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(57) ABSTRACT

The disclosure relates to a method for calibration in a
magnetic resonance (MR) imaging procedure, in which MR
imaging data is acquired simultaneously from a multiplicity
of'slices of a subject under examination, wherein at least one
subsampled calibration dataset is generated from a fully
sampled reference dataset of an individual slice by rearrang-
ing an order of the data points in the reference dataset. In
addition, a reconstruction dataset, which is used to assign
MR imaging data to the individual slice, is calculated based
on the rearranged order of the at least one calibration dataset,
wherein the MR imaging data of the individual slice is
subsampled in k-space.
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METHOD FOR CALIBRATION IN A
MAGNETIC RESONANCE IMAGING
PROCEDURE

[0001] The application claims the benefit of German Pat-
ent Application No. DE 10 2017 209 988.7, filed Jun. 13,
2017, which is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a method for
calibration in a magnetic resonance (MR) imaging proce-
dure, in which MR imaging data is acquired simultaneously
from a multiplicity of slices of a subject under examination.
The disclosure also relates to the associated magnetic reso-
nance system for performing the method. A computer pro-
gram product and an electrically readable data storage
medium are also provided.

BACKGROUND

[0003] Various techniques are known for reducing the
measurement time needed for MR imaging. For instance,
techniques are known for exciting the core magnetization
simultaneously in a plurality of slices of the region under
examination and acquiring MR imaging data simultaneously
from the plurality of slices. Such techniques may be referred
to as simultaneous multislice (SMS) imaging.

[0004] There are a large number of different methods for
performing SMS imaging. A parallel imaging technique
called partial parallel acquisition (PPA) is conventionally
used to separate the MR imaging data and includes a
slice-specific reconstruction dataset for each of the slices. A
recently introduced method is the method introduced by
Setsompop et al. (MRM 2012), “Blip-controlled aliasing in
parallel imaging” (Blipped-CAIPI), which is described in
more detail in the article by Setsompop, Kawin, et al.,
“Blipped-controlled aliasing in parallel imaging for simul-
taneous multislice echo planar imaging with reduced g-fac-
tor penalty.”, Magnetic Resonance in Medicine 67 (2012),
1210-1224. This method uses what is known as a multiband
pulse to excite a plurality of slices simultaneously. In
addition, the pulse waveforms for all the bands are summed,
resulting in a multiband pulse modulated into a carrier band.
For each excited slice, a linear phase ramp is added in
k-space along the slice direction.

[0005] In order to reduce losses relating to the g-factor,
offsets between the slices are produced during readout either
by gradient blips on the slice axis or by modeling the phase
of the RF pulses. After acquisition, the simultaneously
excited slices are combined into a single slice. The slices
may be separated from one another in post-processing using
a slice-GRAPPA method (Setsompop et al., MRM 2012). If
an acceleration is additionally applied in the slice plane,
reconstruction in the slice plane is performed in a second act
using the GRAPPA method.

[0006] The turbo-spin-echo (TSE) sequence is a sequence
that is widely used in the clinical field for examining
numerous body regions. The TSE sequence includes a
plurality of echo sequences, with a plurality of phase encod-
ing lines of the full k-space being acquired in each echo train
after one excitation pulse. This is achieved by using refo-
cusing pulses to refocus the spins after each readout line is
acquired. Thus, compared with the conventional spin-echo
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(SE) sequence, the acquisition time is reduced by the num-
ber of refocused echoes in an echo sequence (what is known
as the turbo factor).

[0007] To facilitate the separation of the combined mul-
tiband data, a reference scan is acquired in addition to the
multiband data using a single band, which covers all the
slices. Current SMS-TSE implementations contain a TSE or
gradient-echo (GRE) reference scan before the acquisition
of'the SMS data. This reference scan is then used to perform
both the calibration of the kernels for the slice-GRAPPA
method and the calibration of the kernels for the GRAPPA
method in the slice plane. After the slice-GRAPPA recon-
struction is carried out for generating slice data of the slices,
(which slice data is subsampled in k-space), calibration data
for calculating the kernel of the slice-GRAPPA method is
subsampled likewise. Reference lines are consequently
deleted in the current implementation. For example, a ref-
erence scan for a SMS 2, iPAT 2 (R=2) acquisition includes
64 k-space lines. For the GRAPPA method in the slice plane,
all the 64 reference lines may be used. For SMS, only
64/R=32 reference lines may be used. For iPAT 3 (R=3),
only 64/3=21 reference lines may be used. This may lead to
a reduced signal-to-noise ratio, separation artifacts and
incorrect assignments of MR signals to the individual slices.
The number of scanned reference lines may be increased to
offset these disadvantages. This is inefficient, however,
because the proportion of deleted data remains the same and
yet the scan time is still extended. Besides the longer scan
time, other disadvantages also arise, such as a greater
probability that the patient moves during the reference scan,
an increased SAR load, and, in the case of a TSE reference
scan, T2 decay and a reduced signal as a result.

