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Notes regarding the COVID-19 pandemic

• The Kick-off workshop is organized with both online and in-person participation. The first day of
the workshop, Wednesday 6.10.2021, will take place entirely online. The next two days will take
place on-site, with most speakers physically present unless stated otherwise in the program.

• In order to meet the protection measures, limited numbers of seats (at most 80) will be available
at the venue.

• Standard full vaccination or negative test certificates will be required for in-person participation.



Program

Wednesday, October 6 (online)

13:50 - 14:00 Chair and opening words: Michael Hintermüller

14:00 - 14:45 Daniel Cremers Self-supervised Learning for 3D Shape Analysis

14:45 - 15:30 Christoph Schnörr Assignment Flows: A Real-World Case Study and
Connections to Deep Networks

15:30 - 16:00 Coffee break

Chair: Hans-Christian Hege

16:00 - 16:45 Daniel Rückert AI and the Future of Radiology

Software & Practice I

16:45 - 17:15 Bernhard Preim Virtual Reality in Medicine

17:15 - 17:45 Nina Miolane Geomstats: a Python Package for Riemannian Geometry in
Machine Learning and Imaging

Thursday, October 7 (in-person)

Chair: Tobias Schäffter & Kostas Papafitsoros

09:00 - 09:45 Simon Arridge Imaging from Acoustic and Optical Coupled Physics (online)

09:45 - 11:15 Poster short talks → see the last page of this booklet

11:15 - 11:45 Coffee break

11:45 - 12:30 Peter Maass Regularization by Architecture for Learning with Few Data

12:30 - 14:00 Lunch break

Software & Practice II Chair: Hans-Christian Hege & Christoph Kolbitsch

14:00 - 14:30 Daniel Potts High Dimensional Approximation based on Fast Fourier
Methods

14:30 - 15:00 Johannes Schindelin Open Source in Science: Challenges and Opportunities

15:00 - 15:30 Coffee break

Real-world applications Chair: Tobias Schäffter & Christoph von Tycowicz

15:30 - 15:50 Tobias Preusser Medical Image Computing with Data Uncertainty

15:50 - 16:10 Katja Schladitz Cracks in Concrete

16:10 - 16:30 Tanja Teuber Innovative Solutions for Imaging Challenges @ ZEISS

16:30 - 16:50 Mariya Doneva Mathematical Models for Magnetic Resonance Imaging
Reconstruction

16:50 - 17:00 Coffee break

17:00 - 18:00 Panel discussion “Public Software and Rewarding in Science” and “Career
Pathways”. Panelists: Doneva, Potts, Preusser, Schindelin,
Schladitz, Teuber.
Moderators: T. Schäffter, C. von Tycowicz

18:00 - 19:00 Reception



Friday, October 8 (in-person)

Chair: Robert Beinert & Christoph Kolbitsch

09:00 - 09:45 Kerstin Hammernik Physics-based Learning for MRI Reconstruction - Recent
Advances in Static and Dynamic Imaging

09:45 - 10:30 Martin Uecker The Mathematics of Magnetic Resonance Imaging

10:30 - 11:00 Coffee break

Chair: Gabriele Steidl & Guozhi Dong

11:00 - 11:45 Raymond Chan Reconstruction of the High Resolution Phase in a Closed
Loop Adaptive Optics System (online)

11:45 - 12:00 Closing remarks



List of abstracts

Daniel Cremers (TU Munich)
Self-supervised Learning for 3D Shape Analysis

While neural networks have swept the field of computer vision and are replacing classical methods in
many areas of image analysis and beyond, extending their power to the domain of 3D shape analysis
remains an important open challenge. In my presentation, I will focus on the problems of shape
matching, correspondence estimation and shape interpolation and develop suitable deep learning
approaches to tackle these challenges. In particular, I will focus on the difficult problem of computing
correspondence and interpolation for pairs of shapes from different classes – say a human and a horse
– where traditional isometry assumptions no longer hold.

