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Without major innovation, high-field MRI instruments offer limited utility in 
field deployable and portable contexts. Our effort focuses on the high-risk and 
critical challenges that must be solved to enable deployment of transportable 
dedicated MRI systems. This includes the development of robust low-field scan-
ner hardware methodologies, the development of state of the art high-speed 
imaging strategies and work on advanced adaptive reconstruction methods in-
cluding navigators and sparse sampling.

In order to further improve the temporal resolution attainable using low-field 
b-SSFP imaging, we investigated the combination of compressed sensing (CS) algo-
rithms and undersampling strategies in the electromagnet LFI. 

Introduction Material and methods

Results

Undersampling + Compressed Sensing
Most images are sparse in the sense that they can be accurately represented with 
fewer coefficients than one would assume given their spectral bandwidth [2]. Com-
pressed sensing (CS) is a framework for exploiting sparsity to reconstruct high-fi-
delity MR images from undersampled k-space datasets that do not fulfill the 
Nyquist sampling theorem [3].

A choice was made to acquire random lines of k-space chosen in the phase-encode 
directions (ky, kz) following a Gaussian probability density function, as shown in 
the figure below. The readout direction was fully sampled. 

Results

Images reconstructed from the k-space data of Figure 3 are shown in Figure 5. The 
maximum signal to noise ratio (SNR) is 14.6 in the fully sampled image (Figure 5A) 
and 12.4 in the 50% undersampled image (Figure 5C). Although the SNR is smaller 
in the case of the undersampled dataset, it is not substantially less than the fully 
sampled k-space, despite being acquired 6× faster. This is due to the non-sampled 
lines in k-space being identically replaced by zeros before reconstruction, thus de-
creasing the noise floor. 

Conclusion

The presented work overcomes the main limitations of working at low field, 
which typically results in poor SNR and prohibitively long acquisition times, by 
using a custom built optimized scanner with stable magnetic field B0 and low 
overall noise that allows implementation of b-SSFP imaging. 

A critical question for this work will be understanding the clinical balance and 
impact that the tradeoff between acquisition time and resolution implicit in imag-
ing plays on the operation of a deployable scanner. Time-critical triage and treat-
ment decisions may be able to be made in the field with lower resolution imag-
es—acquired with the right contrast—obtained very quickly. The question of what 
is “good enough” is evolving, and careful attention to the individual needs of 
point-of-care physicians such as neurointensivists will guide this work going for-
ward.

Conclusion

A. Fully sampled - NA=30 / Acq. time = 10 min

B. 50 %  undersampled + Compressed Sensing - NA=20  / Acq. time = 3 min 20 s

C. 50 %  undersampled + Compressed Sensing - NA=10  /  Acq. time = 1 min 40 s

Figure 5: shows the 10 slices of a (a) fully sampled, and (b-c) %50 undersampled bell pepper acquired 
using 3D b-SSFP at 6.5 mT (276 KHz) with a single channel solenoid detector coil. Voxel size is 
9×3×2mm3. Maximum signal to noise ratios (max SNR) are (a) 14.6 and (b) 12.4 respectively.

Figure 6: 3D rendered images of the bell 
pepper reconstructed from the acquired 
50 % undersampled NA=10 dataset.

The system shown on Figure 1 was upgraded and optimized for 1H imaging result-
ing in improved B0 stability, higher gradient slew rates, and lower overall noise. 
This effort included the use of an improved power supply (System 854T, Danfysik, 
Taastrup, Denmark) for the electromagnet with ±1 ppm stability over 20 minutes 
and ±2 ppm stability over 2 hours, and the addition of high-current shielded 
cables throughout the system. 

The scanner operates inside a double-screened enclosure (ETS-Lindgren, St. 
Louis, MO, USA) with a RF noise attenuation factor of 100 dB from 100 kHz to 
1GHz.
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NA=10 and 20, acquisition matrix = 
64×32×11, voxel size = 2×3×9 mm3. The 
readout duration was 7.04 ms with a 
total readout bandwidth of 9091 Hz. 
Total acquisition time were 1 min 40 s 
and 3min 20s. A fully sampled dataset 
was also acquired with NA=30.  The 
total acquisition time in the fully sam-
pled case was 10 min. The pulse se-
quence diagram of the sequence used 
is shown Figure 4.

Photograph of the NMR Solenoid coil (276 KHz) used for imaging
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B0 stability and off resonance effects
b-SSFP requires a stable and homogenous 
field to avoid imaging artifacts. Permanent 
and electromagnets typically do not have the 
stability required for b-SSFP. Our bi-planar 
electromagnet (shown on Figure 1) has homo-
geneity better than 20 ppm over a 40 cm DSV 
and excellent stability, allowing us to imple-
ment b-SSFP. To the right (Figure 2) is a simula-
tion of the sensitivity of b-SSFP to off reso-
nance effects using our sequence parameters.

Figure 2:  The transverse magnetization is con-
stant for only ± 5 Hz from resonance. Simula-
tion inputs are α = 90°, T1/T2 =  776/657ms, 
and TE/TR = 14/29 ms. 

MR Acquisition
The 3D imaging experiments presented here were performed using b-SSFP with 
Cartesian acquisition of k-space at 6.5 mT (276 kHz), using a bell pepper as an im-
aging phantom. 50% undersamping of k-space was achieved using a Gaussian proba-
bility density function with σy and σz = 0.14. The sequence was set with TE/TR = 
14/29.2 ms, 
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Figure 3: A.Full and B. 50 % undersampled k-spaces acquired in a bell pepper. The variable-density strate-
gy used in the undersampled dataset preserves the center of k-space more than the edges.

Figure 4: Pulse sequence diagram of the b-SSFP 
sequence used here.
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