[0008] U.S. Patent Application Publication No. 2016/
0313433 Al and U.S. Patent Application Publication No.
2015/0115958 Al disclose simultaneous multislice mea-
surement methods.

SUMMARY AND DESCRIPTION

[0009] The scope of the present disclosure is defined
solely by the appended claims and is not affected to any
degree by the statements within this description. The present
embodiments may obviate one or more of the drawbacks or
limitations in the related art.

[0010] An object of the present disclosure is to provide an
improved method for calibration in a magnetic resonance
imaging procedure, in which MR imaging data is acquired
simultaneously from a multiplicity of slices of a subject
under examination, wherein the method does not have the
disadvantages mentioned above and has both a shorter scan
time and improved MR image quality.

[0011] According to a first aspect, a method is provided for
calibration in a magnetic resonance imaging procedure, in
which MR imaging data is acquired simultaneously from a
multiplicity of slices of a subject under examination. In one
act, at least one reference dataset of an individual slice is
provided, which reference dataset is fully sampled in
k-space and includes a multiplicity of data points. In a
further act, at least one calibration dataset is generated by
rearranging an order of the data points in the at least one
reference dataset. The at least one calibration dataset may
contain substantially the same data points as the at least one
reference dataset. In a further act, a reconstruction dataset,
(which is used to assign MR imaging data to the individual
slice), is calculated on the basis of the calibration dataset and
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in particular on the basis of the rearranged order of the data
points in the at least one calibration dataset.

[0012] The method for calibration in a magnetic resonance
imaging procedure, in which MR imaging data is acquired
simultaneously from a multiplicity of slices of a subject
under examination, has a higher signal-to-noise ratio, pro-
duces fewer artifacts in the separation of slice data, and
exhibits fewer assignment errors in the separation of slice
data than for conventional calibration methods, because a
larger amount of data, (e.g., information), from a reference
dataset is used for the calibration. This provides a more
efficient calibration method, which provides a shorter
examination time, and thus lower examination costs, and
improved MR image quality compared with known calibra-
tion methods of MR imaging.

[0013] The method may also include shifting at least one
k-space line from a first position in the order in the at least
one reference dataset to a second position in the order.
Shifting at least one k-space line from a first position in the
order in the at least one reference dataset to a second
position in the order allows more efficient and faster gen-
eration of a calibration dataset, which contains a larger
number of data points of the reference dataset.

[0014] Calculating a reconstruction dataset may be per-
formed using a calculation technique, in particular a sliding-
window technique, which takes into account in the calcula-
tion the rearranged order of the data points in the at least one
calibration dataset. Calculating a reconstruction dataset
using a calculation technique, (e.g., a sliding-window tech-
nique), which takes into account in the calculation the
rearranged order of the data points in the at least one
calibration dataset allows more efficient and faster genera-
tion of a calibration dataset, which contains a larger number
of data points of the reference dataset.

[0015] The method may further include using the recon-
struction dataset to reconstruct at least one slice dataset from
the MR imaging data, wherein the at least one slice dataset
includes only MR imaging data from the individual slice and
is subsampled in k-space. Using the reconstruction dataset to
reconstruct at least one slice dataset, wherein the at least one
slice dataset includes only MR imaging data from the
individual slice and is subsampled in k-space, allows the MR
imaging data to be assigned to each of the multiplicity of
slices, resulting in a higher signal-to-noise ratio, fewer
artifacts being produced, and fewer assignment errors.
[0016] A reference dataset may be provided for each slice,
and at least one calibration dataset may be generated for
each slice by rearranging an order of the data points in the
corresponding reference dataset. Providing a reference data-
set for each slice and generating at least one calibration
dataset for each slice allows improved quality in assignment
of the MR imaging data to each of the multiplicity of slices,
resulting moreover in an even higher signal-to-noise ratio,
fewer artifacts being produced and fewer assignment errors.
[0017] The data points of the reference dataset may be
arranged in k-space in lines and rearranging an order of the
data points in the reference dataset may include rearranging
an order of the lines of the reference dataset. Rearranging an
order of the lines of the reference dataset allows even more
efficient and faster generation of a calibration dataset, which
contains a larger number of data points of the reference
dataset.

