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Permanent magnet MR imagers

✓Low cost

✓Portable

✓Safe for point-of-
care and 
classroom use
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－Inhomogeneous 
compared to 
clinical scanners

－Gradient non-
linearity across FOV
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Mechanically-generated gradients



“Spokes-and-Hub” 
magnet arrays
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Optimized B0 using a calibrated equivalent-charge-based simulation 
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Simulated magnetic fields patterns 
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[6] Kuang et al., Equivalent-Charge-Based Optimization of Spokes-and-Hub Magnets for Hand-Held and Classroom MR Imaging. Int. Soc. Magn. Res. Med., 2019.

29.4 mT/m

0.25°0.185mm



Field map measurements  
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Teensy 4.0

ALS31300 3D Linear Hall Effect Sensor (12-bit ADC)

Sensor range: ±2000 Gauss, Sensitivity: 1 LSB/Gauss

Sensitivity error: ±0.6%, Offset error: ±12 LSB

RMS noise: 1 LSB

Optimized 8 mm 

imaging FOV



Tilted-gradient experiment setup 
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8mm

(8x8x8mm FOV)

0.185mm

Sampling bandwidth, BW=125MHz; Readout points, ns=12875

TE=0.4ms (to reduce impact of T2*)



Tilted-gradient experiment results
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8mm

Two-tube phantom,

Horizontal to gradient

8mm
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Two-tube phantom,

Vertical to gradient

*20x larger tilt angles used for visibility purposes

3° tilt for 62.5 mT/m gradient No tilt

Sampling bandwidth, BW=125MHz 

Readout points, ns=12875
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