 and G9 shown in FIG. 8B should be
set faster than the acquisition sections G6 and G7 shown in
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FIG. 8A, and the acquisition sections G8 and G9 shown in
FIG. 8A should be set shorter than the acquisition length of
the acquisition sections G6 and G7 shown in FIG. 8A, so
that vivid image data can be obtained. In addition, because
the object’s respiratory heights (H3, H5, H7, H9) may be the
same or different, the respiratory height should also be
considered in setting the parameters.

[0132] However, if the user individually sets the above-
mentioned at least one parameter value every respiration
cycle, inconvenience results. Therefore, the controller 30
according to the embodiment not only visually displays the
respiration information and the acquisition section, but also
displays the user interface implemented on the display
apparatus so as to intuitively change the displayed acquisi-
tion section, thereby allowing the user to more intuitively
grasp and change the acquisition section. In addition, the
controller 30 according to the embodiment may modify at
least one parameter value to correspond to the changed
acquisition section.

[0133] In one embodiment, the controller 30 displays not
only the acquired respiration information and the acquisition
section of the MR data, but also a user interface imple-
mented on the display apparatus so as to change the acqui-
sition section more intuitively. The acquisition section may
be set according to the parameter value and the respiration
information as described above. At this time, the acquisition
section may be expressed through various expression meth-
ods.

[0134] The acquisition section may be expressed using
various known identifiers such as polygons, lines, arrows,
and symbols, etc., so that the user identifies the acquisition
section from various information displayed on the display
apparatus.

[0135] For example, the controller 30 may display a user
interface implemented on the display apparatus to display an
acquisition section D1 in the form of a rectangle as shown
in FIG. 9. As another example, the controller 30 may display
a user interface implemented on the display apparatus as
shown by solid lines and arrows in an acquisition section D2
as shown in FIG. 10 As another example, the controller 30
may display on the display a user interface implemented
apparatus as shown by a dotted line and arrows in the
acquisition section D3 as shown in FIG. 11.

[0136] In addition, the user interface may be implemented
so that the color, transparency, and the like representing the
acquisition section can be freely adjusted. In addition, the
acquisition section may be represented by other types of
visual indicators, and is not limited to the above-described.
[0137] The user may check the acquisition section dis-
played on the display apparatus and change the acquisition
section.

[0138] For example, when the display apparatus is imple-
mented as a touch screen type, the controller 30 may change
the acquisition section according to the touch operation of
the user. The user may touch an acquisition section El
shown in FIG. 12 and then change the acquisition section
through a drag operation. At this time, the area indicated in
FIG. 12 corresponds to the acquisition section changed by
the user. In one embodiment, the user may change the
acquisition time through the touch-drag and change only the
acquired length as shown in FIG. 13.

[0139] Alternatively, upon receiving an operation com-
mand from a user through the inputter 12 implemented by a
mouse, a keyboard, or the like, the controller 30 may change
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the acquisition section to correspond to the operation com-
mand, and display the changed acquisition section on the
display apparatus.

[0140] The controller 30 may separately display the acqui-
sition section E2 according to the predetermined protocol
and an acquisition section E3 changed according to the
user’s operation command as shown in FIG. 13. At this time,
as shown in FIG. 13, the controller 30 may display the
acquisition section E2 according to the predetermined pro-
tocol and the acquisition section E3 changed according to
the user’s operation command with the same line and
arrows.

[0141] In addition, the controller 30 may display a user
interface implemented on the display apparatus so as to
differently display the acquisition section according to a
predetermined protocol and the acquisition section changed
according to a user’s operation command. For example, as
shown in FIG. 14, the user interface may be implemented so
that the acquisition section E4 according to a predetermined
protocol is indicated by a dotted line and an acquisition
section ES changed according to a user’s operation com-
mand is indicated by a solid line, and there is no restriction
on the display method.

[0142] In addition, the controller 30 may freely adjusts the
color, transparency, and the like, and displays the user
interface implemented on the display apparatus so as to be
more easily distinguished between the acquisition section
according to the predetermined protocol and the acquisition
section changed according to the user’s operation command.
For example, referring to FIG. 12, an area indicated in bold
in the acquisition section E 1 corresponds to an acquisition
section changed according to an operation command of the
user, and the entire area including the highlighted section
and the blurred section corresponds to the acquisition sec-
tion according to the predetermined protocol.

