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Plenary talks

Source Extensions for Inverse Problems in Wave Propagation
Speaker:

William W. Symes, Rice University

Scheduled: Monday, May 29 9:00–9:50 at TBA
Details:
Abstract:

Plenary talk
Data fitting by least squares or other error minimization is a well-established tool for
the solution of inverse problems in science and engineering. Least squares optimization
has recently become possible for seismic data analysis, due to advances in algorithm
design and computer hardware speed, and has recorded a number of spectacular successes. Every major oil company has assembled research teams to study full waveform
inversion, as least-squares has come to be called in exploration seismology, and several
large seismic contractors offer full waveform inversion services. However, least squares
applied to wave inverse problems such as seismology faces a fundamental mathematical
obstacle: the objective function is non-convex in any region of model space larger than
a wavelength in diameter, roughly speaking. In fact, it is widely believed that the
objective has many local minima unrelated to any physically meaningful model estimate, and the evident stagnation of iterative optimization algorithms in many examples
masks the potential benefits of the technique.
I will explain the non-convexity of the least-squares objective in the context of the
crosswell seismic tomography problem. The mechanism is the orthogonalization of
predicted data via small changes in the wave velocity field (the target of the inverse
problem), resulting in poor data fit. The prediction operator depends on the velocity
field and other physical parameter fields, and also on a model of the seismic energy
source, which is subject to a number of important constraints: for example, the same
energy source gives rise to all of the time series recorded in a single seismic experiment. Relaxation of these constraint, for example by permitting each time series to be
explained by its own energy source model, permits adjustment of the (non-physical)
energy source models to fit all of the data, regardless of the wave velocity and other
fields, and thus avoids the large data misfits associated with non-convexity of the least
squares objective. Imposition of the physical constraints on these extended energy
source models via appropriate penalty terms gives rise to a number of objective functions having much larger domains of convexity than least squares. I will show several
examples of such extended source inversion. In some cases, a close relation can be
established between the extended source penalty objective and some version of the
kinematic (traveltime) inverse problem, which is known to have much better convexity
properties than least-squares waveform inversion.
The work reported in this talk is the result of collaboration with Guanghui Huang.
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Plenary talks

Image Restoration and Beyond
Speaker:

Zuowei Shen, National University of Singapore

Scheduled: Monday, May 29 9:40–10:40 at Room TBA
Details:
Abstract:

Plenary talk
We are living in the era of big data. The discovery, interpretation and usage of the
information, knowledge and resources hidden in all sorts of data to benefit human
beings and to improve everyone’s day to day life is a challenge to all of us. The huge
amount of data we collect nowadays is so complicated, and yet what we expect from
it is so much. This provides many challenges and opportunities to many fields. As
images are one of the most useful and commonly used types of data, in this talk, we
review the development of the wavelet frame (or more general redundant system) based
approach for image restoration from a data-driven perspective. We will observe that
a good system for approximating any function, including images, should be capable
of effectively capturing both global patterns and local features of the function. A
wavelet frame is one of the examples of such system. We will show how algorithms
of wavelet frame based image restoration are developed via the generic knowledge of
images. Then, we will show how specific information of a given image can be used to
further improve the models and algorithms. Through this process, we shall reveal some
insights and understandings of the wavelet frame based approach for image restoration.
We will also show that ideas given here can go beyond image restoration.
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Plenary talks

Inverse Problems in Adaptive Optics
Speaker:

Ronny Ramlau, Johannes Kepler University Linz

Scheduled: Monday, May 29 11:10–12:00 at Room TBA
Details:
Abstract:

Plenary talk
Currently there is a new generation of large astronomical telescopes under construction, e.g. the European Extremely Large Telescope (E-ELT) of the European Southern
Observatory (ESO) with a mirror diameter of 39 meters or the Thirty Meter Telescope (TMT), build by a consortium headed by Caltech. The operation of those huge
telescopes require new mathematical methods in particular for the Adaptive Optics
systems of the telescopes. The image quality of ground based astronomical telescopes
suffers from turbulences in the atmosphere. Adaptive Optics (AO) systems use wavefront sensor measurements of incoming light from guide stars to determine an optimal
shape of deformable mirrors (DM) such that the image of the scientific object is corrected after reflection on the DM(s). The solution of this task involves several inverse
problems: First, the incoming wavefronts have to be reconstructed from wavefront
sensor measurements. The next step involves the solution of the Atmospheric Tomography problem, i.e., the reconstruction of the turbulence profile in the atmosphere.
Finally, the optimal shape of the mirrors has to be determined. As the atmosphere
changes frequently, these computations have to be done in real time. In the talk we
introduce mathematical models for the elements of different Adaptive Optics system
such as Single Conjugate Adaptive Optics (SCAO) or Multi Conjugate Adaptive Optics (MCAO). In particular, we consider the reconstruction of the incoming wavefront
from Shack-Hartmann and Pyramid sensor data and present different reconstruction
approaches for the atmospheric tomography problem. The numerical results for each
of the sub-tasks confirm that the methods achieve the accuracy and speed required for
the operation on ELTs. Finally we will present first results for the reconstruction of the
point spread function of the telescope based on Adaptive Optics data and the related
deblurring of astronomical images.
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Plenary talks

Unsupervised Learning and Inverse Problems with Deep Neural Networks
Speaker:

Stephane Mallat, École polytechnique

Scheduled: Tuesday, May 30 9:00–9:50 at Room TBA
Details:
Abstract:

Plenary talk
Deep neural networks are opening new research avenues to define stochastic models
with complex geometric structures and to solve inverse problems. We shall review deep
neural network properties and scattering networks obtained with wavelet filters. These
networks output multiscale invariants and linearize complex non-linear operators. They
can specify non-Gaussian random processes with flexible geometric structures. Applications are shown on image and audio textures, on Ising processes and turbulent vorticity
fields. We shall explain how such models are applied to inverse problems with linear
predictions over deep network coefficients. Applications to super-resolution imaging
will be shown.

Boundary Rigidity and the Local Inverse Problem for the Geodesic X-ray
Transform on Tensors
Speaker:

András Vasy, Stanford University

Scheduled: Tuesday, May 30 09:50–10:40 at Room TBA
Details:
Abstract:

Plenary talk
In this talk, based on joint work with Plamen Stefanov and Gunther Uhlmann, I discuss
the geodesic X-ray transform on a Riemannian manifold with boundary. The geodesic
X-ray transform on functions associates to a function its integral along geodesic curves,
so for instance in domains in Euclidean space along straight lines. The X-ray transform
on symmetric tensors is similar, but one integrates the tensor contracted with the
tangent vector of the geodesics. I will explain how, under a convexity assumption on the
boundary, one can invert the local geodesic X-ray transform on functions, i.e. determine
the function from its X-ray transform, in a stable manner. I will also explain how the
analogous result can be achieved on one forms and 2-tensors up to the natural obstacle,
namely potential tensors (forms which are differentials of functions vanishing at the
boundary, respectively tensors which are symmetric gradients of one-forms vanishing
at the boundary).
Here the local transform means that one would like to recover a function (or tensor) in
a suitable neighborhood of a point on the boundary of the manifold given its integral
along geodesic segments that stay in this neighborhood (i.e. with both endpoints on
the boundary of the manifold). Our method relies on microlocal analysis, in a form
that was introduced by Melrose.
I will then also explain how, under the assumption of the existence of a strictly convex
family of hypersurfaces foliating the manifold, this gives immediately the solution of
the global inverse problem by a stable ‘layer stripping’ type construction. Finally, I
will discuss the relationship with, and implications for, the boundary rigidity problem,
i.e. determining a Riemannian metric from the restriction of its distance function to
the boundary.
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Plenary talks

Sparse X-ray Tomography
Speaker:

Samuli Siltanen, University of Helsinki

Scheduled: Tuesday, May 30 11:10–12:00 at Room TBA
Details:
Abstract:

Plenary talk
X-ray tomography is a useful method for imaging the inner structure of a patient. The
data is collected by recording many X-ray projection images of the patient, each with
a different direction of view. After simple preprocessing of the data, the imaging task
can be interpreted as reconstructing a non-negative X-ray attenuation function from
its integrals along a collection of lines. This is a classical example of an ill-posed inverse
problem.
Johann Radon’s seminal 1917 article and the pioneering work by Allan Cormack and
Godfrey Hounsfield are the foundations of the highly successful Computerized Tomography (CT) imaging technology. The latest CT machines are highly advanced. They
are used on a daily basis in hospitals around the world, and the mathematics used in the
reconstruction is well-developed, delivering accurate images at high spatial resolution.
Currently there is a growing interest in tomographic imaging based on sparsely collected
data. The reasons for this include the need to reduce the radiation dose by taking fewer
X-ray images, mechanical limitations in the positions of the measurement device, and
the desire to image moving targets such as the flow of contrast agent in the patient’s
bloodstream. In these cases the ill-posedness of the reconstruction problem is more
severe than in classical CT, and novel regularization techniques are called for.
Discussed are sparsity-promoting variational regularization methods and novel dynamic
inversion approaches. Practical applications shown include a commercial dental lowdose X-ray imaging product and a shearlet-sparsity method for accelerating microtomographic bone quality analysis.

