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Planar-Motion Correction with Use
of K-space Data Acquired in Fourier

MR Imaging'

Michael L. Wood, PhD * Mansur J. Shivji, BSc ¢ Peter L. Stanchev, PhD

The authors have developed a method for reduc-
ing magnetic resonance (MR) image artifacts
caused by planar motion. Segments of k-space ac-
quired with the subject stationary are detected
automatically. Each k-space segment is Fourier
transformed into an image in which rotational
and translational displacements are measured
manually. Before correction, k-space is made as
Hermitian as allowed by the largest symmetric
range of low spatial frequencies acquired with the
subject stationary. Segments of k-space acquired
with the subject in different positions are cor-
rected separately. Although translation correc-
tions can be applied effectively to both k-space
and the spatial domain, rotation corrections are
applied in the spatial domain to avoid image arti-
facts. To complement the correction, data cor-
rupted by rotation are replaced by the complex
conjugate of data of the opposite k, and k,, pro-
vided that these data have not been corrupted by
rotation. The method reduced ghosts and blurring
substantially on sagittal head images acquired
with a standard spin-echo pulse sequence while a
volunteer subject nodded his head.

Index terms: Artifact * Image processing * K-space * Motion correc-
tion
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_head. For reference, k-space data were acquired un-

MOVEMENT RANGING from rapidly flowing blood to
relatively slow body movements, such as nodding of
the head or shifting of position, often causes arti-
facts on magnetic (MR) resonance images (1-4). Body
movements are encountered frequently during MR
imaging of infants, children, and uncomfortable, dis-
oriented, or otherwise restless patients. Nodding of
the head is a particularly interesting movement, be-
cause the entire head moves essentially within a
plane and possibly only a few times during the ac-
quisition of data for an MR image.

Fourier imaging téchniques, which are the most
common, produce data that represent the imaged
anatomy in k-space (5,6). Usually, the data are sam-
ples of k, and k,, which are spatial frequencies along
the x and y directions. The entire range of k, values
for each k, value is obtained from one echo, which is
sampled rapidly relative to body motion. However, it
takes from several seconds to several minutes to ac-
quire all the k, values, during which considerable
motion can occur (7). -

Motion modifies the characteristics of k-space.
Translation within the plane of a two-dimensional
(2D) image alters the phase of the k-space samples
(8). Spatial rotation results in a corresponding rota-
tion of k-space (9). These properties have been ex-
ploited in various methods to compensate for motion
(10-13). We hypothesize that changes to k-space due
to body movements can be identified. Segments of k-
space acquired during constant position can then be
isolated and reconstructed separately into images,
from which planar displacements can be measured.
These displacement measurements can be used to
correct k-space for the effects of motion. In evaluat-
ing the above hypotheses, we have developed a
method to correct for planar motion. This method is
described below and demonstrated by using experi-
mental data acquired while a volunteer nodded his

head.

e MATERIALS AND METHODS

A conventional 2D spin-echo pulse sequence on a
commercial 1.5-T MR imaging system (GE Medical
Systems, Milwaukee, Wis) was used to acquire k-
space data for a single-section sagittal MR image
through the head of a volunteer subject nodding his

der the same conditions while the subject remained
stationary. The head coil was used with a pillow

e
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Figure 1. Subject motion seen
on images from segments of k-
space. Each k-space row, which
is identified by a different k,
value, was filled with consecutive
echoes from a conventional spin-
echo pulse sequence. Disconti-
nuities between rows of k-space
suggest that the subject moved
five times during data acquisi-
tion. Images from three of the five
k-space segments between these
discontinuities show head move-
ment in the sagittal plane. The
modulus of the complex num-
bers in k-space and the images
are displayed. All images were
scaled to the same maximum in-
tensity.

placed inside it to help keep displacements within
the sagittal plane. Relevant parameters in-
cluded TR msec/TE msec = 500/16, two signals ac-
quired, 5-mm section thickness, and 300-mm field of
view (FOV). The k-space composed of k, and k, rang-
ing from -128 to 127 cycles per FOV was filled lin-
early from the extreme negative k; to the extreme
positive k.

