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Results: The Wiener filter, shown in Fig. 2, provided the most

promising result with an ambient noise attenuation of 22 dB and no

marked increase in electronic noise. The second best approach was

the adaptive filter (16 dB), however it had poor performance with

large amplitude noise sources (4 dB). The coherent noise suppression

method gave 8 dB noise attenuation. The shielding enclose was able

to attenuate noise by 24 dB, and results are summarised in Fig. 3.

Figure 3 Comparison of noise attenuation achieved by investigated

methods. The noisy signal recorded by the detector (broken-blue line)

was best de-noised using the Wiener filter method. A reduction of

22 dB was achieved, which is close to the 24 dB attained via the

shielding enclosure (broken-red line). The adaptive filter (pink) and

the coherent noise suppression (green) methods led to 16 dB and 8 dB

attenuation, respectively.

Discussion/Conclusion: Software gradiometry can achieve an atten-

uation comparable to our high permeability magnetic shielding

enclosure. Software gradiometry has the advantage that the volume

required by the sample coil is smaller than its equivalent hardware

gradiometer, which can increase the SNR through a better coil dis-

tribution. In future work we will analyse the benefits of increasing the

number of background coils and any gains to be had using machine

learning for noise suppression. Our inexpensive signal detector paves

the way towards a truly portable ultra-low field NMR system.1
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Purpose/Introduction: The specific absorption rate (SAR) above

regulation levels is considered a significant risk in MRI scanners1.

Indeed, the strength of the static magnetic field (B0) and the

radiofrequency (RF) electromagnetic field can lead to local heating of

tissues. To ensure patient safety, it is therefore important to estimate

the local SAR in addition to the global SAR. Various methods are

used to assess the local SAR: dipole probes2 that measure electrical

field (E), or thermal sensors3. This work presents an optical probe

based on Pockels effect and developed to measure precisely the

E-field. Previous works4,5 have demonstrated the ability of this probe

to perform E-field measurements in an unloaded birdcage coil. Here,

in vitro E-field measurements are presented at different B0-fields

strengths and RF coil geometries.

Subjects and Methods: The electro-optical effect was used to

develop the optical-based probe consisting of an isotropic crystal

illuminated by a laser. When the E-field is applied, the refractive

indices of the crystal and the polarization state of the laser change.

The polarization state modulation is analyzed then converted into an

analog signal (proportional to the E-field) by means of a fast photo-

diode. Figure 1 presents the setup of the experiments performed in

two different MR scanners (the used sequences and RF coils are

described in Table 1).

Figure 1 Schematic of the experimental setup for E-field measure-

ments. The emitted and reflected lasers were transmitted through the

same optical fiber. The signal processing unit contains optoelectronics

components to analyze the polarization state modulation of the laser.

A fast photodiode was used to ensure the optical-to-electrical con-

version of the signal. A spectrum analyzer provides directly the

temporal evolution of the RMS value corresponding to the E-field

component. The probe was calibrated outside the MRI using a loaded

transverse electromagnetic cell to determine the proportionality factor

between the measured signal and the electrical field.

Results: MR images of an orange (fruit) were acquired with and

without insertion of the optical probe (figure 2). The slight difference

between the images was due to the mechanical insertion of the probe

and not due to some possible perturbations of the probe. Table 1

summarizes results of the local SAR for different samples and

experimental conditions at the center of the MRI. The presence of a
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resonant circuit near a liquid-filled phantom caused an increase of the

SAR by a factor of 7.76. Inside an orange, SAR values were 10.76 W/

kg and 3.98 W/kg at 4.7-T and 3-T, respectively. Finally, the cali-

bration of the probe shows that the relative E-field amplitude

uncertainty does not exceed 1 dB.

Figure 2 a) MR images of an orange with and without the insertion of

the optical probe and the difference between the two images. The

orange was located in the center of the body coil of a 3T clinical MR

scanner.

Table 1 The characteristics of the samples used in the experi-

ments, the measured amplitude of the radial component of the

electrical field and the local SAR calculated from electrical conduc-

tivity, mass density and the measured electric field values inside (1) a

liquid phantom filled with a solution of 1.25 g NiSO4 9 6H2O + 5 g

NaCl per liter of distilled water to mimic the patient, (2) a resonant

circuit was put at 2 cm from the liquid-filled phantom, (3) an orange

and (4) a veal muscle.

Discussion/Conclusion: This study exhibits the SAR-values for dif-

ferent samples by measuring directly the E-field using an optical-

based probe. The E-field values depend strongly on the dielectric

proprieties of the sample to be imaged and our measurements have

shown the sensitivity of the optical probe to this variation. Finally, we

have demonstrated that this probe could be used for different B0-field

strengths and different coil geometries with very low disturbance to

the EM field.
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Purpose/Introduction: Parallel transmission (pTx) technology can

mitigate B1
+ inhomogeneity at UHF MRI and accelerate spatially

selective RF pulses [1,2]. In this work, a simulation study on three 2D

parallel excitation scenarios at 7T is presented. Designed pTx pulses

were constrained in peak RF power and excitation error, and evalu-

ated w.r.t. the optimization goals of minimizing local 10 g SAR and

pulse duration.

Subjects and Methods: We used an open-source MATLAB toolbox

based on the spatial domain method [3,4] to design small- and large-

tip-angle pTx pulses for a generic 8-channel head coil [5] (Fig. 1a).

FDTD electromagnetic simulation (XFdtd 7.4, Remcom, State Col-

lege, PA, USA) and circuit co-simulation (ADS, Agilent, Santa Clara,

USA) were used to determine the complex coil transmit sensitivities

(Fig. 1bc) in the central transverse plane of the phantom. 2-dimen-

sional target patterns (Fig. 1def) were defined on a 64 x 64 grid (22 x

22 cm2).
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