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Synopsis

FID navigators and field probes can measure local motion-induced magnetic field changes at different

positions. Both methods are suited for marker-less prospective motion correction but with limited accuracy. A

small 7T study with five subjects was performed to compare their performance for small involuntary and large

voluntary motions. It is demonstrated that errors of regression models, calibrated between magnetic field

measurements and motion parameters, are consistently reduced by combining both techniques. Furthermore,

a proof-of-concept prospective motion correction experiment based on FID navigators is presented, which will

be extended to include field probe measurements in the near future.

Summary

FID navigators and magnetic field probe measurements are compared for marker-less head motion tracking at

7T. Errors of regression models are reduced by combining both techniques. FID navigator-based prospective

motion correction is demonstrated as a proof-of-concept.

Introduction

Prospective head motion correction (PMC) requires a tracking method which offers high accuracy and high

temporal resolution. Free induction decay (FID) navigators (FIDnavs[1]) can be acquired rapidly and integration

into an MR sequence is straight-forward. However, the intracranial FID signal is also modulated by other

sources of B0 perturbations (e.g. gradient heating, chest motion), limiting its capability as a motion predictor.

Magnetic field probes[2] can be used to keep track of extracranial magnetic field changes, providing additional

information about head motion. Until now, FIDnavs and field probes were only tested individually for motion

tracking[3,4]. In this work, we demonstrate an improvement of FIDnav-based motion tracking at 7T by including

external field measurements as additional predictors. In a first step, we implemented a FIDnav-based PMC

workflow and demonstrated its potential in a proof-of-concept human MR experiment.

Methods

Five healthy subjects were scanned at a MAGNETOM 7T Plus scanner (Siemens, Healthineers) equipped with a

32 channel Rx (1Tx) head coil. They were instructed to keep their head still for 3 minutes (involuntary motions),

and then follow guided head motions for 3 minutes (shaking, nodding, horizontal and vertical figures of eight)

after removing fixating cushions. A rapid 3D-EPI time series[5] (TR = 290ms, whole-head, 3mm isotropic, 620



volumes) was acquired throughout each 3 minutes period to obtain ground truth motion parameters with

MCFLIRT[6]. Before each 3D-EPI volume, a FID navigator (3° non-selective excitation, 2.5ms readout[7]) was

acquired. Furthermore, 16 19F field probes were attached externally to the head coil[8] in order to measure

field probe signals simultaneously with the FIDnavs (2.5ms, "snapshot monitoring"). The 32 complex FIDnav

signals (one per coil element) and the 16 field measurements of the camera were tested separately and

together as a predictor for motion using a simple linear regression model. The first half of each time series

(1.5min) was used for subject-specific calibration and the second for testing. The analysis was repeated with

switched calibration/test sets.

For real-time PMC[9], a single-subject scan (3D-EPI: TR = 400ms, 310 volumes) with involuntary (reference

measurement) and voluntary motion was performed. For model calibration and PMC, the same motion

paradigm (head shaking and nodding) was tested. During prospective correction, FIDnavs were received in real-

time and corresponding field-of-view (FOV) updates were sent back to the scanner and applied during the next

EPI volume acquisition. Residual motion is estimated with MCFLIRT. In order to evaluate the PMC performance,

the actual ground truth motion is estimated from the difference between the residual motion and the applied

FOV updates.

Results

Fig. 1 shows the group mean absolute error (MAE) for different motion types and inputs. Field camera

measurements yield smaller errors than FIDnavs for voluntary motion but show increased errors for

involuntary motion. However, combining both signals as predictors leads to smallest overall error with a

significant reduction of extreme outliers (visible for separate FIDnavs and field camera predictions in Fig. 2).

Different scales of the MAEs as a function of the motion type (Fig. 1) indicate an amplitude-dependent error.

This is also shown in Fig. 3, that puts the MAEs of the combined inputs in relation to the mean RMS

deviation[10] for each time series, revealing a proportionality.

Averaged EPI images without and with PMC are shown in Fig. 4. Using the FIDnav-based prediction of a linear

model for PMC, less blurring and more visible structural details indicate a reduced amount of residual motion

with PMC. A clear reduction of the mean RMS from the actual ground truth motion to residual motion is

observed.

Fig.1 - Group mean absolute errors of the five involuntary and voluntary motion scans comparing

FIDnavs, field camera data and combined inputs for a linear model. The combination leads

consistently to the smallest errors.



Fig.2 - Scatter plots between prediction and ground truth to compare the variance of different

inputs for all five voluntary motion scans. Extreme outliers are reduced by combining both inputs.

Fig.3 - Mean absolute errors versus mean RMS deviation for a linear model using combined inputs.

Involuntary and voluntary motion predictions are shown for five subjects and include switched

calibration/test sets. A weighted least-squares fit was conducted to estimate the models

performance for different motion amplitudes (mean RMS deviations).



Fig.4 - PMC analysis: averaged sagittal and axial slices of the 3D-EPI time series for involuntary

motion (reference scan) and voluntary motions (without and with PMC). Motion blurring is

reduced and edges become sharper with PMC. The RMS value quantifies the mean amplitude of

motion in the respective time series (for the PMC scan, RMS was estimated from the calibrated

FIDnavs model). The second RMS value reported for the PMC scans describe the residual motion

after retrospective motion correction was performed (calculated by a registration of the

corrected EPI images).

Discussion

Minimized errors of the combined inputs compared to separate inputs indicate that both FIDNav and

externally mounted field probe measurements contain valuable, and potentially complementary information

for predicting motion parameters. While FIDnavs demonstrate smaller errors in case of involuntary motions,

the field camera measurements offer higher accuracy for large motions. FIDnavs are more sensitive towards

the intracranial field and could thus potentially measure small magnetic field changes by head motion more

accurately. Although the field camera seems to be superior for large motion predictions, extreme outliers still

occur and can be reduced by combining both signals (Fig. 2). The proportionality between tracking errors and

ground truth RMS deviation is helpful to judge the average model performance for different motion

amplitudes. Assuming that the mean RMS deviation hardly exceeds 1.5 mm in practice (95 percentile of 1000

resting-state-fMRI scans (10 min) from the Rhineland-Study[11]), MAEs of less than 0.08(1)° and 0.060(4)mm can

be expected.

The prospectively corrected images demonstrate a reduction in blurring artifacts which is also underlined by



the reduced mean RMS compared to the ground truth motion mean RMS. However, the remaining motion is

still visible and could be further reduced by a faster field-of-view update (and higher sampling rate of FIDnavs)

and by improving the prediction accuracy (e.g. by including additional field camera measurements).

Conclusion

FID-navigated motion tracking at 7T can be significantly improved by including field probe monitoring data.

Even alone, statically mounted field probes are well-suited for simple regression-based motion tracking

without FIDnavs. The prospectively corrected images show a reduction in artifacts and future work will be

focused on improving the PMC and including field probe measurements in the workflow. The initial results

suggest that combined FIDnavs and field probe monitoring data are promising for future reliable, highly

accurate and marker-less head motion tracking and correction.
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