The k-space data were analyzed on a computer
workstation to identify k, values acquired during
subject movement, and hence segments acquired
when the subject’s position remained constant.
Movement was found to cause abrupt changes along
the k, direction. These changes were detected auto-
matically by means of a paired t test comparing the
complex k-space samples for each k, and the corre-
sponding samples for the previous k,. Alternatives
such as edge detectors derived from forward or back-
ward differences were explored first, but they were
discarded after the paired t test proved to be more ef-
fective. Movements were expected to make the t test
P value small for at least two consecutive k, values.
The subject's position was suspected to have
changed at a particular k, if the P values for both
that k, and the next k, were below a threshold,
which was chosen to be .01 after experimentation.

The segment of k-space between abrupt changes
along k, was isolated and then reconstructed into an
image, as follows. First, the segment was copied to a
blank array the same size as k-space. This partial k-
space was made Hermitian by copying the complex
conjugate of each sample in the segment to the loca-
tion indexed by k, and k, of opposite sign (14). Her-
mitian symmetrization was necessary to avoid the
blurring associated with Fourier transformation of a
distribution truncated asymmetrically with respect
to the center of k-space (15,16). A 2D inverse Fourier
transform of the symmetrized partial k-space, fol-
lowed by the modulus operator, yielded the desired
image. The images were analyzed manually to deter-
mine the displacement that had occurred during
data acquisition. The image corresponding to the
central k-space segment was designated as the refer-

ence, although any segment could have been chosen.
Images from the other segments were rotated and
translated to achieve registration with a contour de-
rived from the reference image.

An experiment was designed to assess the accu-
racy of displacement measurements in images recon-
structed from a k-space having nonzero samples for
only a few k, values. Segments of various size and
centered on different k, were isolated from the k-
space data acquired with the head stationary. Im-
ages from each segment were reconstructed as al-
ready described and then rotated and translated by
amounts up to 30° and 20 pixels in the x and y di-
rections. Without knowledge of these displacements,
three individuals measured the displacements rela-
tive to a reference image. The error between the mea-
sured and known displacements was computed.

Theoretically, corrections for planar translation or
rotation could be applied to either k-space or the
spatial domain (10). The effects of translation were
corrected by means of a linear phase shift in k-space
(8). The k-space domain was preferred for translation
corrections because of the ease of compensating for
fractional-pixel displacements. Rotations in space
are known to cause an equivalent rotation in k-space
(9,10). The following experiment evaluated the effects
of rotation applied in either k-space or the spatial
domain and the method for interpolating to achieve
rotation, specifically 2D nearest-neighbor, linear,
and cubic-spline interpolation. Each proposed rota-
tion was applied to the entire k-space or image
twice, first 45°, then -45°, so that the net rotation
was zero. Artifacts and other errors were identified
visually and by calculating the root-mean-square er-
ror (RMSE) between the complex numbers in the ro-
tated image or k-space and the unmodified image or
k-space. The RMSE for the images was expressed as
a percentage of the mean intensity in a region within
the midbrain on the reference image. The k-space
RMSE was expressed as a percentage of the mean
modulus of the entire reference k-space.

Artifacts were expected if different spatial trans-
formations were applied to k-space segments, unless
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Table 1 . ; g

Rotation and Translation Measurements in Images from K-Space Segments
B-Apine Dugawe xTranslation  y Translation

" Rows - ky Rotation (pixels) " (pixels)
1-57 -128 to -72 2° -14 -3
58-70 ~71 to -59 -17° -17 -1
~ 71-118 -58 to -11 -17° -18 -2
119-177 -10 to 48 0° 0 0
178-256 -49 to 127 -6° -20 -3

the image from each segment was purely real, which
would be true for a Hermitian k-space (14). As an ex-
periment, data acquired with the head stationary
were made Hermitian through a global phase correc-
tion based on the entire k-space (15,16). Namely, k-
space was subjected to a 2D inverse Fourier trans-
form, and the complex numbers associated with
each pixel were made real by using a high-resolution
phase image derived from the entire k-space. This
real image was rotated 45° by using nearest-neigh-
bor interpolation and then Fourier transformed back
to k-space. A reference k-space was synthesized from
the first 126 rows of the rotated k-space (-128 cycles
per FOV s k, < -3 cycles per FOV) and the last 130
rows of the nonrotated k-space (-2 cycles per FOV <
k, = 127 cycles per FOV). For testing, a non-Hermi-
tian k-space was constructed by shifting each row of
the reference k-space by five columns. A rotation
correction was applied in the spatial domain to re-
verse the 45° rotation affecting the first 126 rows of
both the reference and test k-spaces. This correction
left the reference k-space Hermitian but not the test
k-space. One-dimensional and 2D inverse Fourier
transforms of each k-space were compared.