Uncertainty Quantification in the Classification of High Dimensional Data
Speaker:

Andrew M. Stuart, California Institute of Technology

Scheduled: Wednesday, May 31 9:00–09:50 at Room TBA
Details:
Abstract:

Plenary talk
We provide a unified framework for graph based semi-supervised learning which brings
together a variety of methods which have been introduced in different communities
within the mathematical sciences; the unification is through an inverse problems formulation. We study probit classification, generalize the level-set method for Bayesian
inverse problems to the classification setting, and generalize the Ginzburg-Landau
optimization-based classifier to a Bayesian setting; we also show that the probit and
level set approaches are natural relaxations of the harmonic function approach introduced in machine learning. We introduce efficient numerical methods, suited to large
data-sets, for both MCMC-based sampling as well as gradient-based MAP estimation.
Through numerical experiments we study classification accuracy and uncertainty quantification for our models; these experiments showcase a suite of data-sets commonly
used to evaluate graph-based semi-supervised learning algorithms. Finally we study
continuum limits of the problem formulations, and algorithms, arising in the infinite
data limit.
Collaboration with AL Bertozzi, X Luo (UCLA) and KC Zygalakis (Edinburgh).
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TBA
Speaker:

Masahiro Yamamoto, The University of Tokyo

Scheduled: Thursday, June 1 09:00–09:50 at Room TBA
Details:
Abstract:

Plenary talk
TBA

Eigenvalue Problems in Inverse Scattering Theory for Inhomogeneous Media
Speaker:

Fioralba Cakoni, Rutgers University

Scheduled: Thursday, June 1 09:50–10:40 at Room TBA
Details:
Abstract:

Plenary talk
Spectral properties of operators associated with scattering phenomena carry essential
information about the scatterer. However, the main question is whether such spectral features can be determined from the measured scattering data. In particular, the
scattering poles that lie at the foundation of scattering theory are difficult to determine from the measured scattering data since they are complex wave numbers and
this limits their practical use in inverse scattering theory. Transmission eigenvalues
also play a basic role in inverse scattering theory and for non-absorbing media, real
transmission eigenvalues exist, can be determined from the scattering data and provide
estimates for the constitutive properties of the scattering object. However, the practical use of transmission eigenvalues has two major drawbacks. The first drawback is
that multifrequency data must be used in an a priori determined frequency range since
the first few transmission eigenvalues (which are the only ones that can be measured
accurately) are determined by the material properties of the scatterer, i.e. one can not
choose the range of interrogating frequencies. The second drawback is that only real
transmission eigenvalues can be determined from the measured scattering data which
means that transmission eigenvalues cannot be used to estimate the physical properties
of inhomogeneous absorbing media.
In this presentation we first survey the state of the art results on transmission eigenvalues and their use in inverse scattering theory. We then show how to overcome the
aforementioned drawbacks of transmission eigenvalues. More specifically, we present a
general framework in inverse scattering theory such that the role of the transmission
eigenvalue problem is replaced by a new eigenvalue problem whose eigenvalues, real
or complex, can be determined from the measured scattering data. We provide two
examples of such a modification, one leading to a Steklov eigenvalue problem and the
other to a modified transmission eigenvalue problem.
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Plenary talks

Inverse Problems with Multifrequency Data
Speaker:

Faouzi Triki, Université Grenoble-Alpes

Scheduled: Thursday, June 1 11:10–12:00 at Room TBA
Details:
Abstract:

