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APPARATUS AND METHOD FOR
CORRECTING ARTIFACTS OF FUNCTIONAL
IMAGE ACQUIRED BY MAGNETIC
RESONANCE IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/793,074, filed Mar. 11, 2013, which claims
the priority from Korean Patent Application No. 10-2012-
0126385, filed on Nov. 9, 2012 in the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein by reference in their entireties.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to a magnetic resonance imaging
(MRI) apparatus used to diagnose various diseases using
magnetic resonance (MR) images and a method of acquiring
a functional image using the same.

[0004] 2. Description of the Related Art

[0005] MRI apparatus generates images representing the
density of atomic nuclei and physical and chemical properties
by causing nuclear magnetic resonance of hydrogen atomic
nuclei in the body using radio frequencies (RF) as specific
ionization radiation and magnetic fields that are not harmful
to humans.

[0006] MRI apparatuses are used to diagnose the patients
by applying a predetermined frequency and energy to atomic
nuclei under influence of a predetermined range of a magnetic
field and converting energy emitted from the atomic nuclei
into signals.

[0007] A proton is a constituent of an atomic nucleus and
has a spin angular momentum and magnetic dipoles. There-
fore, atomic nuclei are aligned in the direction of a magnetic
field applied thereto and perform precession in the direction
of the magnetic field. Thus, an image of a humanbody may be
acquired via nuclear magnetic resonance.

[0008] Although MRI apparatuses are widely used to
image the anatomical structure of a human and diagnose
diseases, in recent years, attempts to form images represent-
ing functions of body organs, in particular functions of the
brain, have been made. A representative example is functional
MRI (fMRI).

[0009] The specific areas of the brain have specific func-
tions, and consequently local cerebral blood flow and
metabolism of the areas may increase when performing the
specific functions. Functional MRI induces local nerve acti-
vation of the brain using such physiological variation, and
thereafter represents a position of a corresponding function as
an image. Functional MRI may exhibit more superior space
and time resolution than positron emission tomography
(PET), and may be repeatedly executed because injection of
an isotope is not required.

[0010] Although there are various functional MRI meth-
ods, a blood oxygen level-dependent (BOLD) method is the
most widely used. Local blood flow increase caused by acti-
vation of the brain means an increased amount of oxygen
supplied to activated brain tissues. In this case, the increased
supply of oxygen increases the amount of oxyhemoglobin in
capillaries and veins, causing a reduction in the density of
deoxyhemoglobin. Since deoxyhemoglobin is a paramag-

May 15,2014

netic material that reduces a T2 relaxation time of the sur-
rounding area, a reduction in this material causes an increase
of signals in a T2 weighted image.

[0011] However, if motion of a patient occurs during scan-
ning for functional MRI, images representing functions, i.e.,
functional images acquired by a functional MRI, may have
artifacts. Although the correction of such artifacts has been
carried out via image processing, such as registration of the
functional images, the functional images provide insufficient
anatomical information for accurate correction of artifacts
caused by patient motion.

SUMMARY

[0012] Exemplary embodiments may address at least the
above problems and/or disadvantages and other disadvan-
tages not described above. Also, the exemplary embodiments
are not required to overcome the disadvantages described
above, and an exemplary embodiment may not overcome any
of the problems described above.

[0013] According to one or more of exemplary embodi-
ments, there is provided a method of acquiring a functional
image, including acquiring both structural image data and
functional image data, recognizing motion of an object using
the structural image data, and acquiring a functional image
whose artifacts due to motion of the object are corrected by
correcting the functional image data based on the recognized
motion of the object.

[0014] In accordance with an aspect of an exemplary
embodiment, there is provided a method of acquiring a func-
tional image using an MRI apparatus, the method includes
acquiring functional image data with respect to an object,
acquiring structural image data with respect to the object,
acquiring information related to motion of the object based on
the structural image data, and correcting the functional image
data based on the information related to motion of the object,
to acquire a functional image with respect to the object.
[0015] The functional image may include a brain functional
image, a metabolism functional image, a temperature image,
and a spectroscopic image.

[0016] Acquiring the structural image data with respect to
the object may include acquiring the structural image data at
a predefined time interval.

[0017] The structural image data with respect to the object
may include acquiring the structural image data between
acquisitions of the respective functional image data.

[0018] The functional image data and the structural image
data may include slice image data with respect to the object.
[0019] The functional image data and the structural image
data may include volume image data with respect to the
object.

[0020] Acquiring the structural image data with respect to
the object may include acquiring the structural image data in
each of an activation section and a deactivation section of a
fanction of interest to be confirmed.

[0021] Acquiring the structural image data with respect to
the object may include forming a k-space by sampling an
echo signal of the object via compressed sensing, and acquir-
ing the structural image data from the k-space.

[0022] Acquiring the structural image data with respect to
the object may include forming a k-space by sampling a
low-frequency region of an echo signal of the object, and
acquiring the structural image data from the k-space.

[0023] Acquiring the information related to motion of the
object based on the structural image data may include regis-
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tering the structural image data, and calculating a transfor-
mation matrix used in registration of the structural image
data.

[0024] Correcting the functional image data based on the
information related to motion of the object to acquire the
functional image with respect to the object may include
acquiring a functional image whose artifacts due to motion of
the object are corrected by registering the functional image
data based on the transformation matrix.

[0025] In accordance with another aspect of an exemplary
embodiment, an MRI apparatus includes an image processor
that acquires functional image data and structural image data
with respect to an object, acquires information related to
motion of the object based on the structural image data, and
corrects the functional image data based on the information
related to motion of the object, to acquire a functional image
with respect to the object, and a display that displays the
functional image.

[0026] The functional image may include a brain functional
image, a metabolism functional image, a temperature image,
and a spectroscopic image.

[0027] The image processor may acquire the structural
image data at a predefined time interval.

[0028] The image processor may acquire the structural
image data between acquisitions of the respective functional
image data.