The 'sensitivity of proposed corrections to dis-
placement-measurement errors was studied by ap-
plying an erroneous displacement correction to seg-
ments of k-space associated with the stationary
head. Instead of no displacement, an angular dis-
placement of 2.0° and a translation of 2.0 pixels in
the x and y directions were assumed to have oc-
curred. Each segment spanned nine k, values, with
the central k, values ranging from eight to 96 cycles
per FOV. A complex image reconstructed from the
supposedly corrected k-space was subtracted from a
complex image reconstructed from the unmodified k-
space. The RMSE in this difference image was com-
puted as a measure of the error resulting from an er-
roneous displacement measurement.

The planar-motion correction method was tested
on the k-space obtained while the subject’s head
was moving. This experiment involved correcting for
different displacements in multiple k-space seg-
ments. Each segment was processed separately, and
the results were accumulated in an array that be-
came the corrected k-space. Rotation moved data
into different rows and columns. When rotation
caused data to overlap, data originating from the

1 closest k-space coordinates were retained. Alterna-
tives such as retaining the largest overlapping data
sample and summing or averaging the overlapping
data were considered but not incorporated into the
method. Different corrections for data in the first

sand last rows of each segment were explored but
also not incorporated.

As a refinement to compensate for imperfections
attributed to the rotation correction, data corrupted
by rotation were replaced by data corresponding to
ky and k, of opposite sign, provided the latter were
unaffected by rotation. Finally, data that were not
intended to be corrected were copied to the corrected
k-space array last, so that they would overwrite any
data that became located on k, and k, values that
had not been corrupted by motion.

e RESULTS

Several rows of the k-space acquired while the
subject nodded his headed appeared anomalous (Fig
1). The paired t test with a P-value threshold of .01
identified these anomalous rows, which are listed in
Table 1. The same test with .1 as the threshold
added row 130 to the list. However, analysis of the
image reconstructed from k-space data near row 130
found no evidence of displacement. The P value for
every row listed in Table 1 was less than .0001. The
threshold was set to .01 because the P value for cer-
tain adjacent rows was as large as .002. The k-space
rows identified in Table 1 were associated with
movement because their timing coincided with visual
observations of motion. Each movement was rapid
and consequently affected only one or two k-space
rows.

Images reconstructed from the k-space data be-
tween the rows identified in Table 1 showed the head
and neck in different states of flexion (Fig 1). Images
reconstructed from a small range of k, values
showed a ringing pattern, which was confirmed to be
due to truncation artifacts when similar ringing was
observed in images reconstructed from correspond-
ing k-space segments acquired with the head sta-
tionary (17). Attempts to register the image from
each segment with a reference image corresponding
to k, values from -10 cycles per FOV to 48 cycles per
FOV yielded the displacement measurements in
Table 1. 5

The uncertainty associated with displacement
measurements was assessed by measuring displace-
ments in images from specific k-space segments for
which the displacement was known (Fig 2). Rotation
was measured to within approximately 1°, even for
large k, values. Errors in measuring translation
along the frequency-encoding direction (x) were be-
tween 1 and 2 pixels and were insensitive to the k,
about which the segment was centered. Errors in
measuring translation along the phase-encoding di-
rection (y) generally increased with k,. When the ex-
periment was repeated with segments consisting of
17 ky values, rather than nine, the y-translation er-
ror encountered for the segment centered on the k,
value equal to 64 cycles per FOV was intermediate to

Volume 5 * Number 1 « JMRI » 59




that for smaller and larger k, values. Both the y-
translation errors and their range for the different ky
values were smaller when- the segments included a
wider range of k, values. :

