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* Short Paper

Abstract: The appropriate handling of motion artifacts is essential for clinical diagnosis in magnetic
resonance imaging (MRI). In many cases, motion is an inherent part of MR images because it is
difficult to control during MR imaging. As the motion in the human body occur in a deformable
manner, they are difficult to deal with. This paper proposes a novel detection method for
periodically moving regions to produce MR images with less motion artifacts. When the data is
acquired by the radial trajectory, the proposed method can extract the deformable region easily
using the difference in the modulated sinograms, which have different periodic phase terms. The
simulation results applied to the various cases confirmed the good performance of the proposed

method.
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1. Introduction

Dealing with motion artifacts is a very important issue
in medical imaging [1, 2] because patients are always in
motion, such as tossing, turning, breathing, and cardiac
pulsatile motions. These motions can appear as severe
artifacts in the images. Motion can be largely classified
into two categories: translational motion and deformable
motion [3]. A vast amount of research results on
translational motions that provide modeling tactics and
technical solutions have been published [4] and the
artifacts due to translational motion can be eliminated
rather easily. In addition, most of translational motion can
be also controlled by the patients’ themselves. On the other
hand, the handling of deformable motion is more
complicated because deformable motion cannot be
modeled as a linear process and it is difficult to control by
the patients [5]. Breathing is a typical deformable motion
that occurs during magnetic resonance imaging (MRI),
which can be avoided conventionally by breath-holding.
On the other hand, the breath-holding technique is very
inconvenient for patients and it cannot be applied to infants
or patients with severe diseases [6]. Therefore, a suitable
method to handle deformable motion artifacts is needed so

that the deformed region (or non-rigid region) due to
breathing can be detected and corrected in the post-
processing stages. This paper presents a detection method
of deformed regions in radial MRI based on the periodicity
of the breathing motion in the projection (Radon
transform) and the filtered back-projection (inverse Radon
transform) processes.

2. Materials and Method

Fig. 1 presents the proposed concept. In radial MRI, the
projection reconstruction method can be wused to
reconstruct an image. The k-space data is converted to a
sinogram using a one-dimensional Fourier transform (1D-
FT), and then the projection data (sinogram) is transformed
into an image by filtered back-projection (FBP). When the
projection reconstruction method is used, the final image
has an averaged characteristic of all projection views,
which can be explained briefly as follows [7]. MR signal
corresponding to the 2D line-integral projection at a given
projection view, @, is given by
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Fig. 1. Concept of the proposed method.
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p(X,Y) is the spin density function of a selected slice,
and G, is a view angle dependent field gradient. Based on

Eq. (1), the projection data g,(s) with a view angle ¢ is
calculated as follows:

FS,(0]=g,(9). )

where F7'[] denotes for the inverse 1D-FT. A final
reconstructed image is given by

oY) = 6,(9*£(9do, G)

where * is a convolution operator and ¢'(-) is a filter

kernel, operating as a high pass filter.

When the radial MRI is performed for a deformable
object, each projection data is acquired at different time-
points, meaning that the projection data at a specific
projection view is acquired from an object with different

shape information according to the time of data acquisition.

Because the FBP of the sinogram, g,(s), is an integration

of all projection data, which are acquired while the shape
of the target object is constantly changing, the final image
contains the averaged information of the patient motion.

In the proposed method, a special characteristic of the
average information is used. That is, the signal is cancelled
out under a certain condition and is not cancelled under the
other conditions. To utilize this characteristic, the
sinogram can be modified using the sine and cosine signals

with an angular frequency of @’ as follows:

;"(9) = Gy(9exp(jsine )

4
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When the sinogram is modified by Eq. (4), the
characteristics of the sinograms are modified as follows;
the contribution of the sine or cosine modulation can be
summarized as a constant magnitude with a periodically
varying phase value. In other words, the change in the
magnitude of the sinogram can be expressed as the
multiplication by a constant value, but the phase of the
sinogram is varied. In addition, the intensity and position
of the sinogram corresponding to a rigid region changes
moderately with respect to the projection view, so that
average or integration of sinograms modulated by sine or
cosine signals results in similar values with a phase
difference of m/2. This is because the phase variations
caused by sine and cosine modulations tend to be periodic
and symmetrical, and the difference between the sine and
cosine modulations appears as a phase shift. On the other
hand, the deformed region causes a discontinuity in the
sinogram so that the phase variations appear as a
noticeable difference in the sine and cosine modulations,
thereby causing a significant difference according to the
projection view. As a result, the integration results of the
sinograms modulated by the sine and cosine signals are no
longer similar to each other.

Based on these modified sinograms, an image
( p(X,y) ) can be calculated from the filtered back-

projection of the difference sinogram ( g;i“(s)— g, ()
as follows:

pouy)=[T16" O -g" e ¢C@ds. )

sin

Because the FBP results of gj"(s) and g,”(s) are

similar to each other in the rigid regions, O(X,Y)

approaches zero in the rigid regions. On the other hand,
these results are not similar in the deformed regions and
the reconstructed image of p(X,y) tends to have high

intensity on the deformed regions. Consequently, the
deformed region can be detected by the additional
morphology or threshold operators applied to the
reconstructed image, O(X,Y).