[0029] The functional image data and the structural image
data may include slice image data with respect to the object.
[0030] The functional image data and the structural image
data may include volume image data with respect to the
object.

[0031] The image processor may acquire the structural
image data in each of an activation section and a deactivation
section of a function of interest to be confirmed.

[0032] The image processor may form a k-space by sam-
pling an echo signal of the object via compressed sensing, and
may acquire the structural image data from the k-space.
[0033] The image processor may form a k-space by sam-
pling a low-frequency region of an echo signal of the object,
and may acquire the structural image data from the k-space.
[0034] The image processor may register the structural
image data to thereby calculate a transformation matrix used
in registration of the structural image data, and may acquire a
functional image whose artifacts due to motion of the object
are corrected by registering the functional image data based
on the transformation matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and/or other aspects will become appar-
ent by describing certain exemplary embodiments, with ref-
erence to the accompanying drawings, in which:

[0036] FIG. 1is a control block diagram of an MRI appa-
ratus according to an exemplary embodiment;

[0037] FIG. 2 is an overall view of the MRI apparatus
according to an exemplary embodiment;

[0038] FIG. 3 is a view illustrating a space, in which an
object is placed, based on X, Y, and Z axes;

[0039] FIGS. 4A and 4B are views illustrating configura-
tions of a magnet assembly and a gradient coil assembly;
[0040] FIG. 5 is a view illustrating gradient coils of the
gradient coil assembly and pulse sequences related to opera-
tions of the respective gradient coils;
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[0041] FIGS. 6,7, and 8 are views conceptually illustrating
movement of a functional image depending on motion of an
object;

[0042] FIGS.9A and9B are views conceptually illustrating
a method of acquiring structural image data of an object in
relation to acquisition of functional image data, according to
an exemplary embodiment;

[0043] FIGS. 10A and 10B are views conceptually illus-
trating a method of acquiring structural image data of an
object in relation to acquisition of functional image data,
according to an exemplary embodiment;

[0044] FIG. 11 is a view conceptually illustrating a method
of acquiring structural image data of an object in relation to
acquisition of functional image data, according to an exem-
plary embodiment;

[0045] FIG. 12 is a view of the center of a k-space in
relation to the frequency encoding of echo signals;

[0046] FIG. 13 is a view of the center of a k-space in
relation to the phase encoding of echo signals;

[0047] FIGS. 14A and 14B conceptually illustrate forma-
tion of a k-space via sampling of the entire echo signal;
[0048] FIGS. 15A and 15B conceptually illustrate forma-
tion of ak-space via sampling of a low-frequency region of an
echo signal,

[0049] FIGS. 16A, 16B, and 16C are views comparing an
image acquired from a k-space in which the entire echo signal
is sampled with an image acquired from a k-space in which
only low frequency regions are sampled,

[0050] FIG. 17 is a view conceptually illustrating a proce-
dure of correcting artifacts of a functional image caused by
motion of an object using a structural image;

[0051] FIG. 18 is a flowchart illustrating a method of
acquiring a functional image according to an exemplary
embodiment.

[0052] FIG. 19 is a flowchart of acquiring a functional
image according to an exemplary embodiment; and

[0053] FIG. 20 is a flowchart of acquiring a functional
image according to an exemplary embodiment.

DETAILED DESCRIPTION

[0054] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0055] In the following description, the same drawing ref-
erence numerals are used for the same elements even in dif-
ferent drawings. The matters defined in the description, such
as detailed construction and elements, are provided to assist
in a comprehensive understanding of exemplary embodi-
ments. Thus, it is apparent that exemplary embodiments can
be carried out without those specifically defined matters.
Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail.

[0056] FIG. 1 is a control block diagram of an MRI appa-
ratus according to an exemplary embodiment.

[0057] Referring to FIG. 1, the MRI apparatus 100 accord-
ing to an exemplary embodiment includes a magnet assembly
150 to generate a magnetic field and cause resonance of
atomic nuclei, a controller 120 to control operations of coils
of the magnet assembly 150, an image processor 160 to form
an MR image upon receiving echo-signals generated from the
atomic nuclei, and a workstation 110 to control operations of
the MRI apparatus 100.
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[0058] The magnet assembly 150 includes a main magnet
151 to generate a static magnetic field in the magnet assembly
150, a gradient coil assembly 152, i.e., gradient coils, to
generate a gradient in the static magnetic field, and an RF coil
assembly 153 to excite atomic nuclei by applying an RF pulse
and receive echo signals from the atomic nuclei.

[0059] The controller 120 includes a static magnetic field
controller 121 to control the strength and direction of the
static magnetic field generated by the main magnet 151, and
a pulse sequence controller 122 to generate a pulse sequence
to control the gradient coil assembly 152 and the RF coil
assembly 153.

[0060] The MRI apparatus 100 according to an exemplary
embodiment may include a gradient controller 130 to apply a
gradient signal to the gradient coil assembly 152, and an RF
transmitter 140 to apply an RF signal to the RF coil assembly
153.

[0061] As the gradient controller 130 and the RF transmit-
ter 140 are controlled by the pulse sequence controller 122,
the magnetic field gradient generated in the static magnetic
field and the RF pulse applied to the atomic nuclei may be
adjusted.

[0062] The MRI apparatus according to an exemplary
embodiment includes the workstation 110 to allow an opera-
tor of the MRI apparatus 100 to manipulate equipment, by
entering control commands related to the operations of the
MRI apparatus 100.

[0063] The workstation 110 may include an operating con-
sole 111 to assist the operator in manipulating a system, and
a display 112 to display a control state and an image formed
by the image processor 160 to assist a user in diagnosing the
physical condition of an imaged object 200.