[0018] An order of the data points in the at least one
reference dataset may be rearranged in the manner that the
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at least one calibration dataset is subsampled in k-space by
the same factor as the MR imaging data originating from an
individual slice. Subsampling the at least one calibration
dataset in k-space by the same factor as the MR imaging data
originating from an individual slice provides improved MR
image quality, with an even greater signal-to-noise ratio and
fewer artifacts being provided and fewer assignment errors
being provided when assigning MR imaging data originat-
ing from the individual slice to a slice dataset.

[0019] Rearranging an order of the data points in the at
least one reference dataset may include assigning the data
points to at least two segments of the calibration dataset. The
at least two segments may each be subsampled by the same
factor as the MR imaging data originating from an indi-
vidual slice. The rearrangement may also include attaching
the at least two segments to one another. Assigning the data
points to at least two segments of the calibration dataset
allows more efficient and faster generation of a calibration
dataset, which contains a larger number of data points of the
reference dataset.

[0020] The imaging data originating from an individual
slice may be subsampled in k-space by the factor a, and
rearranging an order of the data points in the at least one
reference dataset may include attaching a segments to one
another, which segments have been subsampled by the
factor a. Attaching segments a to one another, which seg-
ments have been subsampled by the factor a, allows more
efficient and faster generation of a calibration dataset, which
is subsampled by the factor a and contains a larger number
of data points of the reference dataset.

[0021] Rearranging an order of the data points in the
reference dataset may include arranging the n” lines in an n”
segment for each value of n={1, 2, . . . , a}, and attaching the
segments to one another. Arranging the n? lines in an n™
segment for each value of n={1, 2, . .. , a}, and attaching the
segments to one another, allows even better generation of a
calibration dataset, which contains a larger number of data
points of the reference dataset, for the case in which the slice
datasets of the individual slices are subsampled by a factor
a.
[0022] The MR imaging data originating from an indi-
vidual slice may be subsampled in k-space by the factor 2
and rearranging an order of the data points in the reference
dataset may include arranging the even lines in a first
segment, arranging the odd lines in a second segment, and
attaching the first segment and the second segment to one
another. Arranging the even lines in a first segment, arrang-
ing the odd lines in a second segment, and attaching the first
segment and the second segment to one another, allows more
efficient and faster generation of a calibration dataset, which
is subsampled by the factor 2 and contains a larger number
of data points of the reference dataset.

[0023] The segments may be attached to one another in the
phase encoding direction. Attaching the segments in the
phase encoding direction allows faster generation of a
calibration dataset, wherein in the transition region between
the segments, data points having low energy in k-space, and
thus a low weighting in the reconstruction, are arranged next
to one another, resulting in fewer artifacts and fewer assign-
ment errors in the reconstruction of slice datasets.

[0024] The segments may be attached to one another in the
readout direction. Attaching the segments in the readout
direction allows fast generation of a calibration dataset,
wherein in the transition region between the segments, data
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points having a low energy in k-space, and thus a low
weighting in the reconstruction, are arranged next to one
another, resulting in fewer artifacts and fewer assignment
errors in the reconstruction of slice datasets. Alternatively, it
is also possible to attach a few segments attached to one
another in the phase encoding direction, and to attach a few
segments to one another in the readout direction.

[0025] A filter that reduces the intensity in k-space in the
edge region of the segments may be applied to the individual
segments. This may be performed, for instance, by a Gauss-
ian filter or similar filter techniques known in the prior art.
Applying a filter to the individual segments may further
reduce the energy in k-space, and hence the weighting in the
reconstruction of slice datasets, in the edge region of the
segments.

[0026] A reference dataset may be provided on the basis of
a single frequency band, thereby increasing the quality of the
reference dataset.