Ghostlike image artifacts and shading resulted
from rotations applied directly to k-space (Fig 3). The
ghost in the lower-left corner of Figure 3c, which typi-
fies the other ghosts, had a mean intensity 60% that
of the mean intensity in the midbrain on the refer-
ence image. This ratio decreased slightly to 50%
when linear or cubic-spline interpolation was used
(not shown). Rotation directly in k-space increased
the midbrain intensity by as much as 55%, depend-
ing on the type of interpolation (Table 2). Also de-
pending on the type of interpolation, regions farther
from the center (eg, near the top of the head) became
as much as 100 times less intense. Moreover, k-space
rotations left gaps near the periphery of k-space. To
confirm that these gaps were not responsible for the
artifacts, an image was reconstructed from the cen-
tral half of Figure 3d; this image re: bled that in

e 3c closely, although it had lower resolution.
Spatial rotations left gaps in the corners of images,
which were less noticeable because the corners were
in the background. Measurements of the RMSE be-
tween the rotated images or k-space and the refer-
ence image or k-space (Fig 3a, 3b) are listed {n Table
2. Smaller RMSE values were obtained for rotations
in the spatial domain. Both the image and k-space
RMSE values were smallest when cubic-spline inter-
polation was used in spatial-domain rotation.

Spatial transformations affecting only part of k-
space caused image artifacts if the k-space was non-
Hermitian (Fig 4). The artifacts causing blurring in
Figure 4b can be traced to Figure 4a, which displays
the phase after each row of the non-Hermitian rota-
tion-corrected data was inverse Fourier transformed.
The phase completed five cycles across each row in
Figure 4a, because the echoes in the associated k-
space peaked five columns before the center. The
symmetry between the top and bottom halves of Fig-
ure 4c is missing in Figure 4a. Consequently, k-space
was made as Hermitian as possible before spatial
transformations affecting only part of a non-Hermi-
tian k-space. This was accomplished through a spa-
tial-domain phase correction derived from the largest
central bipolar range of k, values acquired with the
head stationary (see Materials and Methods). The
phase correction for the data acquired while the head

moved was derivéd from the full range of k, values
and the k, values between -10 and 10 cycles per

FOV (Table 1).

" The effect of erroneous displacement measure-
ments on rotation and translation corrections de-
pended on the central value of k, in the k-space seg-
ment. The RMSE between several erroneously cor-
rected images and the image of the stationary head
is presented in Figure 5. Note that the RMSE varies
with k, similarly to the amplitude of k-space.

The k-space data acquired during motion were
corrected as outlined in the Materials and Methods
section with the measurements listed in Table 1 (Fig
6). Nearest-neighbor interpolation was used in cor-
recting for rotation, although cubic-spline interpola-
tion produced similar results. The uncorrected image
(Fig 6a) had conspicuous ghosts and blurring and
even showed different head positions. The correction
reduced the ghosts and blurring, as shown in Figure
6d and Table 3. It was not informative to evaluate
the correction by subtracting corrected images from
Figure 6b, because of misregistration. No improve-
ment in the image in Figure 6d was observed when

3r 777] Rotation (degrees)
B2 X Translation (pixels)
Y Translation (pixels)

Displacement Measurement Error

8 3% 96

2. Errors in measurement of rotation and transla-
tion in images from k-space segments centered on different
k, values. Each segment consisted of 256 k, values and nine

values. The mean errors from three individuals are shown,
with the error bars representing the standard error of the
mean.

Table 2 ;
Comparison of Rotation in Space and K-space with Various Interpolation Methods
Midbrain Top of Head Image K-space K-space

Domain Interpolation Figure 3 Mean* Mean' RMSE' RMSE®? Mean!
K-space Nearest-neighbor c, d 155 i | 37 109 71
K-space Linear NA 117 40 23 86 45
K-space Cubic-spline NA 115 46 21 90 41
Space Nearest-neighbor e f 100 100 6 100 12
Space Linear NA 100 100 5 98 9
Space Cubic-spline gh 100 100 4 99 8

Note.—NA = not available.

| *Mean intensity in midbrain expressed as percentage of same region on reference image.

t Mean intensity near superior surface of brain expressed as percentage of same region on reference image.

* RMSE in entire difference image expressed as percentage of mean intensity in midbrain on reference image.
8 Mean modulus of entire k-space expressed as percentage of mean modulus of reference k-space.

IRMSE in entire k-space expressed as percentage of mean modulus of reference k-space.
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the first and last row in each segment were corrected
by using displacements intermediate to those for the
neighboring segments. Comparison of Figure 6e with
6c and 6f with 6d reveals the improvement attrib-
uted to replacing rotation-corrupted data with unaf-
fected data from the opposite side of k-space. Com-
pared with Figure 6d, 6f was sharper and had less-

intense ghosts.

e DISCUSSION
We confirmed the hypothesis that movement can

be identified from its effects on k-space. The paired ¢

test was effective for identifying k-space data ac-
quired during subject movement. This identification
was essentially automatic, and the t test threshold
could have varied by one or two orders of magnitude
without changing the results. However, further expe-
rience with this test is needed to evaluate its reliabil-
ity for detecting k-space changes.