[0064] FIG. 2 is an overall view of the MRI apparatus 100,
and FIG. 3 is a view showing a cross-section of an examina-
tion region, i.e., imaging region, in which an object 200 to be
imaged is placed, based on X, Y, and 7 axes. FIGS. 4A and 4B
are views illustrating configurations of the magnet assembly
and the gradient coil assembly, and FIG. 5 is a view illustrat-
ing gradient coils of the gradient coil assembly and pulse
sequences related to operations of the respective gradient
coils.

[0065] A detailed operation of the MRI apparatus accord-
ing to an exemplary embodiment is described below with
reference to FIGS. 1to 5.

[0066] The magnet assembly 150 is formed as a cylinder
having an empty interior space, such as a cavity or a bore 158,
which corresponds to the examination region.

[0067] A transfer unit 210 may be provided to transfer the
object 200 into the bore 158 to obtain an MR signal.

[0068] Themagnet assembly 150 includes the main magnet
151, the gradient coil assembly 152, and the RF coil assembly
153.

[0069] The main magnet 151 may include coils wound
around the bore 158. When the current is applied to the main
magnet 151, a static magnetic field B, is generated in the bore
158, i.e., the examination region.

[0070] The direction of the magnetic field may be parallel
to a 7 axis of the magnet assembly 150.

[0071] The static magnetic field generated in the bore 158
causes atoms of the object 200, more particularly, atomic
nuclei of hydrogen atoms to be aligned, in the direction of the
static magnetic field and to perform precession about the
direction of the static magnetic field. Precession speed of
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atomic nuclei is determined by a precession frequency, i.e.,
Larmor frequency, which is represented by the following
Equation 1.

®=yB, Equation 1
[0072] where w is a precession frequency,
[0073] v is a proportional constant, and
[0074] B, is the strength of a magnetic field which is mea-

sured in tesla (T) or gauss (G).

[0075] Theproportional constanty is different for each kind
of atomic nuclei.

[0076] For example, a hydrogen proton has a precession
frequency of 42.58 MHz in the magnetic field having the
strength of 1 T. Since hydrogen accounts for the greatest
number of atoms of the human body, MRI apparatus may
acquire an MR signal using precession of hydrogen protons.
[0077] The gradient coil assembly 152 generates a mag-
netic field gradient by applying a gradient to the static mag-
netic field generated in the bore 158.

[0078] As illustrated in FIG. 3, a Z axis is parallel to a
longitudinal direction extending from the feet to the head of
the object 200 and parallel to the direction of the static mag-
netic field, an X axis is parallel to a lateral direction of the
object 200, and aY axis is parallel to a vertical direction of a
diameter of the bore 158.

[0079] To acquire three-dimensional (3D) spatial informa-
tion, magnetic field gradients in the X, Y, and Z axes may be
generated. Thus, the gradient coil assembly 152 includes
three pairs of gradient coils.

[0080] Asillustrated in FIGS. 4 and 5, Z-axis gradient coils
154 are formed as a pair of ring-shaped coils, Y-axis gradient
coils 155 are located above and below the object 200, and
X-axis gradient coils 156 are located at left and right sides of
the object 200.

[0081] Ifdirect current having opposite polarities is applied
in opposite directions to the two Z-axis gradient coils 154,
variation of a magnetic field occurs in the Z-axis direction,
causing generation of a magnetic field gradient. FIG. 5 illus-
trates generation of the Z-axis magnetic field gradient during
operation of the Z-axis gradient coils 154, by using pulse
sequences.

[0082] The Z-axis gradient coils 154 are used to select a
slice. As the gradient of the Z-axis magnetic field increases, a
thinner slice may be selected.

[0083] When a slice is selected via the magnetic field gra-
dient generated by the Z-axis gradient coils 154, all of the
spins of the slice have the same frequency and the same phase,
and may be indistinguishable from one another.

[0084] Thus, a magnetic field gradient is generated in the
Y-axis direction by the Y-axis gradient coils 155, which
causes a phase shift such that the lines of the slice have
different phases.

[0085] That is, once the Y-axis magnetic field gradient has
been generated, the spins of the line, to which the higher
strength of the magnetic field gradient is applied, undergo
phase variation at a high frequency, and the spins of the line,
to which the lower strength of the magnetic field gradient is
applied, undergo phase variation at a low frequency.

[0086] After the Y-axis magnetic field gradient disappears,
the respective lines of the selected slice have different phases
due to a phase shift, which enables distinction between the
respective lines. As such, the magnetic field gradient gener-
ated by the Y-axis gradient coils 155 is used for phase encod-
ing.
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[0087] FIG. 5 illustrates generation of the Y-axis magnetic
field gradient during operation of the Y-axis gradient coils
155, by using pulse sequences.

[0088] Thus, selection of the slice is performed according
to the magnetic field gradient generated by the Z-axis gradi-
ent coils 154, and phase distinction of the lines of the selected
slice is perform by the magnetic field gradient generated by
the Y-axis gradient coils 155. However, the respective spins of
each line have the same frequency and the same phase, and
may be indistinguishable from one another.

[0089] Accordingly, a magnetic field gradient is generated
in the X-axis direction by the X-axis gradient coils 156, which
causes the respective spins of each line to have different
frequencies, which enables distinction between the respective
spins.

[0090] As such, the magnetic field gradient generated by
the X-axis gradient coils 156 is used for frequency encoding.
[0091] As described above, the magnetic field gradients
generated by the 7, Y, and X axes gradient coils realize spatial
encoding to encode spatial positions of the respective spins
via slice selection, phase encoding, and frequency encoding.
[0092] The gradient coil assembly 152 is connected to the
gradient controller 130, which applies a drive signal to the
gradient coil assembly 152 in response to a control signal
transmitted from the pulse sequence controller 122, to enable
generation of the magnetic field gradients.

[0093] The gradient controller 130 may include three driv-
ing circuits corresponding to the three pairs of gradient coils
154, 155 and 156 of the gradient coil assembly 152.

[0094] As described above, atomic nuclei aligned by a
magnetic field perform precession at a Larmor frequency. A
magnetization vector sum of multiple atomic nuclei may be
designated by a single net magnetization M.