Christoph Schnörr (University of Heidelberg)
Assignment Flows: A Real-World Case Study and Connections to Deep Networks

In the first part of the talk, the assignment flow approach is introduced by means of a real-world
application: labeling 3D OCT data of the human retina. The approach achieves state-of-the-art
performance on benchmark data sets. The second part of the talk focuses on the underlying
mathematics and steps towards deep assignment flows with statistical guarantees.
Joint work with Bastian Boll and Dmitrji Sitenko

Bernhard Preim (University of Magdeburg)
Virtual Reality in Medicine

With the advent of affordable VR headsets and the improved quality of these devices, many
applications become feasible. In medicine, VR-based training in anatomy, surgery and interventional
radiology as well as VR-based therapy of anxieties and pain are essential examples. The high
immersion of users and the strong motivation associated with being embedded in carefully designed
virtual worlds, makes the use of VR promising for education and treatment. In this talk, I describe
such applications with a focus on generalizable aspects, such as selection, manipulation and navigation
in virtual worlds.

Daniel Rückert (TU Munich)
AI and the Future of Radiology

Artificial Intelligence (AI) is changing many fields across science and across our society. In this
talk, we will discuss how AI is and will change medicine and healthcare, in particular in the
field of radiology. In particular, I will focus on how AI can support the early detection of dis-
eases in medical imaging as well as help with improved diagnosis and personalised therapies. I
will also describe how deep learning can be used for the reconstruction of medical images from
undersampled data, image super-resolution, image segmentation and image classification in the
context of cardiac, fetal and neuroimaging. Furthermore, we will discuss how AI solutions can
be privacy-preserving while also providing trustworthy and explainable solutions for clinicians. Fi-
nally, I will discuss future developments and challenges for AI in radiology and medicine more generally.



Nina Miolane (UC Santa Barbara)
Geomstats: a Python Package for Riemannian Geometry in Machine Learning and Imaging

We introduce Geomstats, an open-source Python package for computations and statistics on nonlinear
manifolds that appear in machine learning and computer vision applications, such as: hyperbolic
spaces, spaces of symmetric positive definite matrices, Lie groups of transformations, and many
more. We provide object-oriented and extensively unit-tested implementations. Manifolds come
equipped with families of Riemannian metrics with associated exponential and logarithmic maps,
geodesics, and parallel transport. Statistics and learning algorithms provide methods for estimation,
clustering, and dimension reduction on manifolds. All associated operations provide support for
different execution backends—namely NumPy, Autograd, PyTorch, and TensorFlow. This talk
presents the package, compares it with related libraries, and provides relevant code examples. We
show that Geomstats provides reliable building blocks to both foster research in differential geometry
and statistics and democratize the use of Riemannian geometry in machine learning applications.
The source code is freely available under the MIT license at https://github.com/geomstats/geomstats.

Simon Arridge (University College London)
Imaging from Acoustic and Optical Coupled Physics

Several different techniques exist for indirectly recovering the optical absorption and/or scattering
coefficients of biological objects, and from there to inferring concentrations of chromophores of
interest, from observations of transmitted and reflected light at multiple wavelengths. Acoustic waves
also have a long tradition in imaging with both qualitative and quantitative interpretations. These
concepts are combined in Coupled Physics Imaging methods such as photo-acoustic tomography
(PAT) and Ultra-Sound Modulated Optical Tomography (UMOT). In this talk I will discuss some of
the inverse problems associated with these modalities and present some methods for their solution.
Joint Work with P. Beard, M. Betcke, B. Cox, A. Hauptman, N. Huynh, F. Lucka, A. Pulkkinen, T.
Tarvainen, J. Tick.

Peter Maass (University of Bremen)
Regularization by Architecture for Learning with Few Data

We start with a basic introduction on deep learning approaches to inverse problems. We then focus
on the learned ISTA concept and describe it as a method for learning a data dependent optimized
Tikhonov functional. The main part of the talk is on learning with few data. In particular we
investigate deep prior networks for solving inverse problems. Using the LISTA architecture in a deep
prior network allows to proof equivalences to classical regularization schemes. On the experimental
side we focus on low dose CT reconstructions. We present a standardized data set and perform a
numerical comparison of different deep learning concepts. The comparison is in terms of accuracy
but also in terms of the amount of test data needed for training. We close the talk with an overview
of our plan for future research (DL for parametric PDEs, magnetic particle imaging)
Joint work with Johannes Leuschner, Maximilian Schmidt, Sören Dittmer, Daniel Otero Baguer.