[0143] The controller 30 may reset or modify the protocol
to correspond to the changed acquisition section. For
example, the controller 30 determines whether at least one
of the acquisition time and the acquisition length constitut-
ing the acquisition section has been changed, and may
modify at least one of the parameter values related to the
acquisition time and the parameter value related to the
acquisition length according to the determined result.
[0144] In one embodiment, when only the acquisition
length is changed as shown in FIG. 12, the controller 30 may
modify at least one of the slice value and the ETL value to
be smaller. At this time, the method of determining which of
the slice value and the ETL value is to be modified may be
implemented in an algorithm or a program form and the
method is stored in a memory of the controller 30 or may be
stored in an external device. Alternatively, whether or not to
modify any of the slice value and the ETL value may be
selected by the user and is not limited.

[0145] A main controller 35 may collect the MR data and
fill the k-space with respect to the acquisition section
according to the changed protocol. The MRI system 1
according to the embodiment may decrease management
time and improve convenience by allowing the user to reset
or modify the protocol for each respiration cycle by a simple
operation command without individually inputting the
parameter values related to the protocol.

[0146] In particular, the imaging time may be the same or
different for each inside area of the object to which the
medical image data is to be acquired. When photographing
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an inside area requiring a long photographing time, there is
a greater possibility that the respiration of the object changes
instantaneously. Therefore the higher the possibility that the
respiration is changed, the more the MRI system 1 according
to the embodiment may reduce the time required for the user
to modify the protocol.

[0147] Meanwhile, the method of changing the parameter
value of the protocol to correspond to the changed acquisi-
tion section may be implemented in an algorithm or a
program form and stored in the memory of the controller 30.
Alternatively when the method is stored in an external
device such as a server, the controller 30 may interface with
an external device through the communicator 60 and change
the parameter values of the protocol to correspond to the
changed acquisition section.

[0148] The controller 30 may reset the protocol according
to the changed acquisition section according to the user’s
operation command. Alternatively, the controller 30 may
receive confirmation as to whether or not to reset the
protocol according to the changed acquisition section, and
then reset the protocol after receiving confirmation.

[0149] For example, the controller 30 may receive confir-
mation as to whether or not the protocol is reset by receiving
a preset operation command. In one embodiment, when the
user double-clicks with the mouse or presses a specific key
via the keyboard, the controller 30 may reset the protocol
according to the changed acquisition section. Alternatively,
the controller 30 may display a user interface including an
icon for receiving a confirmation command of the user on
the display apparatus. Accordingly, when the user clicks the
icon via the mouse, the protocol may be reset according to
the changed acquisition section.

[0150] In another embodiment, the controller 30 may
display a pop-up message 1700 on the display apparatus as
shown in FIG. 15 so that the user may be prompted to
modify the protocol according to the changed acquisition
section.

[0151] As described above, the controller 30 may auto-
matically correct the acquisition section even if there is no
change instruction from the user, automatically determine
the acquisition section even if the protocol is not set in
advance, and set the protocol according to the determined
acquisition section. Hereinafter, a method of performing the
automatic correction or automatically determining the
acquisition section will be described.

[0152] FIGS.16A and 16B are diagrams for explaining the
determination of an acquisition section based on a respira-
tion slope according to different embodiments, and FIG. 17
is a diagram illustrating an acquisition section and a screen
displaying a message.

[0153] The controller 30 determines the acquisition sec-
tion to correspond to the respiration information, and may
display a user interface, configured to display the deter-
mined acquisition section and receive confirmation from the
user, on the display apparatus.

[0154] As described above, since the respiration state may
be different for each object, clear medical image data may
not be obtained when the protocol is set according to the
average respiration state. However, there is a problem
because it is too troublesome to individually set parameters
related to the protocol in accordance with the respiration
state every respiration cycle.

[0155] Accordingly, the controller 30 may determine the
respiration state based on the respiration information, and
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determine the acquisition section according to the obtained
result. In addition, the controller 30 may display a user
interface on the display apparatus to provide the acquired
acquisition section together with the respiration information,
so that the user may be confirmed whether or not to reset the
protocol according to the changed acquisition section.

[0156] At this time, the acquisition section may be deter-
mined for each respiration cycle. When the spirogram for
each respiration cycle is similar to a preset range, the
acquisition section may be determined to be the same for a
similar respiration cycle within a predetermined range.
Accordingly, the controller 30 may automatically determine
the acquisition section to increase the convenience of the
user, as well as to prevent an overload due to the increase in
the amount of calculation.

