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Noise, why I care?
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Cool, how can I remove noise?
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Fitting Data Regularization 

for implementation details see: https://nbviewer.org/github/gpeyre/numerical-tours/blob/master/matlab/denoisingsimp_4_denoiseregul.ipynb



Aubert, G. & Kornprobst, P. Mathematical Problems in Image Processing Partial Differential Equations and the Calculus of Variations. (2006). doi:10.2307/3615195. 

https://doi.org/10.2307/3615195
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Problem, it 
blurs 
uniformly and 
destroy edges 
and image 
contrast



Solution: Non-linear Diffusion or Non-local Means



Heat equation

E[u] = ∫ |∇u |2 → ut = Δu

Anisotropic Diffusion

Original







Other good thing about denoising: 
Comes with multi-scale analysis for free



Milanfar, P. & Delbracio, M. Denoising: A Powerful Building-Block for Imaging, Inverse Problems, and Machine Learning. Preprint at http://arxiv.org/abs/2409.06219 (2024). 

http://arxiv.org/abs/2409.06219


Milanfar, P. & Delbracio, M. Denoising: A Powerful Building-Block for Imaging, Inverse Problems, and Machine Learning. Preprint at http://arxiv.org/abs/2409.06219 (2024). 

http://arxiv.org/abs/2409.06219


Give me my money back; I was 
promised AI



̂x = argminx − log p(y |x) − log p(x)

f(x) = ∥x − y∥2
2 + R(x)

Fitting Data Regularization 

̂x = argminx f(x) =

̂x = argmaxxP(x |y) →

P(x |y) =
P(y |x)P(x)

P(y)
→ argmax P(x |y) = argmax P(y |x)P(x)

Recall, Bayes Theorem:

P(y |x) = P(n) =
1

σ 2π
e− 1

2
n2
σ2 =

1

σ 2π
e− 1

2
(x − y)2

σ2 → − log(P(y |x)) = C(x − y)2
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Fitting Data Regularization 



Image credit: Jeremi Sulam 
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Fitting Data Regularization 



https://www.carmin.tv/en/collections/a-multiscale-tour-of-harmonic-analysis-and-machine-learning-to-celebrate-stephane-mallats-60th-birth/video/photographic-image-priors-in-the-era-
of-machine-learning



This is a high dimensional 
space, e.g., image 1000x1000 

 leaves in a 10^6 dimensional 
space

https://www.carmin.tv/en/collections/a-multiscale-tour-of-harmonic-analysis-and-machine-learning-to-celebrate-stephane-mallats-60th-birth/video/photographic-image-priors-in-the-era-
of-machine-learning 
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This thing has an implicit prior p(x), how we pull it out?
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For example, minimizing the denoising MSE over a large training set of example signals and their noise-corrupted counterparts



Kadkhodaie, Zahra, and Eero Simoncelli. "Stochastic solutions for linear inverse problems using the prior implicit in a denoiser." Advances in Neural Information Processing Systems 34 (2021): 
13242-13254.
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Reminder: comment on connections and differences with classical diffusion processes 
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Now, we can use this to solve 
inverse problems
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Related ongoing work  
very cool papers for future seminar 

sessions ; ) 





Blue:  Cosine similarity between samples generated from two (independently 
trained denoisers). Same initial point.  
Orange: Cosine similarity between the generated sample and the closest samples 
in the training set. 
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Yuzhou, Di Martino, Sapiro. “Closing the Gap Between Point Cloud and Image Representations to Leverage Denoiser Implicit Priors.” 
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Muchas gracias