[0095] A Z-axis component of the net magnetization is not
measured and only M, is detectable. Thus, to acquire an MR
signal, atomic nuclei is excited so that the net magnetization
is present over an XY plane. For excitation of atomic nuclei,
an RF pulse tuned to a Larmor frequency may be applied to
the static magnetic field.

[0096] TheRF coil assembly 153 includes a transmit coil to
transmit an RF pulse and a receive coil to receive electromag-
netic waves emitted from the excited atomic nuclei, i.e., an
MR signal.

[0097] The RF coil assembly 153 is connected to the RF
transmitter 140, and the RF transmitter 140 applies a drive
signal to the RF coil assembly 153 in response to a control
signal transmitted from the pulse sequence controller 122 to
enable transmission of the RF pulse.

[0098] The RF transmitter 140 may include a modulator
circuit to modulate an output signal into an RF pulse signal,
and an RF power amplifier to amplify the RF pulse signal.
[0099] The RF coil assembly 153 is also connected to the
image processor 160. The image processor 160 includes a
data receiver 161 to receive the MR signal from the RF coil
assembly 153 and generate data for formation of an MR
image, and a data processor 163 to form an MR image by
processing the received data.

[0100] The data receiver 161 includes a preamplifier to
amplify the MR signal received by the receive coil of the RF
coil assembly 153, a phase detector to detect a phase of the
MR signal received from the preamplifier, and an analog-to-
digital (A/D) converter to convert an analog signal acquired
by the phase detector into a digital signal. The data receiver
161 transmits the digitized MR signal to a data storage 162.
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[0101] The data storage 162 has a data space defined as a
two-dimensional (2D) Fourier space. When all of the scanned
data is stored in the data storage 162, the data processor 163
performs 2D inverse Fourier transform on the data within the
2D Fourier space to reconstruct an image of the object 200.
The reconstructed image is displayed on the display 112.

[0102] A spin echo pulse sequence may be used to acquire
an MR signal from atomic nuclei. When the RF coil assembly
153 sequentially applies a first RF pulse and a second RF
pulse with an appropriate time interval At therebetween, the
atomic nuclei show strong transverse magnetization after a
time At lapses after application of the second RF pulse, which
enables acquisition of an MR signal.

[0103] This method is referred to as a spin echo pulse
sequence, and the time between the application ofthe first RF
pulse and generation of the MR signal is called time echo
(TE).

[0104] A flip angle of protons may be represented as 90° RF
pulse, 180° RF pulse, or the like based on the flip degree with
respect to an axis where the protons are located before being
flipped.

[0105] However, if motion of a patient occurs during scan-
ning for functional MRI, a functional image acquired by
fanctional MRI may have artifacts.

[0106] The brain does substantially not vary in shape dur-
ing scanning, and the entire shape shows only translation in
any one direction of upper and lower and left and right direc-
tions or rotation by motion of a patient.

[0107] FIGS. 6 to 8 are views conceptually illustrating
movement of a functional image depending on motion of an
object.

[0108] With motion of the object, as illustrated in FIG. 6, an
image of the brain, which has undergone upward or down-
ward translation as compared to an image when no motion of
the object occurs, is acquired.

[0109] Asillustrated in FIG. 7, animage of the brain, which
has undergone rotation by motion of a patient as compared to
an image when no motion of the object occurs, may be
acquired.

[0110] Asillustrated in FIG. 8, animage ofthe brain, which
has undergone translation and rotation by motion of a patient
as compared to an image when no motion of the object occurs,
may be acquired.

[0111] Aseries of functional image data, which have under-
gone translation or rotation by motion of a patient during
scanning, may be subjected to correction of effects of trans-
lation and rotation due to motion of the object via registration.

[0112] Rigid body registration may be used as registration
of functional image data. Rigid body registration is image
registration using only translation and rotation of images
under the assumption that there occurs no deformation or
distortion of an anatomical area of interest. Since the brain
has no temporal deformation as compared, for example, to the
heart or the lungs that deform temporarily because of the
heartbeat and breathing, functional image data of the brain
may be subjected to rigid body registration.

[0113] However, functional image data acquired by func-
tional MRI may contain artifacts, such as geometric distor-
tion, intensity non-uniformity, and the like, and may be
unsuitable for correction of effects due to the motion of an
object based on anatomical information. Also, the functional
image data is focused on functional analysis to measure varia-
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tion in blood flow rather than anatomical information, and,
therefore, may be unsuitable for registration based on ana-
tomical information.

[0114] An exemplary embodiment proposes a method of
acquiring a functional image by using structural image data
that shows an anatomical structure of a scan of the object for
data registration for motion correction of functional image
data. Although, in an exemplary embodiment, the acquisition
ofthe functional MR images ofthe brain is described in detail,
this is only an example. An exemplary embodiment is not
limited to the functional imaging of the brain, and may be
applicable to metabolism functional images, temperature
images, pain representing images, spectroscopic images, and
the like.

[0115] Temperature images are acquired via an imaging
method that monitors a temperature of an object using a
sequence to determine temperature variation, and may be
utilized in treatments using High Intensity Focused Ultra-
sound (HIFU). Metabolism functional images are acquired
via an imaging method that monitors the density of a metabo-
lism material, such as sodium, phosphorus, carbon, ATP, and
the like. Spectroscopic images are acquired via an imaging
method that monitors information on the density of a chemi-
cal material within a voxel that constitutes an image.

[0116] Accordingly, a method of acquiring a functional
image by correcting effects due to the motion of an object, by
using structural image data, which is described in detail
below, may be applied to the aforementioned images.

[0117] FIGS. 9 to 11 are views conceptually illustrating
various methods of acquiring structural image data in relation
to acquisition of functional image data according to an exem-
plary embodiment.

[0118] FIG. 9A conceptually illustrates volume data of a
functional image that is constituted of slices. FIG. 9B con-
ceptually illustrates volume data of a structural image that is
constituted of slices.