[0157] The controller 30 may determine the acquisition
section using the respiration slope from among various
parameters that may determine the respiration state.

[0158] In one embodiment, the controller 30 may deter-
mine the acquisition section when the respiration slope of
the spirogram is within a preset range. Referring to FIG. 5,
in general, the respiration slope of the spirogram when
exhaling corresponds to a certain range based on the time
axis. Therefore, the controller 30 may determine the acqui-
sition section for the region having the respiration slope of
the spirogram corresponding to the predetermined range. As
a specific example, the controller 30 may determine an
acquisition section in which the respiratory gradient is
-N=respiration slope<,M (N, M=0) based on the time axis.

[0159] In another embodiment, as referring to FIG. 16A
the controller 30 may determine a point at which the slope
of the spirogram corresponds to a predetermined slope 1.4 as
the acquisition start time, or a point at which the slope of the
spirogram becomes equal to or greater than the predeter-
mined slope L4 as the acquisition start time. In addition, the
controller 30 may determine a point at which the slope of the
spirogram corresponds to a predetermined slope L5 as the
acquisition end time, or a point at which the slope of the
spirogram becomes equal to or less than a predetermined
slope L5 as the acquisition end time. Then, the controller 30
may determine the acquisition section G10 between the
acquisition start time and the acquisition end time.

[0160] In another embodiment, the controller 30 deter-
mines the slope L6 of the spirogram to be the predetermined
acquisition start point, and the acquisition section from the
acquisition start point to the point where the predetermined
acquisition length has elapsed. At this time, the memory of
the controller 30 or the external device stores data on the
acquired length according to the slope of the spirogram, and
the controller 30 may determine the acquisition section
using the above-described data. In addition, the acquisition
length may be determined not only by the slope of the
spirogram, but also by various parameters indicating the
respiration state, the type of object, and the internal area to
be diagnosed. Alternatively, the acquisition length may be
determined by the user.

[0161] The controller 30 may determine a point at which
a slope of the spirogram corresponds to a predetermined
slope or a point higher than a predetermined point as the
acquisition start point. For example, as referring to FIG. 8B,
when the respiratory slope of the specific point in the
spirogram of the object is higher than the predetermined
slope of the respiratory slope at the same point in the mean
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spirogram, that is the respiration is determined to be steep,
the controller 30 may determine the specific point as the
acquisition start point.

[0162] Inoneembodiment, as referring to FIG. 16B, when
the slope of the spirogram is equal to predetermined slopes
L8 and L9, the controller 30 may determine a point corre-
sponding to the predetermined slopes L8 and L9 as the
acquisition time point. At this time, the controller 30 may
determine the acquisition section according to the acquisi-
tion time and the predetermined acquisition length. Here, the
method in which the acquisition length is previously set is
the same as that described above, so a detailed description
thereof will be omitted.

[0163] When the parameter value of the protocol is set in
advance, the controller 30 displays a user interface config-
ured to provide an acquisition section according to a pre-
determined parameter value, an acquisition section auto-
matically determined through the above method, and
respiration information together, on the display apparatus.
Accordingly, the controller 30 may determine whether to
reset the parameter values of the protocol according to the
acquisition section determined according to whether or not
a predetermined operation command is input from the user.
[0164] For example, when the user double-clicks through
the mouse or presses a specific key via the keyboard, the
controller 30 may reset the parameter values of the protocol
according to the automatically determined acquisition sec-
tion. Alternatively, the controller 30 may display a pop-up
message 1800 (FIG. 17) asking whether to reset the acqui-
sition section E4 according to a predetermined protocol, the
automatically determined acquisition section ES and the
parameter value of the protocol, and request the user for an
active response.

[0165] When the parameter value of the protocol is not set
in advance, the controller 30 may display a user interface on
the display apparatus configured to provide the acquisition
section and the respiration information automatically deter-
mined through the above-described method. Accordingly,
the controller 30 may determine whether to reset the param-
eter values of the protocol in accordance with the acquisition
section, which is automatically determined based on
whether or not a predetermined operation command is input
from the user. Since the method of receiving the operation
command is the same as described above, a detailed descrip-
tion thereof will be omitted.

[0166] On the other hand, the memory of the controller 30
may store data on the average respiration state for each
object and data on the protocol setting based on the average
respiration state. Accordingly, the controller 30 may deter-
mine the respiration state of the object, compare the obtained
result with the data on the average respiration state, and then
determine whether a specific situation occurs or not based on
whether or not it is out of a preset range.

