
• In an unseen test subject, the CNN generates a field map to similar to the ground 
truth map from a two-echo scan. Mean absolute error in the brain was 13.6 Hz. 
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Off-resonance (B0) artifacts
• Off-resonance (B0 field inhomogeneity) leads to a 

breakdown in Fourier-based image encoding
• Causes geometric distortions, signal dropout, and 

blurring in non-Cartesian scans 

MRI Acquisition
• 2D 4-shot spiral-out images on a 3T scanner
• 70 slices, volume FOV=240×240×140mm3, resolution=1.9×1.9×2.0mm3

• FA = 10°, TR = 22ms, Treadout=15.1ms
• Data acquired at two echo times for each slice, TE1 / TE2 = 2.6/5.1ms

→ ΔTE = 2.5ms, field map calculated with 400 Hz bandwidth

Deep learning field map estimation 
• 8-layer convolutional neural network (CNN), based on Off-Res Net [4]
• 5 x 5 convolutional filters, 3 residual connections, MAE loss function, Adam optimizer

• Training data: 43 slices from 1 subject 
w/40 volume TRs

• 1462/258 image & field map pairs 
for training/validation

• Data augmentation across TRs: 
(1) FOV rotated throughout the 
scan using MRI system gradients, 
(2) subject asked to move slowly

B0 correction methods
• Conventional approach: single B0 map calculated using two different TE images
• Dynamic B0 correction using only a single-echo image would be helpful in (1) cases 

of large motion, and (2) scans highly sensitive to frequency, e.g. OSSI [1]
• Prior works on single echo B0 correction have used an entropy metric [2], a 

piecewise linear estimate [3], or a convolutional neural network (CNN) [4]

Our Approach
• Here, we use a CNN to rapidly estimate a B0 field map, and then reconstruct the final 

image using model-based image recon (MBIR), avoiding potential CNN artifacts

Model-based image reconstruction
• Michigan Image Reconstruction Toolbox (MIRT) [5] performs a model-based image 

reconstruction using the CNN field map to mitigate off-resonance artifacts
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during the  scan, and (3) random constant phase added to each image
• Test data: unseen subject with same scan acquisition parameters

Reconstructing the test image with the field maps above shows:
• Distortion correction of the frontal cortex (red arrows)
• Deblurring of the ventricles (blue arrows)

• Here we demonstrated B0 artifact correction using a CNN generated field 
map that requires only a single echo time image as input

• Final image from a model-based image recon, avoiding potential ML artifacts

• Key application of CNN generating field map: dynamic B0 estimation of fMRI 
images [6], especially in moving subjects, where the field map can change as a 
subject breathes and moves through the FOV

• Future work:
• Additional training with higher number of subjects
• Longer echo time data suitable to fMRI BOLD contrast
• Apply to Oscillating Steady State Imaging (OSSI) fMRI [1]
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