[0027] Providing a reference dataset may be based on the
turbo-spin-echo (TSE) technique or the gradient-echo
(GRE) technique, thereby increasing the quality and the
speed of the acquisition of the reference dataset.

[0028] In the method for calibration in a magnetic reso-
nance imaging procedure, generating at least one calibration
dataset may include generating at least two calibration
datasets of an individual slice, with the data points of the at
least one reference dataset being assigned to the at least two
calibration datasets in such a way that an order of the data
points in the reference dataset is changed. The at least two
calibration datasets may each be subsampled by the same
factor as the slice data from a slice. In addition, in the
method, calculating a reconstruction dataset may include
calculating at least two interim reconstruction datasets on
the basis of the at least two calibration datasets, and aver-
aging together the at least two interim reconstruction data-
sets to generate the reconstruction dataset.

[0029] Generating at least two calibration datasets of an
individual slice, calculating at least two interim reconstruc-
tion datasets on the basis of the at least two calibration
datasets, and averaging the at least two interim reconstruc-
tion datasets allows efficient and fast generation of a recon-
struction dataset and provides a calibration method that has
a higher signal-to-noise ratio, produces fewer artifacts and
exhibits fewer assignment errors.

[0030] According to another aspect, a MR system for
calibration in a magnetic resonance imaging procedure is
provided, in which MR imaging data is acquired simulta-
neously from a multiplicity of slices of a subject under
examination. The MR system includes a MR control unit
and a memory unit, wherein the memory unit stores control
information that may be executed by the MR control unit,
and in addition, the MR system is designed to perform, when
the control information is executed in the MR control unit,
the following act. In one act, at least one reference dataset
of an individual slice is provided, which reference dataset is
fully sampled in k-space and includes a multiplicity of data
points. In a further act, at least one calibration dataset is
generated by rearranging an order of the data points in the
at least one reference dataset. Moreover, the at least one
calibration dataset may contain substantially the same data
points as the at least one reference dataset. In a further act,
a reconstruction dataset, which is used to assign MR imag-
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ing data to the individual slice, is calculated on the basis of
the rearranged order of the data points in the at least one
calibration dataset.

[0031] The MR system for calibration in a magnetic
resonance imaging procedure, in which MR imaging data is
acquired simultaneously from a multiplicity of slices of a
subject under examination, may additionally be designed
such that it performs the method according to one of the
further aforementioned features when the control informa-
tion is executed in the MR control unit.

[0032] For the MR system, for calibration in a magnetic
resonance imaging procedure, in which MR imaging data is
acquired simultaneously from a multiplicity of slices of a
subject under examination, technical effects may be
achieved that are comparable to the technical effects that
were described above for the method according to the first
aspect.

[0033] According to another aspect, a computer program
product is provided which includes a program that may be
loaded directly into a memory of a MR control unit of a MR
system, and which is configured to perform the acts of the
method corresponding to the features described under the
first aspect when the program is executed in the MR control
unit of the MR system.

[0034] According to another aspect, an electronically
readable data storage medium is provided including elec-
tronically readable control information stored thereon,
which information is designed such that it performs the
method corresponding to the features described under the
first aspect when the data storage medium is used in a MR
control unit of a MR system.

[0035] The features presented above, which are described
below, may be used not just in the corresponding explicitly
presented combination but also in other combinations unless
explicitly stated otherwise, or may be used individually,
without departing from the scope of protection of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The disclosure is described in greater detail below
with reference to the accompanying drawings.

[0037] FIG. 1 depicts schematically an example of a MR
system that may be used to perform a method for calibration
in a magnetic resonance imaging procedure.

[0038] FIG. 2 depicts schematically a method for calibra-
tion in a magnetic resonance imaging procedure of the prior
art.

[0039] FIG. 3 depicts schematically a method for calibra-
tion in a magnetic resonance imaging procedure according
to an exemplary embodiment.

[0040] FIG. 4 depicts schematically a flow diagram con-
taining acts that are performed for calibration in a magnetic
resonance imaging procedure according to an exemplary
embodiment.