[0119] As illustrated in FIGS. 9A and 9B, the image pro-
cessor 160 may acquire structural image data by acquiring
slice data of volume data of a structural image whenever slice
data of volume data of a functional image is acquired. That is,
structural image data is acquired by alternately acquiring
slice data of a functional image and slice data of a structural
image.

[0120] InFIG.9A, slice data of volume data of a functional
image includes slices F1, F2, and F3 to Fn. In FIG. 9B, slice
data of volume data of a structural image includes slices S1,
S2, and S3 to Sn.

[0121] Arrows connecting the slice data represent an acqui-
sition sequence of the slice data of the functional image and
the slice data of the structural image.

[0122] As represented by the arrows, the functional slice
data F1, the structural slice data S1, the functional slice data
F2, the structural slice data S2, the functional slice data F3,
and the structural slice data S3 are acquired in this order. As
such, slice data of the structural image is acquired between
the acquisitions of the respective slices of the functional
image.

[0123] FIGS. 10A and 10B illustrate another method of
acquiring structural image data.

[0124] FIG. 10A conceptually illustrates multiple volume
data of a functional image, such as portions or slabs that are
constituted of slices. FIG. 10B conceptually illustrates mul-
tiple volume data of a structural image, such as portions or
slabs that are constituted of slices.
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[0125] The image processor 160 may acquire structural
image data by acquiring one volume data slab of a structural
image whenever one volume data slab of a functional image
is acquired. That is, structural image data is acquired by
alternately acquiring volume data slabs of a functional image
and the volume data slabs of a structural image.

[0126] In FIG. 10A, volume data slabs of a functional
image include slabs Fv1 and Fv2 to Fvn. In FIG. 10B, volume
data slabs of a structural image include slabs Sv1 and Sv2 to
Sva.

[0127] Arrows connecting the respective volume data slabs
represent an acquisition sequence of the volume data slabs of
the functional image and the volume data slabs of the struc-
tural image.

[0128] Asrepresented by the arrows, the functional volume
data slab Fv1, the structural volume data slab Sv1, the func-
tional volume data Fv2, the structural volume data slab Sv2,
the functional volume data Fvn, and the structural volume
data slab Svn are acquired in this order. As such, each of the
volume data slabs ofthe structural image is acquired between
the acquisitions of the respective volume data slabs of the
functional image.

[0129] FIG. 11 illustrates another method of acquiring
structural image data.

[0130] In FIG. 11, the sections for de-activation and acti-
vation of a specific function of interest to be confirmed via a
functional image alternate with one another, as designated by
a design-matrix for acquisition of the functional image.
[0131] Forexample, when attempting to confirm functional
variation in the brain when an object views a particular image
and when the object does not view the particular image, the
case when the particular image is viewed corresponds to the
activation section and the case when the particular image is
not viewed corresponds to the de-activation section. Alterna-
tively, when attempting to confirm functional difference in
the brain when the object speaks and when the object does not
speak, the case when the object speaks corresponds to the
activation section, and the case when the object does not
speak corresponds to the deactivation section.

[0132] Volume data of a functional image acquired in the
first deactivation section 302 is designated by Fvdl11, Fvd12,
and Fvdln, and volume data of a functional image acquired in
the second deactivation section 304 is designated by Fvd21,
Fvd22, and Fvd2n. Volume data of the functional image
acquired in the activation section 306 is designated by Fval,
Fva2, and Fvan. Volume data of a structural image corre-
sponding to the first deactivation section is designated by Sv1,
corresponding to the activation section is designated by Sv2,
and corresponding to the second deactivation section is des-
ignated by Sv3.

[0133] Theimage processor 160 may acquire multiple vol-
ume data slabs of a functional image in the activation section
and the first and second deactivation sections.

[0134] Acquisition of structural image data illustrated in
FIG. 11 is not carried out according to the slice data or the
volume data slab of a functional image, as described above
with reference to FIGS. 9 and 10, but is carried out according
to the activation and deactivation sections in which multiple
volume data slabs of a functional image are acquired.
[0135] The volume data slabs Sv1, Sv2, and Sv3 of a struc-
tural image are acquired one by one in each of the activation
section and the first and second deactivation sections.
Although FIG. 11 illustrates acquisition of one volume data
slab of a structural image on a per section basis, an exemplary
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embodiment is not limited thereto, and more than one volume
data slab of a structural image may be acquired in each of the
activation and deactivation sections. Further, although FIG.
11 illustrates one activation section and two de-activation
sections, the number of sections is not limited thereto.

[0136] When the structural image data is acquired by the
method illustrated in FIG. 9 or FIG. 10, the volume data of a
functional image and the volume data of a structural image
correspond to each other in a ratio of 1 to 1, which ensures
acquisition of more accurate information related to the
motion of an object, from the structural image data.

[0137] When the structural image data is acquired by the
method illustrated in FIG. 11, the volume data of a functional
image and the volume data of a structural image correspond to
each other in a ratio of n to 1, which reduces time for the
acquisition of the structural image data, resulting in a reduced
time for the acquisition of a functional image. That is, when
correcting the functional image data by acquiring the struc-
tural image data via the methods of FIGS. 9 and 10, effects
due to motion of an object may be more accurately corrected
even if a longer time is taken. When correcting the functional
image data by acquiring the structural image data via the
method of FIG. 11, a time taken for acquisition of a functional
image may be reduced, although the correction accuracy of
the effects due to the motion of an object may be lower.

[0138] Accordingly, acquiring the structural image data by
the method of FIG. 11 may be used when less motion of an
object is expected, while acquiring the structural image data
by the method of FIG. 9 or FIG. 10 may be used when a
greater degree of motion of an object is expected.

[0139] As described above with reference to FIGS. 910 11,
although structural image data may be acquired per slice data
or volume data, or per activation section or deactivation sec-
tion, this is only an example and an exemplary embodiment is
not limited thereto. Slice data or volume data of a structural
image may be acquired at a predefined time interval.

