Catadioptric RGR motion tracking for prospective motion compensation in MR acquisitions
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Introduction: Subject motion tracking and prospective motion compensation are one means to reduce motion artifacts in MR imaging
and spectroscopy [1-5]. Motion tracking methods that have received recent attention include RF coils [5], stereo vision [1-2], and single-
camera optical systems [2-3,6]. Optical motion tracking systems offer the advantages of independence from the pulse sequence used
and potentially high accuracy, while single-camera systems additionally avoid some of the calibration and line-of-sight challenges of
stereo-vision systems [2,3,6]. Single-camera systems include those that operate at short-range, with a camera in the bore and in some
cases mounted on the head coil [2,3], and the Retro-grate Reflector (RGR) that can operate with high-accuracy, even when the camera
is placed outside the bore. An RGR system that has recently been deployed for prospective motion compensation during MR
acquisitions is described. g =

Materials And Methods: The RGR camera and lighting & .
system in an RF enclosure is seen in Fig 1. The lighting -3 . S e
system comprises 8 CREE MC-E quad emitters driven with “

1.5 amps for 10,000 lumens of light. RF emission was
tested using a high-bandwidth EPI sequence on GE and
Siemens 3T scanners without detectable RF interference.
In Fig 2, a view from the head end of the scanner shows the
custom fabricated rib which supports a mirror. Delrin spars
with radial widths of 50 and 30 mm were tested (50 mm
shown). With friction material under the feet, the 30mm rib
is adequately stiff, and requires less space in the bore. A

100x100 mm mirror is visible, mounted at a 45 degree
angle to the axis of the bore. An RGR marker is visible on
the rib, another RGR marker is mounted on a phantom and
is visible in the mirror. Fig 3 is an image processed by the
RGR system. At the working distance of 2.4 meters, the
Prosilica GC 650 camera with Schneider 70 mm lens
images the 20x20 mm marker with an image size of 65x65
pixels, which is adequate for RGR tracking. Figure 4 shows
an RGR marker fixed to a pair of MR-safe goggles. RGR
motion data were collected during trials of prospectively-
corrected MR imaging, and are analyzed to determine
tracking system noise and mirror stability.

Fig. 2. Head-end of magnet, with
camera, rib, mirror & head caoil.

Fig. 3. RGR Marker as seen by camera.
Circular retro-reflectors mark mirror
Results & Discussion: Results are illustrated in Figs 5-7. corners.

Fig. 4 RGR marker on subject
in head coil. Marker viewed by
camera via mirror on rib_

The data in Figs 5 and 6 were collected with the marker on

a phantom in the head coil and no motion. For the first half of each trace the scanner is idle, while the second half was acquired during
3D gradient echo imaging. In Fig 5, RMS noise levels are 9 and 8 microns in the RGR X and Y directions, 381 microns in Z, Fig 6
shows Euler angle noise levels below 0.007 degrees on all 3 axes. No change is seen in the noise level at the onset of scanning at
t=60 seconds, indicating that the combination of rib and mirror with friction material, and RGR image processing provides robustness to
potential vibrations in the scanner. Data collected during a motion-corrected in vivo scan is seen in Fig. 7. Motions correspond to an
image reported in [6]. To reduce noise impact during imaging, the RGR Z axis (along the camera line-of-sight) was filtered using a 5"
order Butterworth filter with w=0.63 [rad/sec]. The other position and rotation variables did not require filtering.
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Fig. 5 XY Z components w/o motion. Fig. 6 Rotation components w/o motion. Fig. 7 X Y Z components w/ motion.
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