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Multimodality Imaging

PET-MR

Multimodality Imaging
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Edge alignment

Basic idea for regularizations: edges are aligned, i.e. mainly at the same locations
and normal vectors are parallel

Normal vectors to level sets can be written in terms of image gradients as

Incorporate edge alignment into regularization terms

Given prior image v construct gradient based priors for unknown u

Paradigm: only use gradient information, no explicit segmentation of the image v 
(costly, difficult to reproduce, not possible on the fly if joint reconstruction in u and v is
desired
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Joint total variation (Haber 2013)

Advantage: convex in u and v, well-understood properties of total variation

Disadvantage: : favours equal magnitude of gradients

Weighted total variation

Advantage: easy to compute, no correlation of magnitude, convex in u

Disadvantage: no correlation of gradient direction, difficult to define rigorously
(Relaxation Holler et al 2017)
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Directional total variation

Advantage: convex in u, reasonably easy to compute (Holler et al 2017, Klages 
2018), no correlation of magnitude

Disadvantage: difficult to analyze, needs some smoothing, no definition for u, v of
bounded variation (Holler et al 2017)

Parallel level sets (Ehrhardt-Arridge et al 2014-2018)

Advantage: convex in u at least in the linear case, no correlation of magnitude

Disadvantage: difficult to analyze, nonconvexity for joint reconstruction
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Total variation Bregman distances (Moeller et al 2014)

Advantage: convex in u, easy to, no correlation of magnitude, rigorous definition
with subgradients

Disadvantage: depends on size of the jump, penalizes opposite directions

Formally
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Subgradient interpretation opens rigorous definition and generalization to other
systems based on absolutely homogeneous convex regularizers (e.g. shearlets) 

Known techniques (Bregman iterations / ADMM) open the way to unbiased methods
and joint reconstruction

Bregman iteration with data fidelity H
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Coupled Bregman iteration for joint reconstruction (Moeller et al 2014)

Efficient computation, appropriate choice of weights

Convergence analysis: converges to solutions with joint subgradients in the noise-
free case, iterative regularization
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Coupled Bregman Iterations
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Coupled Bregman Iterations
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Holotomography
Phase-Guided

Regularization

Fresnel Nr = 0.04
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Holotomography
Spider Hair

Liu-Hagemann-mb
2026 (almost finished)

Phase, rendered Absorption, rendered

Phase

Absorption
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Opposite edges
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PET-MR 
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PET-MR 
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PET-MR 
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PET-MR 
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PET-MR Measures: SSIM  
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PET-MR

Weights
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Dynamic MR / fMRI
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Dynamic MR / fMRI

Anatomical scan is a prior for other images
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Dynamic MR / fMRI
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Dynamic MR / fMRI

Pixelwise activation curves over time
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Bregman distances
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Infimal convolution
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Joint Edge Property

Theorem (Moeller et al 2014)
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Joint reconstruction model for two images