[0140] A method of improving an acquisition speed of
structural image data is described in detail below with refer-
ence to FIGS. 12 o 16.

[0141] FIGS. 14A and 14B illustrate formation of a k-space
via sampling of the entire echo signal. A 3D figure of the
k-space formed by sampling the entire echo signal is concep-
tually illustrated in FIG. 14B, and a 2D figure of the k-space
is illustrated, using graphs and images, in FIG. 16A.

[0142] FIG. 16A illustrates a functional MR image of the
brain acquired from the k-space that is formed by sampling
the entire echo signal.

[0143] FIGS.15A and 15B illustrate formation of a k-space
via sampling of a low-frequency region corresponding to a
center region of an echo signal. A 3D figure of the k-space
formed by sampling the low-frequency region of the echo
signal is conceptually illustrated in FIG. 15B, and a 2D figure
of the k-space is illustrated, using graphs and images, in
FIGS. 16B and 16C. FIG. 16B illustrates the k-space formed
by sampling a wide low-frequency region of the echo signal,
and FIG. 16C illustrates the k-space formed by sampling a
narrow low-frequency region of the echo signal.

[0144] Comparing structural MR images acquired from the
k-spaces illustrated in FIGS. 16A, 16B and 16C, the resolu-
tion of the structural MR image acquired by sampling the
entire echo signal of FIG. 16 A is superior to the resolution of
the image of FIG. 16B or 16C. The resolution of the structural
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MR image of FIG. 16B is superior to the resolution of the
image of FIG. 16C. However, these images have no substan-
tial difference in contrast.

[0145] Structural image data is used to calculate informa-
tion related to the motion of an object, and, thus, may require
contrast suitable to simply recognize motion of the object.
Accordingly, although structural image data may be acquired
from the k-space formed by sampling the entire echo signal as
illustrated in FIG. 16A, to achieve more rapid acquisition of
structural image data, structural image data may be acquired
from the k-space formed by sampling the low-frequency
region of the echo signal, as illustrated in FIGS. 16B and 16C.
[0146] In general, data located in the center of the k-space
determines the contrast of an image and the strength of a
signal. This is because the data located in the center of the
k-space is data in phase owing to focusing of spins during
frequency encoding differently from the surrounding area as
illustrated in FIG. 12. This data also experiences no or less
phase shift during phase encoding as illustrated in FIG. 13. As
appreciated from FIG. 13, an echo signal acquired at a small
TR number is located in the center of the k-space, and, for
example, a degree of phase shift is low at TR#2.

[0147] For this reason, to achieve more rapid acquisition of
structural image data, the k-space is formed by sampling the
low-frequency region as the center region of the echo signal
that determines the contrast of an image and the strength of
the signal and, thus, may have a dominant effect on image
reconstruction.

[0148] Although FIGS. 16A, 16B, and 16C illustrate an
orthographic k-space formed by sampling an echo signal
using orthogonal coordinates, an exemplary embodiment is
not limited thereto. Structural image data may be acquired
from a k-space formed via radial trajectory sampling or spiral
sampling.

[0149] As described above, an acquisition speed of struc-
tural image data may be improved as a result of forming the
k-space by sampling the low-frequency region of the echo
signal. Acquisition speed of structural image data may be also
be improved by sampling the echo signal via compressed
sensing.

[0150] Sampling is carried out to convert an analog signal
into a digital signal, and accurate recovery of a signal may be
possible using samples taken at the Nyquist rate of twice the
highest frequency present in the signal of interest.

[0151] The compressed sensing proposes a method of
recovering a signal even without samples taken at the Nyquist
rate or more, 1.e., amethod of recovering an original signal via
sub-Nyquist sampling. This method is based on the assumed
presence of so-called sparse signals as typical signals, which
mostly have values of zero when transformed into a particular
signal space.

[0152] A sparse signal is a signal whose y values at most x
values are zeroes and y values at a relatively small number of
x values are non-zero values when drawn on an X-Y plot.
With the theory of compressed sensing, a sparse signal may
be recovered even via a small number of linear measure-
ments.

[0153] Accordingly, since compressed sensing enables
speedy signal sampling, acquiring structural image data by
sampling an echo signal via compressed sensing may reduce
data acquisition time.

[0154] Compressed sensing is a sampling method known to
those skilled in the art, and thus a detailed description thereof
is omitted.
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[0155] As described above, to reduce time for acquisition
of structural image data, a k-space may be formed by sam-
pling a low-frequency region of an echo signal or by sampling
an echo signal via compressed sensing.

[0156] FIG. 17 is a view conceptually illustrating a proce-
dure of acquiring information related to motion of an object
based on structural image data, and acquiring a functional
image whose artifacts caused by motion of an object are
corrected via registration of functional image data based on
the acquired information.

[0157] If structural image data is acquired, the image pro-
cessor 160 acquires a structural image via the described-
above rigid body registration of structural image data.
[0158] The image processor 160 calculates a transforma-
tion matrix used in the registration of structural image data,
and uses the transformation matrix for registration of func-
tional image data.

[0159] As described above, functional image data is unsuit-
able for correction of effects due to motion of an object based
on anatomical information of the functional image data.
Therefore, the transformation matrix is calculated from the
registration of structural image data that clearly reveals an
anatomical structure.

[0160] Since structural image data clearly reveals an ana-
tomical structure of an object’s organ and the transformation
matrix used to register structural image data is also used to
register functional image data, it may be possible to remove
effects due to motion of the object revealed in functional
image data.

[0161] FIG. 18 is a flowchart illustrating a method of
acquiring a functional image using the MRI apparatus
according to an exemplary embodiment.

[0162] Referring to FIG. 18, functional image data and
structural image data with respect to an object are acquired
(operations S200 and S210).