[0167] When it is determined that a specific situation has
occurred, the controller 30 selects various methods of deter-
mining the acquisition section. The methods for determining
the acquisition section includes a method of setting the
acquisition section based on the average respiration state
using the slope of the spirogram, and a method of automati-
cally determining the acquisition section using the respira-
tion state.

[0168] The above-described method of implementing a
user interface may be implemented by an algorithm or a
program, and be stored in the memory of the controller 30.
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The controller 30 may display the user interface on the
display apparatus using the data stored in the memory.

[0169] Alternatively, the algorithms or programs
described above may be stored in an external device. The
controller 30 may receive data about a user interface derived
from the algorithm or program transmitted from the external
device through the communicator 60 and may display the
received data on the display apparatus. The controller 30
may update data in cooperation with an external device
through the communicator 60, and the data includes not only
the above-described algorithm or program but also data
relating to the average respiratory cycle, and data relating to
the protocol setting method.

[0170] Hereinafter, the operation flow of the MRI system
1 for modifying the protocol according to whether or not the
displayed acquisition section is changed after displaying the
acquisition section will be described.

[0171] FIG. 18 is diagram for explaining an operational
flow of displaying a user interface on a display apparatus
configured to support the display and change of an acqui-
sition section based on respiration information.

[0172] The MRI system 1 may acquire the MR signal only
in a specific respiration state while monitoring the respira-
tion state of a patient in real time at the same time as the
scan. The MRI system 1 may acquire respiration information
(1900). For example, the MRI system may acquire respira-
tion information of an object using a respiration detection
navigator. At this time, the respiration information is various
information for understanding the respiration of the object,
and may include various information such as a spirogram, a
respiration cycle, and a spirogram slope.

[0173] The MRI system 1 may determine the acquisition
section according to the respiration information and the
predetermined protocol (1910). At this time, the acquisition
section is an area for collecting a medical MR signal, and the
medical MR signal is converted into the medical MR data
through the signal processing, and is filled in one k-space.

[0174] The MRI system 1 may display a user interface on
the display apparatus capable of changing the acquisition
section so that a user can intuitively understand the respi-
ration state and the acquisition section according to the
predetermined protocol (1920).

[0175] For example, the MRI system 1 may display a user
interface on the display apparatus to provide respiration
information, and acquisition section according to a prede-
termined protocol. In particular the MRI system 1 may
display a user interface on the display apparatus to provide
a spirogram and an acquisition section D1 according to a
predetermined protocol, as shown in FIG. 9.

[0176] The MRI system 1 may display a user interface on
the display apparatus, the acquisition section of which is
changed according to a simple operation command of the
user. For example, the MRI system may provide the user
interface in which an acquisition section is adjusted through
a touch or touchscreen operation of the user. Alternatively,
the MRI system 1 may provide the user interface with which
the acquisition section may be adjusted according to a user’s
operation command using a mouse, a keyboard, or the like.
Accordingly, the user may determine whether the acquisi-
tion section needs to be changed by comparing the acqui-
sition section displayed on the display apparatus with the
respiration information, and the acquisition section may be
changed through the inputter 12.
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[0177] When the acquisition section is changed, the MRI
system 1 may collect the medical MR data in the changed
acquisition section to fill a k-space image, and generate the
medical image data using the data filled in the k-space.
Alternatively, the MRI system 1 may provide the user
interface that can be used to collect medical MR data in an
acquisition section according to a predetermined protocol, or
to confirm whether to collect medical MR data according to
a changed acquisition section.

[0178] At this time, the MRI system 1 may display on the
display the user interface apparatus to provide the acquiring
section according to a predetermined protocol and the modi-
fied acquisition section together so that the user may analyze
the sections more easily, side-by-side. Accordingly, the MRI
system 1 according to the embodiment may permit the user
to more accurately determine the acquisition section,
thereby making it possible to generate medical image data
that is mote clear.

[0179] Hereinafter, an operation flow of an MRI system
that automatically determines an acquisition section accord-
ing to a respiration state, or provides a determined acquisi-
tion section according to a predetermined protocol and a
respiration status will be briefly described.

[0180] FIG. 19 is a flowchart illustrating an operation flow
for displaying a user interface configured to set an acquisi-
tion section using a respiration state based on respiration
information and configured to display and confirm a set
acquisition section.