DETAILED DESCRIPTION

[0041] The present disclosure is described in greater detail
below using embodiments with reference to the drawings.
The same reference characters denote identical or similar
elements in the figures. In addition, the figures are schematic
representations of various embodiments. Elements depicted
in the figures are not necessarily shown to scale. The
elements shown in the figures are instead depicted in a way
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that makes their function and purpose clear to a person
skilled in the art. The connections shown in the figures
between functional units or other elements may also be
implemented as an indirect connection, where a connection
may be wireless or wired. Functional units may be imple-
mented as hardware, software or a combination of hardware
and software.

[0042] A magnetic resonance (MR) system is described
with reference to FIG. 1, which system may be used, as
explained below, to perform a calibration in SMS imaging.

[0043] A subject 12 under examination, (e.g., a person
under examination), is moved into the tunnel of the system.
The magnetic resonance system includes a magnet 10 for
generating a main field BO, where a person 12 under
examination arranged on a couch 11 is moved into the center
of the magnet in order to acquire there, from a region under
examination, spatially encoded magnetic resonance signals.
The person 12 under examination includes a multiplicity of
slices 21, which are excited simultaneously in a MR imaging
procedure and from which MR imaging data is acquired
simultaneously. The application of radio frequency pulses
and the switching of magnetic field gradients may disrupt
the magnetization produced by the main field BO by deflect-
ing the nuclear spins out of the equilibrium position, and the
currents induced in receive coils during the return to the
equilibrium position may be converted into magnetic reso-
nance signals. Because a person skilled in the art knows in
general how MR images are produced and how magnetic
resonance signals are detected, this is not explained in
greater detail.

[0044] The magnetic resonance system also includes a MR
control unit 13, which is used to control the MR machine.
The central MR control unit 13 is configured to perform the
method described below for calibration in a magnetic reso-
nance imaging procedure, in which MR imaging data is
acquired simultaneously from a multiplicity of slices 21 of
a subject under examination. The central MR control unit 13
includes a gradient controller 14 for controlling and switch-
ing the magnetic field gradients, and a radio frequency (RF)
controller 15 for controlling and emitting the RF pulses for
deflecting the nuclear spins from the equilibrium position.
For example, the imaging sequences needed for acquiring
the MR images, and the programs needed to operate the MR
system, may be stored in a memory unit 16. An acquisition
unit 17 controls the image acquisition and thus controls, on
the basis of the selected imaging sequences, the sequence of
the magnetic field gradients and RF pulses and the intervals
for receiving MR signals. Therefore, the acquisition unit 17
also controls the gradient controller 14 and the RF controller
15. MR images, which may be displayed on a display 18,
may be computed in a processing unit 20, while an operator
may operate the MR system via an input unit 19. The
memory unit 16 may include imaging sequences and pro-
gram modules, which when executed in the processing unit
20 by one of the modules shown, perform the method. The
RF controller 15 may also be designed to improve the
calibration in a magnetic resonance imaging procedure, in
which MR imaging data is acquired simultaneously from a
multiplicity of slices 21 of a subject under examination, as
explained in detail below. Specifically, the memory unit 16
stores for this purpose control information that may be
executed by the MR control unit 13. In addition, the acqui-
sition unit 17 is designed such that the acquisition unit 17
may perform the method described below for calibration in
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a magnetic resonance imaging procedure, in which MR
imaging data is acquired simultaneously from a multiplicity
of slices 21 of a subject under examination.

[0045] The MR system of FIG. 1 is configured such that
the MR system performs a calibration of the reconstruction
datasets 50, (e.g., of slice-GRAPPA kernels), as shown in
FIG. 3, when the control information is executed in the MR
control unit 13.

[0046] FIG. 2 depicts schematically a method for calibra-
tion in a magnetic resonance imaging procedure of the prior
art.

[0047] Three reference datasets 30 are provided, wherein
each reference dataset 30 is assigned to a different slice 21
of'a person 12 under examination and is fully subsampled in
k-space. Each reference dataset 30 also includes a multi-
plicity of data points, which are each characterized by a
kx-value, a ky-value and an intensity value, or else contrast
value.