Daniel Potts (TU Chemnitz)
High Dimensional Approximation based on Fast Fourier Methods

In this talk, we present software packages for the high dimensional approximation. We consider
fast Fourier based methods for the approximation of multivariate functions. Our aim is to learn the
support of the Fourier coefficients in the frequency domain, where only function values of scattered
data available. Based on the fast Fourier transform for nonequispaced data (NFFT) we will use the
ANOVA (analysis of variance) decomposition in combination with the sensitivity analysis in order to
obtain interpretable results. We will couple truncated ANOVA decompositions with the NFFT and
compare the new method to other approaches on publicly available benchmark datasets.
This talk based on joint work with Michael Schmischke.

Tobias Preusser (Fraunhofer MEVIS)
Medical Image Computing with Data Uncertainty

Computer vision and image processing as well as biophysical modeling and simulation play an
important role in today’s and future digital medicine. As part of the scientific culture it has become
good scientific practice in the natural sciences to equip measurements with error estimates, and
to consider error propagation for further downstream steps of data analysis or modeling. For
medical image computing this means taking uncertainties in image gray values and biophysical tissue
parameters into account in the design, implementation and quality assurance of tools for use in
the clinical routine. The talk presents some real world examples for medical image computing and
computer vision with data uncertainty.

Johannes Schindelin (Microsoft, Git)
Open Source in Science: Challenges and Opportunities

Sharing knowledge is an inherent part of science as well as of Open Source software. This
common trait should make Open Source and science a natural match, yet scientists developing
their methods as Open Source software regularly face obstacles. In my talk, I will offer experi-
ences and takeaways from my unique perspective as a maintainer of widely used Open Source software.

Katja Schladitz (Fraunhofer ITWM)
Cracks in Concrete

The analysis of crack structures and their development in concrete as well as of post-crack behavior
helps to understand this widely used material better and thus enables tighter dimensioning and
improved compositions. Computed tomography generates 3D image data for this task. The
microstructure of normal concrete is very heterogeneous, samples thus have to be large. Segmenting
the thin 2D crack structures in large 3D images is challenging, as background components like
pores feature the same low gray values. We developed algorithmic solutions and compared them
to previously suggested ones. Quantitative comparison was possible thanks to semi-synthetic crack
images. The latter can be used for training machine learning algorithms, too. They perform best,
closely followed by a region growing seeded by the voxels located in dark lamellar regions according
to the respective Frangi index.



Tanja Teuber (Carl Zeiss AG)
Innovative Solutions for Imaging Challenges @ ZEISS

ZEISS is an internationally leading technology company in the fields of optics. The imaging challenges
at ZEISS are as diverse as its product portfolio. This includes light, electron or X-ray microscopes,
industrial quality control solutions as well as medical products like e.g. fundus or OCT imaging
devices. In the consumer markets, ZEISS offers innovative imaging solutions for optometrists as well
as e.g. the newly launched digital camera ZX1 to name only a few. To provide cutting edge imaging
solutions in all these customer segments, algorithmic innovations play a crucial part. In this talk, I
will showcase some of the imaging challenges at ZEISS and how these have been addressed to create
innovative imaging solutions to the benefit of our customers.

Mariya Doneva (Philips Forschung Hamburg)
Mathematical Models for Magnetic Resonance Imaging Reconstruction

In many textbooks, magnetic resonance image reconstruction is summarized by a single sentence,
sounding roughly like this: “The image is obtained by performing a 2D Fourier transform of the
measured data”. Probably this is also the reason why typically several chapters of the same books
will be spent on discussing image artifacts. While the Fourier model is simple and elegant, it is
largely incomplete and accurate description of the MR data acquisition requires an extended signal
model incorporating the related MR physics. Additionally, the inherently slow data acquisition
process calls for advanced computational methods for image reconstruction from undersampled data.
These methods include certain assumptions about image properties, which need to be integrated in
the mathematical formulation of the MR reconstruction problem. Many of these techniques have
been developed in the last two decades and have contributed significantly to improving the scan
efficiency and quality of MR images. This talk will give an overview of the various models beyond
the conventional Fourier approach that enable image reconstruction with reduced acquisition time
and/or improve image quality. It also highlights the underlying signal processing problems associated
with MRI reconstruction, which provide research opportunities in this important area that can help
maximize the potential of MRI for clinical applications.

