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Introduction: 
  Subject motion causes artefacts in maps of diffusion parameters computed from diffusion weighted (DW) images. Without correction, these errors cause blurring and edge artefacts as well as erroneous values of the derived images e.g. fractional anisotropy (FA) [1]. A novel technique is presented here to correct, in real time, spatial misalignment of diffusion volumes acquired by varying strength and orientation of the diffusion sensitizing gradient. A 3D low resolution navigator based on T1 weighted imaging is inserted between the diffusion volumes to compensate for rotation and translation in all 6 degrees of freedom. This technique can account in real time for any rigid body motion and is appropriate also for high b-value protocols. 
 
Methods: 
 A 2D diffusion sequence was modified to include a 3D EPI navigator after each diffusion volume. Each 3D navigator is compared to a reference, which was selected to be the first navigator. The translation and rotation of the head is calculated in real time using PACE [2]. The detected motion parameters are sent in real time to the sequence, and slice position and orientation for both the diffusion and the navigator are adjusted according to the altered position of the head. The sequence’s protocol was also modified to run the diffusion sequence with and without the navigator. DTI acquisition was repeated three times in one subject: once with motion and navigator correction (Moco), once with motion but no motion correction (NoMoco), and the last with no motion (Baseline). The subject was instructed to move their head randomly every minute and a half during acquisition.   Scans were performed on a 3T Tim Trio (Siemens, Erlangen, Germany) using the 12-channel head coil. The navigator’s acquisition parameters were: TR 14 ms, TE 6.9 ms, voxel size 8 x 8 x 8 mm3, resolution 32 x 32 x 32, and readout bandwidth 3906 Hz/px. For the diffusion sequence the parameters were: TR 9300 ms (including the navigator time) , TE 103 ms, 64 slices, slice thickness 2 mm, GRAPPA acceleration factor 2, and 20 diffusion gradient directions for each b-value (0, 700 , 1400, and 2400 s/mm2). The waiting period for feedback (including all navigator-related computations) was around 70 ms for each repetition.  The diffusion parameter values as corrected with PACE were compared to retrospective motion correction with FLIRT of the NoMoco data. In this registration, the navigator was excluded and only the diffusion volumes were aligned with the first diffusion volume chosen as the reference.   
Results and Conclusion:  
 The total scan time including the navigator was 9 min 37 s, compared to 9 min 1 s without.  The DTI parameters for the three acquisitions were computed using Diffusion Toolkit tools. The color FA for slice number 33 are shown in Figure 1. The results show a substantial improvement in the pattern of the color coded FA with Moco compared to NoMoco. The histogram of the FA for the whole brain was also calculated (Fig. 2). There is a distinct improvement in the distribution of FA values for the whole brain (GM, WM, CSF) with the navigator.  Comparing PACE with retrospective methods, we found that retrospective methods using mutual-information based registration do not properly correct the slice misalignment for high b-values (Fig. 3). Some studies have suggested that mutual-information based registration can correct motion for b-values up to 1100 s/mm2 [3].  The TrackVis tool was used to visualize the corticospinal fibres for the three acquisitions. The results show an improvement in the fibre structure with Moco (Fig. 4).   In conclusion, the proposed technique allows for online motion correction of the diffusion volumes, even with high b-values and with many directions, in the presence of subject motion, with little additional scanning time.  
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