[0181] Referring to FIG. 19, the MRI system 1 may
acquire respiration information (2000). The operation of
acquiring the respiration information is the same as that of
step 1900 described above, so a detailed description thereof
will be omitted.

[0182] The MRI system 1 may recognize the respiration
state using the obtained respiration information (2010), and
determine the acquisition section of the MR data based on
the recognition result. In addition, the MRI system 1 may
display a user interface on the display configured to display
the determined acquisition section and receive a confirma-
tion of the acquisition section of the displayed MR data from
the user (2020).

[0183] The MRI system 1 automatically determines the
acquisition section of the MR data according to the respi-
ration state, regardless of whether or not the parameter
values relating to the protocol are pre-set. For example, the
MRI system 1 may determine an acquisition section using at
least one of a point at which the respiration slope becomes
equal to or greater than a predetermined first slope and a
point at which the respiration slope becomes equal to or less
than a second predetermined slope. That is, the MRI system
1 may determine the acquisition section using at least one of
the acquisition start time and the acquisition end time.
[0184] In one embodiment, the MRI system 1 may deter-
mine a point at which the breathing gradient becomes equal
to or greater than a predetermined first slope as the acqui-
sition start point, and a point at which the breathing gradient
becomes equal to or less than the predetermined second
slope as the acquisition end point. Accordingly, the MRI
system 1 may determine the section between the acquisition
start time and the acquisition end time as the acquisition
section.

[0185] In another embodiment, the MRI system 1 may
determine a point at which the respiration slope becomes
equal to or greater than a predetermined first slope as the
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acquisition start point, and determine the acquisition section
as a predetermined length based on the acquisition start
point. At this time, the predetermined length may be calcu-
lated in advance according to the respiration state and the
parameter value related to the acquisition length, such as the
respiration slope, the respiratory cycle, and the respiratory
height, and may be stored in the memory of the MRI system
1 or an external device.

[0186] As another example, the MRI system 1 may deter-
mine the acquisition section using the respiration state
through various methods, such as an interval in which the
respiration slope is within the predetermined range, as the
acquisition section of the MR data.

[0187] On the other hand, the information provided on the
user interface may be different depending on whether or not
the parameter values related to the protocol are set in
advance.

[0188] For example, when the parameter value of the
protocol is set in advance, the MRI system 1 may display the
user interface implemented on the display apparatus to
provide the acquisition section automatically determined
according to the respiration condition and the acquisition
section according to the predetermined protocol.

[0189] The MRI system 1 not only provides respiration
information, but also automatically acquires an acquisition
section according to an acquisition section and a respiration
status according to a predetermined protocol, thereby allow-
ing the user to select a desired acquisition section more
variously. When any one of the acquisition section according
to the predetermined protocol and the automatically deter-
mined acquisition section according to the respiration status
is selected, the MRI system 1 sets the protocol according to
the preset protocol or according to the automatically deter-
mined acquisition section, and medical MR data can be
collected according to the set protocol.

[0190] Inaddition, when any one of the acquisition section
and the acquisition section automatically determined
according to the respiration status is changed according to
the user’s operation command, the MRI system 1 may set or
modify the protocol according to the changed acquisition
section. Then, the MRI system 1 may collect medical MR
data according to the set or modified protocol, and may
provide clearer medical image data.

[0191] Meanwhile, the disclosed embodiments may be
implemented in the form of a computer-readable recording
medium for storing instructions and data executable by a
computer. The instructions may be stored in the form of
program code, and when executed by the processor, may
generate a predetermined program module to perform a
predetermined operation. In addition, the instructions, when
executed by a processor, may perform certain operations of
the disclosed embodiments.