Features on images reconstructed from as few as
nine k, values were resolved well enough to allow ac-
curate displacement measurements, although the
accuracy was greater if the k-space segment in-
cluded a wider range of k, values or was centered on

Figure 3. Comparisons of rotation in
the spatial-frequency and spatial do-
main with use of various interpolation
methods. Reference image (a) and asso-
ciated k-space (b), subsequently rotated
45°, then -45°. Images (c, e, g) and as-
sociated k-space segments (d, f, h) after
rotation applied to k-space with near-
est-neighbor interpolation (c, d), rota-
tion applied in the spatial domain with
nearest-neighbor interpolation (e, f),
and rotation applied in the spatial do-
main with cubic-spline interpolation (g,

h).
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Figure 4. Demonstration of importance of
making k-space Hermitian before compensat-
ing for rotation affecting a k-space segment.
A rotation correction was applied to the first
126 rows (-128 = k, < -3 cycles per FOV) of a
non-Hermitian k-space (a, b) and a Hermi-
tian k-space (c, d). (a, c) Phase of the com-
plex numbers obtained after inverse Fourier
transformation of each row of k-space and (b,
d) modulus of the complex numbers obtained
after a 2D inverse Fourier transformation of
k-space. Note differences between the phase
in the top and bottom halves of k-space in a
and the associated blurring in b.

& 16!

Figure 5. Influence of displacement-measurement errors on rota-
tion and translation corrections. The displacement error was 2.0°
and 2.0 pixels jn both directions. Each segment spanned nine k,

values, with thé central k, value ranging from eight to 96 cycles per .

FOV. The RMSE between each erroneously corrected image and
the image of the stationary head is presented. Superimposed on
the RMSE is a plot representing the k, dependence of the ampli-
tude of k-space. The latter was calculated from a hybrid k-space
formed by an inverse Fourier transform along k,. The square root
of the mean squared modulus of the central 100 pixels along x was
calculated, and the results were normalized to the displacement-
measurement error for k, equal to 96 cycles per FOV.

a k, value closer to zero. These displacement mea-
surements might have been less accurate if ordered
phase encoding or fast spin-echo sequences had
been used, because the k, values obtained with the
head stationary would not have been contiguous and
the k-space gaps would have caused truncation arti-
facts (18,19). Errors associated with translation
along the x direction were largely insensitive to k,,
because each segment included the full range of k,
values. Perhaps the reason that rotation could be
measured to within approximately 1° is that even a
1° rotation causes a two-pixel displacement at a lo-
cation 114 pi<els from the center of the FOV, and
such a large displacement can be measured accu-
rately. The method for measuring displacement
could be refined to accommodate more general mo-
tion or reduce the need for human intervention
(20-26). However, truncation artifacts and variable
features on images from different k-space segments
complicate automatic image registration.

L7 SRR NI 18 e

Relative Amplitude of K-Space |

e RMSE

RMSE (%)
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Differences between rotations in the spatial do-
main and k-space, while not expected theoretically,
should not be surprising. The image artifacts result-
ing from rotation in k-space are attributed to the in-
terpolation, because the artifacts were nonexistent
for 90° rotations, were less intense with smoother in-
terpolation methods, and remained essentially un-
changed when only the central half of k-space was
used to form an image: Nearest-neighbor and cubic-
spline interpolation were preferred over linear inter-
polation because they preserved the high spatial fre-
quencies and minimized differences between the cor-
rected and the reference k-spaces. If the objective
had been to generate a smooth image, rather than to
match the corrected k-space to the reference k-

62 ¢ JMRI « January/February 1995




d. e.

f.

Figure 6. Planar-motion correction demonstrated on sagittal MR images of head of subject nodding sporadically. (a) Image de-
graded by motion; (b) reference image acquired with head stationary; (c) k-space and (d) image after correction, in which near-
est-neighbor interpolation in the spatial domain was used for rotation; (e) k-space and (f) image after correction, followed by re-

placement of corrupted dat
corrupted by rotation. :

Table 3
Effectiveness of Planar-Motion Correction
Figure 6 Image* K-space'
a 91 46
b 5 0
c, d 37 43
ef 37 39

* Mean modulus in 250-pixel background region near

forehead.
' RMSE expressed as percentage of mean modulus of

reference k-space.

space, cubic-spline interpolation would have been
preferred, as in a related study (27).