[0048] It shall be assumed that for a spacing of data points
in k-space, the Nyquist theorem is satisfied if the spacing in
the phase encoding direction equals 1 Aky (one times Aky).
Additionally, 2 Aky (two times Aky) refers to subsampling
once, etc. The reference datasets 30 are represented such that
the kx-direction runs within the lines, and the ky-direction
runs perpendicular to the lines, where kx is the readout
direction and ky is the phase encoding direction. By sam-
pling a slice 21 in full, a reference dataset 30 is filled with
data points at a spacing of 1 Aky. For a subsampled
acquisition by a factor 2, (e.g., subsampling once), the
individual data points have a spacing of 2 Aky; correspond-
ingly, for subsampling by the factor a, they have a spacing
of a Aky. The data points in a reference dataset are addi-
tionally given in a specific order. In other words, the data
points are given in a specific arrangement, arranged or sorted
in a particular order, with the result that the data points are
used sequentially in this order in the calculation of recon-
struction datasets, in particular of slice-GRAPPA kernels.
[0049] Each reference dataset 30 also includes a multi-
plicity of lines in the ky-direction. The three reference
datasets 30, which are fully sampled in k-space, are used to
calculate in-plane GRAPPA kernels 101, 102, 103. In this
process, the first reference dataset 30, which is fully sampled
in k-space, is used to calculate a first in-plane GRAPPA
kernel 101. The second reference dataset 30, which is fully
sampled in k-space, is used to calculate a second in-plane
GRAPPA kernel 102. The third reference dataset 30, which
is fully sampled in k-space, is used to calculate a third
in-plane GRAPPA kernel 103.

[0050] In addition, a slice-GRAPPA kernel 104 is also
calculated from the three reference datasets 30. Subsampled
calibration datasets 100 that have the same subsampling as
the MR imaging data of the individual slices 21 are needed
to calculate the slice-GRAPPA kernel 104. For this purpose,
the reference datasets 30 are artificially subsampled, (e.g.,
subsequently changed into subsampled calibration datasets
100 such that they exhibit subsampling), where in particular
for conventional calibration methods, data is deleted from
the reference datasets 30 and not used again for the calibra-
tion. In the conventional calibration method of FIG. 2, every
second line of the reference datasets 30 is deleted, (e.g.,
about half of the data is deleted from the reference datasets
and not used for calibration of the slice-GRAPPA kernel
104). The resultant conventional calibration datasets 100
thus include only about half the data points of the reference
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datasets 30. In conventional calibration methods, the data
points of the calibration datasets 100 are used sequentially in
the calculation of the slice-GRAPPA kernel 104 in the order
in which they are given in the calibration datasets 100.
[0051] The act 105 to 108 of FIG. 2 show a conventional
SMS TSE calibration and reconstruction method. In act 105,
three slices 21 of a person 12 under examination are excited
simultaneously. In act 106, a combined acquisition of MR
imaging data from the three slices 21 is performed. In act
107, a slice-GRAPPA method is performed using the slice-
GRAPPA kernel 104, in which process a slice dataset, which
includes only MR imaging data from one of the slices 21, is
reconstructed for each of the three slices 21. In act 108, an
in-plane GRAPPA method using the three in-plane GRAPPA
kernels 101, 102 and 103 is applied to the MR imaging data
from the individual three slices 21, in which process com-
plete MR imaging data for the individual three slices 21 is
reconstructed.

[0052] FIG. 3 depicts schematically a method for calibra-
tion in a magnetic resonance imaging procedure according
to an exemplary embodiment.

[0053] Three reference datasets 30 are provided, wherein
each reference dataset 30 is assigned to a different slice 21
of'a person 12 under examination and is fully subsampled in
k-space. Each reference dataset 30 also includes a multi-
plicity of lines in the ky-direction, where each reference
dataset 30 also includes a multiplicity of odd lines 31 and a
multiplicity of even lines 32. The data points are given in a
specific order within the reference dataset 30. By rearrang-
ing an order of the data points of each reference dataset 30,
a corresponding calibration dataset 40 is produced from each
reference dataset 30. In this process, the reference lines of a
reference dataset 30 are rearranged within the reference
dataset 30 in a rearranged order, with the odd lines 31 of the
reference dataset 30 being arranged in a first segment 33, the
even lines 32 of the reference dataset 30 being arranged in
a second segment 34, and the second segment 34 being
attached to the first segment 33 to generate the correspond-
ing calibration dataset 40. As a result, the generated cali-
bration dataset 40 is subsampled once. A reconstruction
dataset 50 is calculated from the generated three calibration
datasets 40. In this process, the data points are processed
sequentially according to the rearranged order of the cali-
bration datasets 40 in accordance with methods known from
the prior art for calculating slice-GRAPPA kernels. In par-
ticular, a sliding-window technique may be performed here,
which takes into account the rearranged order of the data
points in the calibration datasets 40.

