
Figure 1: Evaluation of MR-compatibility in varying configurations under two imaging protocols. 
Large markers represent mean normalized SNR and smaller points represent individual SNR values 
for each of the ten images in the set. In the final filtered and shielded configuration, mean SNR loss 
was limited to only 3% at the worst case under the more sensitive, T2-weighted imaging. 
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Introduction: MR provides the ability to perform closed-loop image-guided surgery. However, the inability to use conventional sensors and actuators in high-
field MR limits the availability of assistive technologies for interventional procedures. MR-compatible robotic systems have been investigated by several groups and 
a review can be found in [1]. The field of MR-compatible robots has yet to come to maturity, with many groups reinventing the wheel when it comes to actuator 
selection and evaluation. A side-by-side comparison of actuation techniques with the intent of a fair comparison between technologies is presented in [2]. Inherently 
MR-compatible actuation techniques include those that require no electrical connection to their controller; thus pneumatic and hydraulic actuation schemes, as well 
as remote actuation through mechanical means are suitable. Although pneumatics have been successfully used for control of robots in MRI, they either require a 
complex control scheme and accurate system model to generate the required accuracy for servo control [3] or a complex and costly mechanism and controller design 
with an inherently limited accuracy for open loop stepping control [4]. A technology that shows significant promise as an actuator for MR-compatible interventional 
devices is the piezoelectric motor. In their “out of the box” configuration, the Nanomotion piezoelectric linear motor has shown to be adequate for many 
applications, but far from ideal with SNR losses reported at 20% when moving in the scanner during imaging [2]. A closed-loop controller based on the PiezoMotor 
piezoelectric linear motor is independently evaluated in [5] with SNR loss reported at 14%. We present the development of techniques to optimize the MR-
compatibility of the PiezoMotor actuator and controller such that the effects on image quality are negligible while maintain full functionality. 

Materials/Methods: The motor used in this study is the nonmagnetic version of the Piezo LEGS (PiezoMotor, Uppsala, Sweden). These motors are available in 
both linear and rotary versions. The motor is powered through a 5m shielded, 24 gauge, 6-conductor cable. To ensure adequate shielding, the ground strap on the 
cable shield is physically attached to the motor housing and the exposed shield and leads extending to the motor are wrapped in aluminum tape with conductive 
adhesive. The cable runs to a controller (PiezoMotor driver) situated in an RF shielded aluminum enclosure with the cable shield fully grounded to the enclosure at 
the entrance point with aluminum tape. Inside of the enclosure, a filter bank is placed between the motor leads on the amplifier outputs. The filter on each of the 
motor leads is an L-C filter in a Pi configuration with a cutoff frequency of 65 kHz (L = 12uH, C/2 = 1uF). This cutoff frequency allows the drive signal that reaches 
a maximum of 3KHz to pass through unaffected and maintain a low enough capacitance as to not affect motor operation, while filtering out any residual noise in 
frequencies near the Larmor frequency (63.9MHz for 1.5T to 127.8MHz for 3T) that would affect image quality. A clean power supply was provided to the 
amplifier board using 12VDC power from two 6V lantern-type batteries placed inside of the enclosure. The enclosure is fully sealed with conductive aluminum tape 
and connected to the scanner room ground. The experiments were performed in a Bruker Biospin 2T/45 cm horizontal bore system equipped with 200mT/m 
gradients. The phantom used in the imaging study was a 25mm ID  tube filled with 0.25mM MnCl2.The motor and phantom were placed inside of a custom-made 
50mm diameter birdcage coil for RF transmit and receive. The configuration used provides for a very sensitive instrument for measuring degradation of image 
quality. In the experiments, the controller was placed approximately 3m from the scanner bore.  

Experiments and Results: The configurations evaluated include: baseline of phantom only, motor with no shielding or filtering (powered and unpowered), 
motor with exposed inline filters (powered and unpowered), and fully shielded, grounded and filtered motor (powered and unpowered). Ten images were acquired 
for each configuration under each of two imaging protocols. The two image protocols used in this study were: 1) T1-weighted images, 256X256, TR=400ms, 
TE=15ms, SW=45.4kHz, st/is=2/2.2mm, FOV=8cm, 10slices, Gain = 1200, NEX=2 and 2) T2-weighted images, 256X256, TR=2252ms, TE=150ms, SW=20kHz, 
st/is=2/2.2mm, FOV=8cm, 10slices, Gain = 7000, NEX=1. The SNR of the acquired images was used as the metric of image quality. SNR was calculated as the 
mean signal in a 25pixel (~8mm) square ROI inside of the phantom divided by the RMS value of the noise in a 25pixel (~8mm) square ROI in the periphery of the 
image outside of the phantom and nearby ringing artifacts. The SNR for each configuration was normalized by the average SNR of the 10 baseline images for each 
imaging protocol. The results are shown in Fig. 1, where 
the large symbol represents the mean normalized SNR for 
each configuration and imaging protocol and the smaller 
points represent the normalized SNR for each of the 
individual images in the set to provide a sense of variation. 
The SNR degradation of the final configuration proved to 
be visually unidentifiable for both T1 and T2 contrast and 
resulted in a mean SNR loss of 3% in the worst case. 
Considering the variation within the image set, the SNR 
loss of the modified device is negligible. 

Discussion: We have optimized the usage of the 
PiezoMotor PiezoLEG actuator such that the effect on 
image quality is insignificant for most practical 
inteventional applications. As such, it now appears that if 
appropriate shielding and filtering is utilized, these motors 
may serve as viable candidates for high accuracy MRI-
compatible manipulators. We are currently developing a 
custom mult-axis driver and power distirbution board for 
thse motors with incorporated filtering and shielding. The 
initial application for these motors will be a robotic device 
for neurosurgery where high precision motion during 
imaging without loss of image quality is essential. 
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