Image artifacts resulting from a spatial transfor-
mation affecting only part of a non-Hermitian k-
space arise because the pixels in MR images are rep-
resented by complex numbers. Rotation of the com-
plex image associated with a non-Hermitian k-space
alters the phase of each pixel, which causes artifacts
by making the phase within each column or row in-
consistent. The appearance of the artifacts depends
on the number and location of the k, values affected

a with data corresponding to k, and k, of opposite sign, provided that these data had not also been

by the spatial transformation and the amplitude of
the affected data relative to the rest of k-space. The
proposed solution for making k-space closely Hermi-
tian is feasible if there are enough data for the phase
correction. Phase corrections based on k, values be-
tween -8 and 8 cycles per FOV have been satisfac-
tory for typical spin-echo images, although correc-
tions for high-spatial-frequency phase variations
benefit from a wider range of k, values (15,16). The
worst case would be movement during the acquisi-
tion of data indexed by k, equal to +1 cycle per FOV,
for which only phase variations along the x direction
could be corrected. Considering that motion affecting
low-spatial-frequency data cause the most severe ar-
tifacts, such a partial phase correction might be ac-
ceptable.

The reduction of ghosts and blurring achieved in
Figure 6d was good, considering that the image was
acquired under realistic conditions and the correc-
tion did not require additional information, such as
navigator echoes. The method assumed planar rigid-
body motion. Although the motion seemed largely
confined to the sagittal plane, there probably was
some out-of-plane movement. Moreover, the correc-
tions could not have been appropriate for k, values
acquired during movement, although special correc-
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tions for these data showed no improvement. Perhaps
intermediate corrections for the first and last rows of
each k-space segment would have made a difference
if the movements had lasted for more k, values. Data
at both ends of each segment were probably also de-
graded according to the speed and acceleration of the
head, but. these effects were not considered. Further-
more, the method assumes that the image retains the
same intensity in different positions, which is a valid
assumption to the extent that MR images are spa-
tially invariant. Conditions that degrade the geometry
or uniformity of MR images render the method less
effective. Notable examples include magnetic field in-
homogeneities with gradient-echo imaging techniques
and nonuniform radio-frequency transmission or re-
ception.

Comparison of Figure 6f with 6d reveals the extent
to which data replacement reduced ghosts. The re-
placement procedure assumes a Hermitian k-space;
otherwise, artifacts occur. For replacement to be ef-
fective, the corresponding data on the opposite side of
k-space must have been acquired with the subject in
the same position as for the reference k-space seg-
ment. This. condition is not guaranteed. However, the
reference segment generally has an asymmetric range
of k,, which allows replacement of some data in an
adjacent segment.

In summary, a method for reducing the ghosts and
blurring caused by planar motion has been devel-
oped. The timing and amount of displacement are
measured from the k-space data without need for
navigator echoes or external markers. The k-space is
made as Hermitian as possible by a phase correction
based on the largest symmetric range of k, and
data acquired without displacement. Data from this
closely Hermitian k-space acquired with the subject
stationary are isolated and then copied to a blank ar-
ray the same size as k-space. Hermitian symmetry is
imposed on the array. A linear phase shift is then ap-
plied to correct for translation. Next, the array is in-
verse Fourier transformed into the spatial domain,
rotated the desired amount with nearest-neighbor in-
terpolation, and then Fourier transformed back to k-
space. The corrected segment of data is copied to an
array that becomes the corrected k-space. The proce-
dure above is repeated for another k-space segment
acquired in a different position. Data that are not to
be corrected are copied to the corrected k-space last.
To complete the correction, data corrupted by rota-
tion are replaced by the complex conjugate of data
corresponding to opposite-sign k, and k,, provided
that the latter data were not also corrupted by rota-
tion.

The method was tested specifically on rigid-body
motion in 2D Fourier imaging, in which the phase-
encoding gradient was incremented linearly. Usually,
images of multiple sections are acquired together, in
which case several images could be corrected on the
basis of measurements from one image. The method
could be adapted for more-general planar motion,
general k-space trajectories, and three-dimensional
imaging. Considering the promise shown by the basic
method, these adaptations might be worthwhile sub-
jects for future work.
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