[0054] The described method for calibration is based on
the fact that the MR imaging data of a slice 21 has been
acquired using an in-plane acceleration factor of 2, and
therefore is subsampled once. Therefore, the calibration data
in the calibration dataset 40 is also subsampled once. In an
iPAT 3 scan, three segments, for example, would accord-
ingly be joined to one another, (e.g., attached to one
another).

[0055] FIG. 4 depicts schematically a flow diagram con-
taining acts that are performed for calibration in a magnetic
resonance imaging procedure according to an exemplary
embodiment.

[0056] The method starts in act S40. In act S41, at least
one reference dataset 30 is provided for a slice 21 of a person
12 under examination, wherein the reference dataset 30 is
fully sampled in k-space and includes a multiplicity of data
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points. In act S42, at least one calibration dataset 40 is
generated by rearranging an order of the data points in the
at least one reference dataset 30. In act S43, a reconstruction
dataset 50, which is used to assign MR imaging data to the
individual slice 21, is calculated on the basis of the rear-
ranged order of the data points in the at least one calibration
dataset 40. The method ends in act S44.

[0057] To summarize, a method is provided for calibration
in a MR imaging procedure, in which MR imaging data is
acquired simultaneously from a multiplicity of slices of a
subject under examination. In this method, at least one
subsampled calibration dataset is generated from a fully
sampled reference dataset of an individual slice by rearrang-
ing an order of the data points in the reference dataset. In
addition, a reconstruction dataset, which is used to assign
MR imaging data to the individual slice, is calculated on the
basis of the rearranged order of the data points in the at least
one calibration dataset. In this process, the MR imaging data
from the individual slice is subsampled in k-space.

[0058] The method for calibration in a MR imaging pro-
cedure, in which MR imaging data is acquired simultane-
ously from a multiplicity of slices of a subject under
examination, has a higher signal-to-noise ratio, produces
fewer artifacts in the separation of slice data, and exhibits
fewer assignment errors in the separation of slice data,
because a larger number of data points, in other words
information, from a reference dataset is used. This increases
the efficiency and the image quality of the MR imaging
procedure of the calibration method compared with known
calibration methods of MR imaging.

[0059] Itis to be understood that the elements and features
recited in the appended claims may be combined in different
ways to produce new claims that likewise fall within the
scope of the present disclosure. Thus, whereas the dependent
claims appended below depend from only a single indepen-
dent or dependent claim, it is to be understood that these
dependent claims may, alternatively, be made to depend in
the alternative from any preceding or following claim,
whether independent or dependent, and that such new com-
binations are to be understood as forming a part of the
present specification.

[0060] While the present disclosure has been described
above by reference to various embodiments, it may be
understood that many changes and modifications may be
made to the described embodiments. It is therefore intended
that the foregoing description be regarded as illustrative
rather than limiting, and that it be understood that all
equivalents and/or combinations of embodiments are
intended to be included in this description.

1. A method for calibration in a magnetic resonance (MR)
imaging procedure, in which MR imaging data is acquired
simultaneously from a multiplicity of slices of a subject
under examination, the method comprising:
providing at least one reference dataset of an individual
slice, wherein the reference dataset is fully sampled in
k-space and comprises a multiplicity of data points;

generating at least one calibration dataset by rearranging
an order of the data points in the at least one reference
dataset; and

calculating a reconstruction dataset, which is used to

assign MR imaging data to the individual slice, based
on the rearranged order of the data points in the at least
one calibration dataset.
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2. The method of claim 1, wherein the generating of the
at least one calibration dataset further comprises shifting at
least one k-space line from a first position in the order in the
at least one reference dataset to a second position in the
order.

3. The method of claim 1, wherein the calculating of the
reconstruction dataset is performed using a sliding-window
technique, which takes into account the rearranged order of
the data points in the at least one calibration dataset.

4. The method of claim 1, further comprising:

using the reconstruction dataset to reconstruct at least one

slice dataset from the MR imaging data, wherein the at
least one slice dataset comprises only MR imaging data
from the individual slice and is subsampled in k-space.

