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A dynamic R2*-and-field-map-corrected imaging for single shot rosette trajectories 
 

S. Lee1, J. A. Fessler1, D. C. Noll2 
1Electrical Engineering and Computer Science, University of Michigan, Ann Arbor, MI, United States, 2Biomedical Engineering, University of Michigan, Ann Arbor, 

MI, United States 

Introduction 
The rosette trajectory is known for the spectral selectivity, which was used to selectively reconstruct different chemical species or multiple slices with 
different resonant frequencies [1,2]. However, the spectral selectivity causes difficulty in the image reconstruction when there is main field 
inhomogeneity.  The conventional iterative reconstruction [3], which uses pre-estimated field maps, often fails to reconstruct images properly, 
because the rosette trajectory is more sensitive to the errors in the field map than other fast single shot trajectories such as spiral. In this work, we 
present a robust reconstruction method that can reconstruct R2*-and-field-map corrected (and R2* weighted) images from low accuracy field maps. 
Beyond the robust dynamic field map correction, the proposed method produces a more accurate field map from the phase of reconstructed images. A 
human experiment results are presented. 
Theory 
The MR signal is segmented in time into L contiguous segments. Assuming there is negligible signal decay from R2*, the signal for l’th  segment can 
be written as  
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is the R2* weighted magnetization at the l’th segment, and )(r
rω is the field map. The discrete signal equation can 

be rewritten from the equation (1) as 
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The images lM ’s can be reconstructed by minimizing the following cost function using conjugate gradient 
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where the pre-estimated low accuracy field map is used in the segmented system matrix Al, and β and γ are the spatial and temporal regularization 
terms respectively. The third term in the equation (3) plays key role in the segmented reconstruction by providing a priori information on the 
temporal evolution of Ml’s. It should be noted that, without the temporal regularization, a direct reconstruction of each image Ml from Yl would result 
in severe undersampling artifacts since each segment is only about 2ms long. From the phase of the images Ml, we can estimate the refined field map 
by log-linear fitting. 
Method 
This approach is demonstrated using human data from a GE 3T scanner. The scan parameters were TR=2s, TE=5ms, slice thickness=3mm, 
FOV=24cm. The parameters for rosette trajectory were the azimuthal frequency ω1=1.087kHz, the slow angular frequency ω2=113.22Hz, and the 
total length of the acquisition = 44.4ms. The reconstruction parameters were the number of segments L=24,  β=0.5 and γ=400. The initial low 
accuracy field map was estimated using the low resolution images from two delayed acquisitions, where the redundant samples were excluded in the 
reconstruction of the low resolution images. 
For the comparison, the images were iteratively reconstructed [3] using no field map, low accuracy field map and the higher accuracy field map 
estimated using the proposed method. 
Results 

Figure 1. (a) No field map correction (b) field-map-corrected image 
using the low accuracy field map (c) field-map-corrected image using 
the high accuracy field map from the proposed method (d) R2*-and-
field-map corrected image (M12) from the proposed method 
 
Discussion 
The proposed reconstruction was more robust to the field map error 

than the conventional iterative reconstruction, while it can also provide an updated field map from the phase of Ml’s. Since each segment was about 
2ms long, the reconstructed images were also R2* corrected. The spatial and temporal regularization parameters were determined through 
simulations, and the optimal values varied according to the number of rosette petals per data segment. Unlike the previously proposed method by Lee 
et.al.[4], the proposed method does not require a pre-estimate of R2* map. The accuracy of the field map could be improved if the estimated field 
map is used again as the initial field map in the proposed method. However, the convergence of such iteration is not guaranteed. The method is also 
applicable to other refocusing trajectories such as projection reconstruction (PR), and it is readily extendable to multi-shot imaging methods. 
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