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Motivation
Deep Learning has come far…

But do we know what Nets learn?

Some expert applications 

are well known like CT

Reconstruction (1917)

Can we use this expertise to efficiently train networks?



Structure

Embedding of Operators Part II

1. What are „Variational Networks“?

2. From variational methods to networks (Example)

1. Concept of Residual Networks

3. Examples

Roth, V., Vetter, T., Kobler, E., Klatzer, T., Hammernik, K., and Pock, T., eds., Variational Networks: 

Connecting Variational Methods and Deep Learning: Pattern Recognition: Springer International Publishing



Variational Methods
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“VNs are fully learned models based on the framework of incremental 

proximal gradient methods.” [1]

C: Nr. Components

x ∈ Rn data e.g. images
𝜂: learning rate

c(t) = mod(C, t)

data constraints



Variational Networks
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Variational Networks
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Variational 

(iterative) methods:

online optimization

Deep Learning:

Learn underlying 

information offline



Variational Networks vs. Residual Networks
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Suppose we have many VUs



Example: “Learning Networks for deblurring and denoising “
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problem specific

Fields of Experts Higher order statistics



Example: “Learning Networks for deblurring and denoising “
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=
A : known blur kernel

A : identity for denoising



Results: “Learning a Variational Network for 

Reconstruction of Accelerated MRI Data“
- BDS500 dataset (actually for detection and segmentation)

- deblurring and non blind denoising

- Set up different VNs (number of components, convex / non-convex)
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We are able to compare nets to iterative methods now!!!



Logo
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Outlook: “Learning a variational network for 

reconstruction of accelerated MRI data”
Compressed Sensing:

- Sparse representation in transform (wavelets)

- Undersample randomly

- Also used FoE
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