[0163] Various methods of acquiring structural image data
in relation to acquisition of functional image data are
described above with reference to FIGS. 9 to 11.

[0164] With reference to FIG. 19, the image processor 160
may determine the method to acquire the structural image
data (operation S300). For example, the method may be a
method described with reference to FIGS. 9-11 and may be
determined based on expected degree of the object motion,
image quality objectives, time constraints of imaging, etc.
[0165] In operation S302, the image processor 160 may
determine whether a degree of the object motion is expected
to be greater or lower. For example, if an object is achild or an
animal, a degree of motion may be expected to be greater.
[0166] Theimage processor 160 may classify the degree of
motion into, for example, the great, medium, and low levels.
Alternatively, a degree of object motion may be determined at
the pre-examination stage by examining the previous records
of the object or estimating the object motion with a sensor.
[0167] In operation S304, it may be determined that the
expected object motion is great, and the image processor 160
may determine the method to acquire the structural image
data according to an exemplary embodiment described above
with reference to FIG. 9. This determination may be also
made when the image processor 160 determines that an image
of a higher quality is desired and/or when there is no great
time constraints with respect to image acquisition. That s, the
structural image data is acquired by alternately acquiring the
slice data of a functional image and the slice data of a struc-
tural image (operation S305).
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[0168] In operation S306, if it is determined that the
expected object motion is medium, the image processor 160
may determine the method to acquire the structural image
data according to an exemplary embodiment described above
with reference to FIG. 10. This determination may be also
made when the image processor 160 determines that an image
of a lower quality is acceptable and/or there is a time con-
straint with respect to image acquisition.

[0169] In operation S308, the image processor 160 may
acquire structural image data by acquiring one volume data
slab of a structural image whenever one volume data slab ofa
functional image is acquired. That is, structural image data is
acquired by alternately acquiring volume data slab of a func-
tional image and volume data slab of a structural image.
[0170] In operation S306, if it is determined that the
expected object motion is low, the image processor 160 may
determine the method to acquire the structural image data
according to an exemplary embodiment described above with
reference to FIG. 11. This determination may be also made
when the image processor 160 determines that an image of a
lower quality is acceptable and when there is great time
constraints with respect to image acquisition.

[0171] In operation S310, the image processor 160 may
acquire multiple volume data slabs of a functional image in
the activation section and each of respective volume data
slabs in the deactivation section.

[0172] Also, as illustrated in FIG. 19, the image processor
160 may perform the registration prior to or during acquiring
the structural image data, by using, for example, a rigid reg-
istration (operation S312). Further, some operations
described above with reference to FIG. 19 may be omitted,
and the image processor 160 may determine the method to
proceed based on the pre-stored criteria or on a user selection,
in operation S300.

[0173] A method of improving an acquisition speed of
structural image data is described above with reference to
FIGS. 12 to 16 and is not repeated.

[0174] With reference again to FIG. 18, if the structural
image data is acquired, information related to the motion of
the object is acquired from the acquired structural image data
(operation S220).

[0175] Acquiring information related to the motion of an
object based on structural image data, and acquiring a func-
tional image whose artifacts caused by motion of an object are
corrected via registration of functional image data based on
the acquired information is described above in detail with
reference to FIG. 17.

[0176] With reference to FIG. 20, the pieces of structural
image data are acquired, and the image processor 160
acquires a structural image by using the rigid body registra-
tion of the structural image data, in operation S402.

[0177] In operation S404, the image processor 160 calcu-
lates a transformation matrix used in the registration of struc-
tural image data.

[0178] Inoperation S406,the image processor 160 registers
the functional image data based on the transformation matrix
used in the registration of the structural image data.

[0179] As described above, the functional image data may
be unsuitable for correction of effects due to the motion of an
object based on anatomical information of the functional
image data. Therefore, the transformation matrix is calcu-
lated by using the registration of the structural image data that
clearly reveals an anatomical structure.
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[0180] That is, information related to motion of the object
calculated via the structural image data is represented as the
transformation matrix used in the registration of the structural
image data.

[0181] With reference again to FIG. 18, when the informa-
tion related to motion of the object is calculated, artifacts of
the functional image data are corrected based on the informa-
tion (operation S230), and a functional image whose artifacts
are corrected is acquired (operation S240).

[0182] Thus, the transformation matrix used in registration
of the structural image data is calculated, and the image
processor 160 performs a registration of the functional image
data by using the calculated transformation matrix.

[0183] Since the transformation matrix is calculated based
on the structural image data that clearly shows an anatomical
structure, registering the functional image data using the
transformation matrix enables correction of artifacts due to
the motion of the object.

[0184] Thus, the display displays a functional image whose
artifacts are corrected via registration of the functional image
data.

[0185] As is apparent from the above description, accord-
ing to an aspect of an exemplary embodiment, information
related to motion of an object may be more accurately
acquired, which enables more accurate correction of artifacts
due to motion of the object.

[0186] Further, statistical accuracy and reliability may be
improved upon analysis of functional images.

[0187] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not to be construed as
limiting. The present teaching can be readily applied to other
types of apparatuses. Also, the description of the exemplary
embodiments is intended to be illustrative, and not to limit the
scopeofthe claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.

1. A method of processing data acquired by a magnetic
resonance imaging (MRI) apparatus, the method comprising:

acquiring functional MR image data of an object which

reflects a physiological function of the object;
acquiring structural MR image data of the object which
represents an anatomical structure of the object;
determining motion information of the object based on the
structural MR image data; and
correcting the functional MR image data based on the
motion information of the object to generate a corrected
functional MR image of the object,

wherein portions of the structural MR image data are

acquired in correspondence with an acquisition of cor-
responding portions of the functional MR image data.

2. The method according to claim 1, wherein the motion
information is determined based at least on first structural MR
image data acquired before a portion of the functional MR
image data is acquired and second structural MR image data
acquired after the portion of the functional MR image data is
acquired.

