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This abstract presents a retrospective motion correction method for fMRI. The method alternates between motion estimation and motion-informed model-based reconstruction. Compared to registration-based

correction, this approach resolves intra-frame, inter-shot motion without additional navigators. The open-source GPU-based implementation enables e�cient correction/reconstruction for large-scale non-

Cartesian fMRI data. With prospective experiments, we demonstrate that our approach outperformed retrospective registration by providing higher-resolution images with reduced false positives in activation

maps.

Introduction
Motion correction is important for fMRI due to the long acquisition time. Currently, registration-based retrospective correction is standard in post-processing pipelines [1]. Typically, this approach estimates the

motion parameters for the whole volume at a certain time frame. For high-resolution multi-shot fMRI, the intra-frame motion between shots may impede these image-based approaches and cause blurring. We

propose an iterative approach for �ne-grained motion correction and reconstruction. By iterating between motion estimation and model-based reconstruction, this method leads to improved motion correction

compared to single-pass registration. The implementation uses multi-GPU optimization to accelerate the computation.

Methods
The proposed method alternates between motion estimation (via registration) and motion-informed model-based reconstruction to synergistically improve both. The �rst step reconstructs a ‘crude’ image for

each acquisition shot. We used a ‘data-sharing’ (multi-shot) reconstruction as the initialization to avoid strong aliasing artifacts. The next step estimates rigid motion by registration (gradient correlation as the

metric). Then the method updates the k-space data and corresponding system matrices of each shot (including the sampling trajectory and coil sensitivity and B0 maps) according to the motion parameters.

The model-based reconstruction usually involves the following cost function , where  is the system matrix. Here the system matrix is a stack of system matrices of di�erent

shots

to accommodate di�erent trajectories and shifted sensitivity/B0 maps. R(x) denotes the regularization terms, for example, a Tikhonov regularizer.

Compared to standard reconstruction, the proposed reconstruction method requires more NUFFTs for multi-shot acquisition. The implementation uses the GPU-based MIRTorch [2] and torchkbnu�t [3] for

e�cient computation.

Experiments
We tested the proposed motion correction with the oscillating steady state (OSS) fMRI [4], a novel high-SNR BOLD fMRI method. The sampling trajectory used the rotation EPI (REPI) [5], as shown in Fig. 1. The

FOV is 20×20×3.2 cm , with 2 mm  isotropic resolution. The TR is 16 ms, and TE is 7.4 ms. We used 10 shots and 10 OSS ‘fast time’ acquisitions to reconstruct a single time frame. In the phantom experiment, we

cyclically rotated a cylinder water phantom. In the in-vivo task-based study, a volunteer performed the �nger-tapping task, and rotated the head to mimic motion. The baseline registration used the standard

MCFLIRT function in the FSL toolbox [1]. The reconstruction algorithm was CG-SENSE reconstruction (roughness penalty, 20 iterations) and used Nvidia RTX8000 GPUs.

Results and Discussion
Fig. 2 shows the results of the phantom experiment. Compared with MCFLIRT, our method e�ectively reduced the blurring caused by the intra-frame motion. Fig. 3 displays the in-vivo reconstruction results,

where the proposed method reduced blurring. Fig. 4 shows activation maps calculated from MCFLIRT and the proposed method. MCFLIRT falsely showed activation in the skull due to motion, whereas the

proposed method accurately re�ected voxels in the motor cortex.

Our approach with the multi-GPU optimization signi�cantly improves computation e�ciency: the reconstruction time of using 3 GPUs was <1hr, whereas an 18-core CPU calculation took more than 20 hr (for 60

time frames).

We showed an application to fMRI in this abstract. It may also bene�t other applications, such as di�usion and MR �ngerprinting.
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Figure 1. Work�ow of the proposed method.

Figure 2. Results of the phantom experiment. In the presence of strong motion, the registration-based method (MCFLIRT) cannot resolve the blurring caused by the inter-shot movement.
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Figure 3. Results of the in-vivo experiment. Two slices of the same time point are displayed, corrected by di�erent methods. Similar to the phantom experiment, the proposed method e�ectively reduced the

blurring.

Figure 4. Activation maps for the two motion correction methods. MCFLIRT led to scattered false positives due to motion, while the proposed iterative method re�ected accurate correlations of the motor cortex.
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