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Introduction: Motion correction still remains a topic of active research in the field of MRI. Several different approaches have been 
pursued to tackle motion-induced artifacts, such as motion tracking [1], self-navigated trajectories [2] and specialized reconstruction 
using additional information from multiple coils [3-4]. The third approach primarily uses parallel imaging based algorithms to detect 
and re-synthesize motion corrupted data, based on the assumption that motion affects the consistency in local k-space. But motion 
might affect too many acquisition segments and coil geometry might not be suitable for parallel imaging. In a prior work by Atkinson 
et al, different kinds of motion (flow, affine motion) were modeled as different changes in coil sensitivity [5]. In this work, we revisit 
the fact that due to spatially varying sensitivities of coil elements, motion artifacts will appear differently relative to mean signal in the 
various coil images. But instead of parallel imaging based rejection/detection of motion-corrupted data, we explore strategies for 
optimal combination of coil data to reduce motion artifacts. We demonstrate our reconstruction performance in the context of ghosting 
artifacts induced by swallowing, coughing and breathing in spine images.   
Theory and Methods:  Motion induced ghosting can create intensity variation in the background pixels and increase image entropy 
[6]. Based on entropy in a region of interest (ROI) of individual coil images, data from coils that are most affected by motion can be 
rejected. This would reduce motion induced ghosting/blurring in the resultant image, but also penalize the signal-to-noise ratio (SNR) 
in the resultant combined image. We propose to normalize individual coil images by an estimate of their coil sensitivity, and then to 
compute an average image from the less corrupted coil datasets. Since only some phase-encodes/acquisition segments are likely to be 
affected by motion, we propose to assign different weights to each phase-encode/acquisition segment in these motion-impacted coil 
datasets [7]. We can then solve for these weights by minimizing the gradient energy of the resultant image.  ( , ) = ( , ) + ∑ ∑ , , ( , )              [1a]    

 , ( , ) = ( ( , ). ( , )                  Where ( , ) = 1	 	 = ;	 0 otherwise                                   [1b] 
  

In the above equations, l and ky are the coil and acquisition segment indices respectively. We will refer to this method as Coil 
selection with Entropy Minimization (CEM) for the remainder of this abstract. After obtaining informed consent, two volunteers were 
scanned with 2D fast spin echo (FSE) and 3D fast gradient-echo (FGRE) sequence on a 1.5 Tesla GE HDx system, using a 4 channel 
neck receiver array.  Scan parameters for the 2D Fast Spin Echo acquisition were TR/TE=5500/109ms, echo-train length=18, 
acquisition matrix 416x256, FOV/slice thickness: 24 cm/2.5mm. Scan parameters for the 3D gradient echo were TR/TE=7.3/3.6ms, 
acquisition matrix 416x256x32, FOV/partition thickness 24 cm/2.5mm. The volunteers were asked to cough and swallow deeply and 
breathe heavily multiple times during the study. CEM algorithm was applied to the resultant datasets. For a basis of comparison, the 
COCOA method [4] and the reject-resynthesis method (RR) which detects motion based on difference between multiple copies of k-
space data generated by parallel imaging [3] were also implemented. 
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Results:  In all acquired datasets there was a 
considerable entropy difference between the 
individual coil images. Figure 1 shows results from a 
gradient-echo acquisition. Figure 1a shows the 
original coil combined image which has significant 
ghosting artifacts. Figures 1b) and 1c) are images 
from individual coil elements 1 and 4. The appearance 
of the ghosting artifacts is considerably less in the 1st 
coil image, compared to the 4th. Figure 1d, 1e and 1f 
show images reconstructed by COCOA, RR and our 
proposed CEM method respectively. While both the 
CC and RR methods were able to reduce the artifacts, 
residual ghosting is visible in both of these images, 
possibly because more than 50% of the acquisition 
segments were corrupted by motion. In comparison, 
there is minimal residual ghosting in the CEM 
method. 
Discussion: In this work we proposed coil selection 
and view combination strategies to reduce motion 
induced ghosting artifacts. Individual coil images 
were normalized by coil sensitivity estimates to avoid 
phase cancellation from coil combination. The method 
is especially beneficial for cases when the source of 
motion has a significantly different position relative to 
the different coil elements. 
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Figure 1 shows in vivo images from a 3D gradient echo dataset. 1a) shows the 
original coil-combined image, Figures b and c are individual coil images from 
coil elements 1 and 4 respectively. The bottom row show results obtained with 
different motion artifact reducing reconstruction strategies. Figure 1d), 1e) and 
1f) were obtained with the COCOA, RR and CEM methods respectively. 
Ghosting artifacts are indicated by the red arrows. 
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