[0192] The embodiments disclosed with reference to the
accompanying drawings have been described above. It will
be understood by those skilled in the art that the present
invention may be practiced in other forms than the disclosed
embodiments without departing from the spirit or essential
characteristics of the present invention. The disclosed
embodiments are illustrative and should not be construed as
limiting.
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What is claimed is:
1. A workstation comprising:
a display apparatus; and
a controller configured to receive respiration information
of an object, determine an acquisition section of mag-
netic resonance (MR) data related to the object based
on the respiration information, and control the display
apparatus to:
display the respiration information of the object and the
acquisition section, and
display a user interface configured to change the dis-
played acquisition section according to a user’s
operation command.
2. The workstation according to claim 1, wherein
the controller is further configured to modify an imaging
protocol to correspond to the changed acquisition sec-
tion when the displayed acquisition section is changed
according to the user’s operation command, and
acquire MR data according to the modified imaging
protocol.
3. The workstation according to claim 1, wherein
the controller is further configured to control the display
apparatus to display the user interface implemented so
that the displayed acquisition section and the changed
acquisition section are displayed together with each
other when the displayed acquisition section is changed
according to the user’s operation command.
4. The workstation according to claim 1, wherein
the controller is further configured to control the display
apparatus to display the user interface implemented so
that the displayed acquisition section and the changed
acquisition section are displayed with different visual
representations from each other when the displayed
acquisition section is changed according to the user’s
operation command.
5. The workstation according to claim 4, wherein
the controller is further configured to control the display
apparatus to display the user interface implemented so
that the displayed acquisition section and the changed
acquisition section have a different color or a different
transparency.
6. The workstation according to claim 1, wherein
the controller is further configured to identify a change in
an acquisition time and an acquisition length constitut-
ing the acquisition section when the displayed acqui-
sition section is changed, and change a parameter value
related to an imaging protocol according to the identi-
fication result.
7. The workstation according to claim 1, wherein
the controller is further configured to control the display
apparatus to display the user interface implemented to
provide a message permitting the user to modify an
imaging protocol according to the changed acquisition
section when the displayed acquisition section is
changed according to the user’s operation command.
8. The workstation according to claim 1, wherein
the controller is further configured to control the display
apparatus to display the user interface implemented to
display the acquisition section by using at least one of
an arrow, a line, a symbol, and a polygonal shape.
9. A workstation comprising:
a display apparatus; and
a controller configured to receive respiration information
of an object, determine a respiration state of the object,
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determine an acquisition section of magnetic resonance
(MR) data based on the respiration information of the
object and the respiration state of the object, and
control the display apparatus to:
display the respiration information and the acquisition
section of the MR data, and
display a user interface implemented to receive a
confirmation command indicating whether to set an
imaging protocol to correspond to the displayed
acquisition section.
10. The workstation according to claim 9, wherein
the controller is further configured to set the imaging
protocol to correspond to the acquisition section when
receiving the confirmation command from the user, and
acquire MR data according to the set protocol.
11. The workstation according to claim 9, wherein
the controller is further configured to control the display
apparatus to display the user interface implemented to
provide:
the acquisition section determined according to a prede-
termined protocol, and
the acquisition section determined by the respiration state.
12. The workstation according to claim 11, wherein
the controller is further configured to control the display
apparatus to display the user interface implemented so
that the acquisition section according to the predeter-
mined protocol and the acquisition section determined
by the respiration state have a different color or a
different transparency.
13. The workstation according to claim 9, wherein
the controller is further configured to automatically deter-
mine the acquisition section by using a respiration
slope determined based on the respiration information,
and
the controller is further configured to control the display
apparatus to display the user interface implemented to
provide a message permitting a user to set the imaging
protocol to correspond to the automatically determined
acquisition section.
14. The workstation according to claim 11, wherein
the controller is further configured to modify or set the
imaging protocol to correspond to one of:
the acquisition section according to the predetermined
protocol car the acquisition section determined accord-
ing to the respiration state.
15. A method of controlling a medical imaging apparatus,

the method comprising;

receiving respiration information of an object;

determining an acquisition section of magnetic resonance
(MR) data related to the object based on the respiration
information;

displaying the respiration information of the object and
the acquisition section of the MR data related to the
object;

displaying a user interface implemented on a display
apparatus that permits a user to change the displayed
acquisition section according to an operation command
from the user; and

modifying an imaging protocol to correspond to the
changed acquisition section when the displayed acqui-
sition section is changed according to the operation
command of the user, and acquiring MR data according
to the modified imaging protocol.
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16. The method according to claim 15, further compris-
ing:
displaying the user interface implemented on the display
apparatus configured to provide the displayed acquisi-
tion section and the changed acquisition section
together with each other, when the displayed acquisi-
tion section is changed according to the operation
command of the user.
17. The method according to claim 15, further compris-
ing;
determining a respiration state based on the respiration
information of the object; and
determining an acquisition section of MR data according
to the determined respiration state; and
displaying a user interface implemented on a display
apparatus that permits the user to control whether to set
a protocol to correspond to the determined acquisition
section.
18. The method according to claim 17, further compris-
ing:
displaying a user interface implemented on the display
apparatus to provide:
the acquisition section determined according to a prede-
termined protocol, and
the acquisition section determined according to the res-
piration state.
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