A Reconstruction Algorithm of MR Images Acquired on a Radial k-Space Trajectory for Parallel Imaging
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Introduction

A reconstruction method was presented by Pruessmann et al. for Sensitivity Encoding (SENSE)[1] with arbitrary k-space trajectory [2]. The method can be
applied to the MR data acquired on a radial, spiral and random k-space trajectory as well as Cartesian k-space trajectory. However, in the reconstruction
procedure, the method requires gridding step which converts the coordinates from arbitrary grid to Cartesian grid. Therefore, it suffers from the gridding
interpolation error in the reconstructed image. In this study, we proposed a reconstruction algorithm for parallel imaging with radial k-space trajectory. The
presented method does not require gridding step and can reconstruct the images using only magnitude information of the projection data which is obtained
after the Fourier transform along the radial direction.
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Fig. 1 (a) Projection schematics, (b) Proposed matrix equation to reconstruct radial data for SENSE

of formula (1) can be represented in the matrix equation as shown in Fig. 1(b), where N is the number of samples in both image and projection data,
V is the number of view angles, and C is the number of channels in the phased array coil. The matrix bis the projection data whose dimension is
[NCV x1], matrix A is the relationship matrix whose dimension is [NC} x N?], and matrix x is the reconstructed image whose dimension is

[N? x1]. Therefore, the reconstructed image can be obtained by solving the matrix equation, b = Ax. In order to determine the solution, the row

dimension of matrix A must be equal or larger than the column dimension of matrix A (NCV > N> —.. ¥V > N/C). This means that the number
of view angles (7)) can be reduced by factor C (number of channels in coil) and this results in shortening the acquisition time in radial imaging. In this
study, the parameters ( N,V and () were 128, 64 and 4, respectively.

3. In solving the matrix equation, so small errors in projection data (b) can lead to large changes in reconstructed image (x ). To suppress this effect, we
used Tikhonov regularization [3]. And due to the huge size of the matrix, conjugate gradient iterative approach [4] was used to solve the equation.

Results

The performance of the proposed algorithm was measured by comparing the
images reconstructed from the Radon transform with the reconstructed images
from the proposed method. The parts on the top show the reconstruction using
our technique with 64 views, and the parts shown on the bottom represent the
images obtained by summing the magnitude of the images reconstructed using
Radon transform with same number of views. As evident from Fig. 2, the
algorithm uses the multi-channel data effectively and reconstructs the images
with higher resolution than the Radon transform.

Conclusion

In this study, we implemented an algorithm to reconstruct the MR data acquired
on a radial k-space trajectory for parallel imaging. The proposed algorithm does
not require gridding step and can reconstruct the images using only magnitude
information of the projection data. The motion artifact can be reduced by using (b)
only magnitude information of the projection data and radial acquisition helps Fig. 2 Reconstructed images (4 slices, 64 views) using (a) the proposed
us obtain DTI image with higher spatial resolution. We believe the algorithm of method (b) radon transform

this kind can be effectively deployed for reconstructing DTI data acquired on a radial k-space trajectory to obtain higher spatial and temporal resolution
images.
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