5. The method of claim 1, wherein the providing of the at
least one reference dataset comprises providing a reference
dataset for each slice, and

wherein the generating of the at least one calibration

dataset comprises generating a calibration dataset for
each slice by rearranging an order of the data points in
the corresponding reference dataset.

6. The method of claim 1, wherein the data points of the
reference dataset are arranged in k-space in lines, and

wherein rearranging the order of the data points in the

reference dataset comprises rearranging an order of the
lines of the reference dataset.

7. The method of claim 1, wherein the order of the data
points in the at least one reference dataset is rearranged in a
manner that the at least one calibration dataset is subsampled
in k-space by a same factor as the MR imaging data
originating from an individual slice.

8. The method of claim 1, wherein rearranging the order
of the data points in the at least one reference dataset
comprises assigning the data points to at least two segments
of the calibration dataset.

9. The method of claim 1, wherein the imaging data
originating from an individual slice is subsampled in k-space
by the factor a, and

wherein rearranging the order of the data points in the at

least one reference dataset comprises attaching seg-
ments a to one another, which segments have been
subsampled by the factor a.

10. The method of claim 9, wherein rearranging the order
of the data points in the reference dataset further comprises:

arranging the n” lines in an n” segment for each value of

n={1,2,...,a};and

attaching the segments to one another.

11. The method of claim 8, wherein the MR imaging data
originating from an individual slice is subsampled in k-space
by a factor of 2, and

wherein rearranging the order of the data points in the

reference dataset comprises:

arranging even lines in a first segment;

arranging odd lines in a second segment; and

attaching the first segment and the second segment to
one another.

12. The method of claim 9, wherein the segments are
attached to one another in the phase encoding direction.

13. The method of claim 9, wherein the segments are
attached to one another in the readout direction.

14. The method of claim 8, wherein a filter that reduces
an intensity in k-space in an edge region of the segments is
applied to the individual segments.
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15. The method of claim 1, wherein the reference dataset
is provided based on a single frequency band.

16. The method of claim 1, wherein the providing of the
reference dataset is based on a turbo-spin-echo technique or
a gradient-echo technique.

17. The method of claim 1, wherein the generating of the
at least one calibration dataset comprises generating at least
two calibration datasets of an individual slice, and

wherein the calculating of the reconstruction dataset com-

prises calculating at least two interim reconstruction
datasets based on the at least two calibration datasets,
and averaging together the at least two interim recon-
struction datasets to generate the reconstruction dataset.
18. A magnetic resonance (MR) system for calibration in
a magnetic resonance imaging procedure, in which MR
imaging data is acquired simultaneously from a multiplicity
of slices of a subject under examination, the MR system
comprising:
a magnetic resonance (MR) control unit; and
a memory unit,
wherein the memory unit stores control information con-
figured to be executed by the MR control unit, and

wherein the MR system is configured to, when the control
information is executed in the MR control unit, at least
perform:

provide at least one reference dataset of an individual
slice, wherein the reference dataset is fully sampled
in k-space and comprises a multiplicity of data
points;

generate at least one calibration dataset by rearranging
an order of the data points in the at least one
reference dataset; and

calculate a reconstruction dataset, which is used to
assign MR imaging data to the individual slice,
based on the rearranged order of the data points in
the at least one calibration dataset.

19. The MR system of claim 18, wherein the MR system
is further configured to, when the control information is
executed in the MR control unit, at least perform:

use the reconstruction dataset to reconstruct at least one

slice dataset from the MR imaging data, wherein the at
least one slice dataset comprises only MR imaging data
from the individual slice and is subsampled in k-space.
20. A computer program product which comprises a
program configured to be loaded directly into a memory of
a magnetic resonance (MR) control unit of a MR system,
wherein the computer program product, when the program
is executed in the MR control unit of the MR system, is
configured to at least perform:
provide at least one reference dataset of an individual
slice, wherein the reference dataset is fully sampled in
k-space and comprises a multiplicity of data points;

generate at least one calibration dataset by rearranging an
order of the data points in the at least one reference
dataset; and

calculate a reconstruction dataset, which is used to assign

MR imaging data to the individual slice, based on the
rearranged order of the data points in the at least one
calibration dataset
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