3. Results and Discussions

A computer simulation was performed using MATLAB
(MATLAB 7.10.0.499, The MathWorks Inc., Matick, MA)
to verify and analyze the proposed method.

Fig. 2 shows a simulation model consisting of two
circles. Although one is the inner circle with a radius r
remaining motionless, the other is the deformable inner
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Fig. 2. Simulation model composed of two circles. The
inner circle filled with gray dots is a rigid region and
the outer circle is the boundary of the deformable
region.
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Fig. 3. (&) Sinogram of rigid circle in Fig. 2, (b)
Sinogram containing the deformable region.

circle whose boundary is deforming periodically with a
frequency @ to mimic the respiratory motion. The

sinogram of the rigid inner circle, g ,(s) can be

represented as g 4(S) = W2 -¢, (—r<s<r), and the
sinogram of moving circle whose boundary is the outer
circle, gp, 4(S) can be expressed as

2
Omy(S) = 2\/(f +8 {8 —exp[sin(@- 0 TR)]}j -,

-
(6)

4

where & {a, —exp[sin(a)-2—~TR)]} is the movement of a
V4

periodic respiratory motion, which was modeled by fitting
process of a periodic respiratory pattern acquired from the
DC gating of MR experiments [8]. In Eq. (6), 8 and a,
are the parameters to determine the deformable range of
moving circles. TR is the repetition time of the MR
experiment, and ¢/(27)-TR denotes that a different

motion state is selected at the time of each data acquisition.
In this experiment, @’ for the angular frequency of the
modulation in Eq. (4) was 0.87 (rad/s), @ was 1 (rad/s)
and TR was 1 (sec) for simple analysis, the radius, r, was
10 (cm), and & and a, were 5 and 2.5, respectively.

Therefore, the deformable range of the radius was within 2
(cm). As shown in Fig. 3, when the moving circle is
deformed periodically, discontinuities are observed in the
sinogram of Fig. 3(b), whereas the sinogram generated
from a static circle is constant, as shown in Fig. 3(a).
Because the rigid regions are unaffected by both the sine
and cosine modulations, the rigid region can be
distinguished from the deformed region in the
reconstructed image of O(X,y) in terms of the intensity.
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Fig. 4. Simulation phantom, which has the similar
boundary shape and respiratory pattern to the
abdomen. The two arrows indicate the deformable
region.

Based on these characteristics, the proposed method
was applied to a different body model using the above
mentioned respiratory model. The parameters of the
simulation are as follows: @ for angular frequency of the
modulation was 0.8n (rad/s), @ was 0.4x (rad/s) to reflect
the respiratory period of 5 (sec), TR was 2 (sec), and g

and a, were 5 and 2.5, respectively. Long (r;) and short
(r,) axes of an ellipse were 30 (cm) and 20 (cm),

respectively. The motion of the inner circle with a radius
of 5.5 (cm) was the same as the outer ellipse. Fig. 4 shows
the image used in the simulation. As revealed by the
difference in magnitude image in Fig. 5(a) and the
difference in phase image in Fig. 5(b), the rigid region has
intensity values close to zero and the deformed regions
have higher intensities. Therefore, using the difference
images in Figs. 5(a) and (b), the deformed region extracted
by the threshold value is 35 % of the maximum intensity of
the respective difference images. Fig. 6 shows the results
of the proposed method applied to a different simulation
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Fig. 5. (@) Result image, which is difference of magnitude images generated from sinogram modulated by sine and
cosine, (b) Result image which is difference of phase images generated from sinogram modulated by sine and
cosine, (c) Extraction of deformed region using the result of Fig. 4 (a) and (b).
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Fig. 6. (&) Another phantom in the case of two adjacent deformable objects. The arrows present the deformable

region, (b) Mask made using the proposed method.

model composed of two adjacent objects with deformed
regions with the same motion. The model in Fig. 6 was
added an additional ellipse, whose r, was 7 (cm) and T,

was 3 (cm), to the model used in Fig. 4. From the
extraction result shown in Fig. 5(c), PSNR was measured
and compared with a gold standard image based on Fig. 4
without motion. The PSNR was 76 dB and the proposed
method was expected to be used effectively for the
extraction of actual respiratory motion in the body.

The proposed method needs to be validated for in-vivo
imaging to be optimized for actual motion artifacts, motion
estimation and correction. Therefore, further work will
involve experiments with real MR data as well as more
accurate analysis of the proposed method.

4. Conclusion

A detection method of deformable motions in radial
MRI was proposed. The proposed method did not require a
priori information regarding the motion or complicated
processing algorithms. The method only added the
periodic phase information according to the projection
views in the sinogram domain to allow the rigid and
deformed regions to be distinguished as an intensity
difference. The performance of the proposed method was
verified by simulations of a range of models of the
deformable motion.
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