3. The method according to claim 2, wherein the functional
MR image data comprises volume data generated based on a
plurality of MR images,

the first structural MR image data comprises volume data

generated based on a plurality of MR images, and

the second structural MR image data comprises volume

data generated based on a plurality of MR images.

4. The method according to claim 3, wherein a time interval
for acquiring the functional MR image data is greater than a
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time interval for acquiring the first structural MR image data
and the second structural MR image data.

5. The method according to claim 1, wherein the functional
MR image includes at least one of a brain functional image, a
metabolism functional image, a temperature image, and a
spectroscopic image.

6. The method according to claim 1, wherein the acquiring
the structural MR image data includes acquiring the structural
MR image data at time intervals.

7. The method according to claim 1, wherein the acquiring
the structural MR image data includes acquiring the portions
of the structural MR image data between acquisitions of
respective portions of the functional MR image data.

8. The method according to claim 7. wherein the functional
MR image data and the structural MR image data include
slice image data.

9. The method according to claim 7, wherein the functional
MR image data and the structural MR image data include
volume image data slabs.

10. The method according to claim 1, wherein the acquir-
ing the structural MR image data includes acquiring the struc-
tural image data in each of an activation section and a deac-
tivation section of a function of interest.

11. The method according to claim 1, wherein the acquir-
ing the structural MR image data includes:

forming a k-space by sampling an echo signal of the object

via compressed sensing; and

acquiring the structural MR image data from the k-space.

12. The method according to claim 1, wherein the acquir-
ing the structural MR image data includes:

forming a k-space by sampling a low-frequency region of

an echo signal of the object; and

acquiring the structural MR image data from the k-space.

13. The method according to claim 1, wherein the acquir-
ing the motion information includes:

registering the structural MR image data; and

calculating a transformation matrix used in a registration of

the structural MR image data.

14. The method according to claim 13, wherein the obtain-
ing the functional MR image includes:

obtaining the functional MR image whose artifacts due to

a motion of the object are corrected by registering the
functional MR image data based on the transformation
matrix.

15. A magnetic resonance imaging (MRI) apparatus com-
prising:

aprocessor thatacquires functional MR image data reflect-

ing a physiological function of an object and structural
MR image data representing an anatomical structure of
the object, determines motion information of the object
based on the structural MR image data, and corrects the
functional MR image data based on the motion informa-
tion, to generate a corrected functional MR image of the
object; and

a display that displays the corrected functional MR image,

wherein the processor acquires portions of the structural

MR image data in correspondence with an acquisition of
corresponding portions of the functional MR image
data.

16. The apparatus according to claim 15, wherein the
motion information is determined based at least on first struc-
tural MR image data acquired before a portion of the func-
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tional MR image data is acquired and second structural MR
image data acquired after the portion of the functional MR
image data is acquired.

17. The apparatus according to claim 16, wherein the func-
tional MR image data comprises volume data generated
based on a plurality of MR images,

the first structural MR image data comprises volume data

generated based on a plurality of MR images, and

the second structural MR image data comprises volume

data generated based on a plurality of MR images.

18. The apparatus according to claim 17, wherein a time
interval for acquiring the functional MR image data is greater
than a time interval for acquiring the first structural MR image
data and the second structural MR image data.

19. The apparatus according to claim 15, wherein the pro-
cessor acquires the structural MR image data at time inter-
vals.

20. The apparatus according to claim 15, wherein the pro-
cessor acquires the structural MR image data between acqui-
sitions of respective functional MR image data.

21. The apparatus according to claim 20, wherein the func-
tional MR image data and the structural MR image data
include slice image data.

22. The apparatus according to claim 20, wherein the func-
tional MR image data and the structural MR image data
include volume image data.

23. The apparatus according to claim 15, wherein the pro-
cessor acquires the structural MR image data in each of an
activation section and a deactivation section of a function of
interest.

24. The apparatus according to claim 15, wherein the pro-
cessor forms a k-space by sampling an echo signal of the
object via compressed sensing, and

acquires the structural MR image data from the k-space.

25. The apparatus according to claim 15, wherein the pro-
cessor forms ak-space by sampling a low-frequency region of
an echo signal of the object, and

acquires the structural MR image data from the k-space.

26. The apparatus according to claim 15, wherein the pro-
cessor registers the structural MR image data,

calculates a transformation matrix used in a registration of

the structural MR image data, and

acquires the functional MR image whose artifacts due to a

motion of the object are corrected, by registering the
functional MR image data based on the transformation
matrix.
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27. A magnetic resonance imaging (MRI) method com-
prising:
acquiring, substantially contemporaneously, pieces of
functional MR image data reflecting a physiological
function of an object and pieces of structural MR image
data representing an anatomical structure of an object;

acquiring transformation parameters of the pieces of the
structural MR image data with respect to an object
motion;

correcting the pieces of the functional MR image data

based on the transformation parameters, for the object
motion; and

obtaining a functional MR image of the object,

wherein portions of the structural MR image data are

acquired in correspondence with an acquisition of cor-
responding portions of the functional MR image data.

28. The method according to claim 27, wherein the func-
tional MR image includes at least one of a brain functional
image, a metabolism functional image, a temperature image,
and a spectroscopic image.

29. The method according to claim 27, wherein the acquir-
ing the pieces of the functional MR image data and the pieces
of the structural MR image data comprises one of:

acquiring slices of the functional MR image data alterna-

tively with acquiring respective slices of the structural
MR image data,

acquiring slabs of the functional MR image data alterna-
tively with acquiring respective slabs of the structural
MR image data, and

acquiring multiple slabs of the functional MR image data
and acquiring one respective slab of the structural MR
image data.

30. The method according to claim 27, wherein the acquir-
ing the transformation parameters comprises:

registering the structural MR image data, and

calculating a transformation matrix of the acquired pieces
of the structural MR image data; and

wherein the correcting comprises:

registering the functional MR image data based on the
transformation matrix; and

correcting artifacts due to the object motion.
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