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MoDL in MRI Reconstruction

 Lack of  Robustness in MoDL

 Randomized Smoothing (RS)

 SMUG Framework

 SMUG Training

 Experiment Results

 Execute two steps iteratively [1]:
(i) Denoising step
(ii) Data-consistency step

 Adversarial input
 Change of measurement sampling rate
 Change of number of unrolling steps

Q1: Where should the RS operator be integrated into MoDL?
Q2: How to design the denoiser in the presence of RS?

 SMUGv0: RS is incorporated into MoDL at each unrolling step

 RS-E2E [2]: Integrating RS with MoDL in an end-to-end manner

MoDL 25% sampling With adversarial input 50% sampling 2× unrolling steps

 SMUG: RS only applies to the denoising network

 Pre-training
 The denoiser is pre-trained alone to provide a robustness-aware initialization for fine-tuning

 Fine-tuning
 Unrolled Stability (UStab) loss

 Fine-tuning loss

Ground Truth Vanilla MoDL RS-E2E SMUG
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Table 1: Accuracy performance of different methods. ‘Clean Accuracy’,
‘Noise Accuracy’, and ‘Robust Accuracy’ refer to evaluation on benign data,
random noise-injected data, and PGD attack-enabled adversarial data,
respectively. The relative performance is reported w.r.t vanilla MoDL.

Fig. 5: Visualization of ground-truth and reconstructed images using
different methods, evaluated on PGD attack-generated adversarial inputs.

Fig. 6 & 7: PSNR of different methods versus perturbation strength used
in PGD-generated adversarial examples (up), measurement sampling rate
(4× acceleration i.e. 25% sampling rate) (middle), and number of unrolling
step (down).
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