Kerstin Hammernik (TU Munich)
Physics-based Learning for MRI Reconstruction - Recent Advances in Static and Dynamic
Imaging

During the past years, deep learning has evolved tremendously in the research field of MR image
reconstruction. In this talk, I will guide you through these developments, ranging from learning
advanced image regularization to learning physics-based unrolled optimization, and I will discuss
challenges and caveats of deep learning for image reconstruction. I will cover examples ranging from
2D musculoskeletal imaging to higher-dimensional cardiac imaging that will show the vast potential
for the future of fast MR image acquisition and reconstruction.



Martin Uecker (University Medical Center Göttingen)
The Mathematics of Magnetic Resonance Imaging

Magnetic Resonance Imaging (MRI) is a non-invasive medical imaging technique based on the
quantum mechanical effect of nuclear magnetic resonance (NMR) with many fascinating applications
in radiology and biomedical research. In a MRI scanner, advanced concepts from spectroscopy,
mathematics, and computing are combined into a fully computer-controlled universal sensing device.
As such, MRI offers near endless possibilities to acquire spatially resolved maps of many physical and
physiological quantities from inside the human body. This talk will explain the basic concepts of MRI,
describe into the underlying mathematical concepts, and show how novel ideas from mathematics
and computer sciences continue to push the boundaries of this computational imaging technique.

Raymond Chan (City University of Hong Kong)
Reconstruction of the High Resolution Phase in a Closed Loop Adaptive Optics System

Adaptive optics is a commonly used technique to correct the phase distortions caused by the Earth’s
atmosphere to improve the image quality for the ground-based imaging systems. However, the observed
images still suffer from the blur caused by the adaptive optics residual wavefront. We propose a model
for reconstructing the residual phase in high-resolution from a sequence of low-resolution deformable
mirror data. Our model is based on the turbulence statistics and the Taylor frozen flow hypothesis. A
tomography problem for the phase distortions from different altitudes is set up to get a high-quality
phase reconstruction without assuming prior information of the wind velocities. The associated joint
optimization problem is solved by an alternating minimization method. Numerical simulations are
carried out to show the effectiveness of our approach.
Joint work with Rihuan Ke (University of Cambridge), Roland Wagner, and Ronny Ramlau (RICAM).



List of Posters

All poster presenters will make a short oral presentation of their poster at the second day of the
conference, Thursday, October 7, 09:45-11:45. The first 8 posters below will also be displayed at the
venue in a printed form.

09:45 - 09:53
Uncertainty Quantification in CINE MRI Using Spatio-temporal Networks
Sherine Brahma (Physikalisch-Technische Bundesanstalt) - Printed poster on site

09:53 - 10:01
Two polynomial proxies for estimating arbitrary measures on the multivariate torus
Paul Catala (Universität Osnabrück) - Printed poster on site

10:01 - 10:09
Physics-based Assimilation of Displacements Data from Magnetic Resonance Elastography
Felipe Galarce (Weierstrass Institute for Applied Analysis and Stochastics) - Printed poster on site

10:09 - 10:17
Pixel-driven Projection Methods: Convergence and Numerics
Richard Huber (University of Graz) - Printed poster on site

10:17 - 10:25
An End-To-End Trainable Neural Network for Accelerated non-Cartesian Cardiac Cine MRI
Andreas Kofler (Physikalisch-Technische Bundesanstalt) - Printed poster on site

10:25 - 10:33
Quantitative MRI with Uncertainty Estimation using Deep Neural Networks
Patrick Schuenke (Physikalisch-Technische Bundesanstalt) - Printed poster on site

10:33 - 10:41
Removing the Influence of Wind-Park-Echoes in Weather-Radar-Measurements
Uwe Köster (Hochschule Neubrandenburg) - Printed poster on site

10:41 - 10:49
Two-Level Method for Blind Image Deblurring Problem
Shahbaz Ahmad (King Fahd University of Petroleum and Minerals, Saudi Arabia) - Online only

10:49 - 10:57
Computational Methods to Achieve Real-Time Whole Brain Imaging in Behaving Animals
Madhu Nagathihalli Kantharaju (Max Delbrück Center, Berlin) - Online only