Plenary talk
In the talk I will present recent results related to some specific inverse scattering and
tomography problems with multifrequency data. The studied inverse problems are
intrinsically difficult to solve: this fact is due in part to their mathematical structure,
and to the effect that generally only noisy partial data is available.
The main motivation of the talk is to understand why and how using multifrequency
information can help to stabilize the inversions and to improve the resolution.
The presented inverse problems are known to be severely ill-posed at a fixed frequency
(monochromatic sources), small errors in the measured data or the mathematical model
can lead to large errors in the reconstructions. On the other hand changing the frequency of the sources within a given band of frequencies seems to be technically simple
to achieve in many related applications. Then, it is possible to analyze how do the data
depend on the frequency or the wavelength. This is the concept of the spectroscopy in
physic.
In the talk I will provide partial answers to the questions posed above by means of
stability estimates.
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Minisymposia and contributed talks

M1-1: Advances in diffuse tomography (Part I)
Scheduled: Parallel Session TBA
Organizers: Matti Lassas, University of Helsinki

Nguyet Minh Mach, University of Helsinki
Samuli Siltanen, University of Helsinki
Description: In diffuse tomogaphy, one probes an unknown medium with, for example, electrical currents or near-infrared light. Applications include medical imaging, industrial process
monitoring and nondestructive testing. Typically the measurement can be modelled
using an elliptic partial differential equation (PDE). The goal is to recover a PDE coefficient from boundary measurements. This results in a severely ill-posed inverse problem
that calls for a regularized reconstruction method. This minisymposium concentrates
on nonlinear inversion methods developed for diffuse tomography.
Talks 1. Stroke classification and monitoring using Electrical Impedance Tomogdetails:
raphy
Nguyet Minh Mach, University of Helsinki
Abstract. Stroke is one of the leading causes of death in the world. There are two main
types of stroke: ischemic, due to lack of blood flow, and hemorrhagic, due to bleeding.
During every hour of untreated ischemic stroke, the brain loses as many neurons as it
does in several years of normal aging. Unfortunately, ischemic and hemorrhagic stroke
have exactly the same symptoms, and classification of these two kinds of stroke can only
be done by brain imaging using MRI or CT at large hospitals. In this talk, we introduce
the so-called CGO-Fourier method for stroke detection and classification. This approach
is an extension of the D-bar method, and is the first EIT algorithm that is designed to
see through layers such as the resistive skull. Numerical results for simulated stroke in
2D and 3D cases show that this approach is a promising imaging technique that allows to
instantly classifying stroke in the ambulance..

2. Monotonicity-based regularization of inverse coefficient problems
Bastian Harrach, Goethe University Frankfurt
Abstract. Newly emerging imaging methods lead to the inverse problem of determining
one or several coefficient function(s) in an elliptic partial differential equation from (partial) knowledge of its solutions. A natural and generic approach is to approximate the
unknown coefficients by minimizing a linearized and regularized data-fit functional. In this
talk, we will show how to regularize the linearized data-fit functional with monotonicitybased constraints in such a way that convergence of certain shape properties in the reconstructions can be rigorously guaranteed.
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3. Thermal tomography with inaccurately known measurement configuration
Lauri Mustonen, Aalto University
Abstract. Thermal tomography is an imaging technique for deducing information about
the internal structure of a physical body from temperature measurements on its boundary. This work considers time-dependent thermal tomography modeled by a parabolic
initial/boundary value problem without accurate information on the exterior shape of the
examined object. The adaptive sparse pseudospectral approximation method is used to
form a polynomial surrogate for the dependence of the temperature measurements on the
thermal conductivity, the heat capacity, the boundary heat transfer coefficient and the
body shape. These quantities can then be efficiently reconstructed by nonlinear, regularized least squares minimization employing the surrogate and its derivatives. The feasibility
of the resulting reconstruction algorithm is demonstrated by numerical experiments based
on simulated data in two spatial dimensions.

4. Optimal ultrasound frequency for lung monitoring through ultrasound
informed Electrical Impedance Tomography: numerical simulations
Raul Lima, University of São Paulo
Abstract. Electrical Impedance Tomography images of the lung improve when anatomical and physiological prior information is available. Ultrasound Tomographic images can
be a source of prior information for EIT inverse problems. Higher frequencies reflect at the
pleura and are quickly absorbed in the lung tissue. Lower ultrasound frequencies worsen
the spatial resolution of ultrasound tomographic images. The present work investigates
the optimal frequency for spatial resolution and penetration of ultrasound in the lung
tissue.
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M1-2: Advances in diffuse tomography (Part II)
Scheduled: Parallel Session TBA
Organizers: Matti Lassas, University of Helsinki

Nguyet Minh Mach, University of Helsinki
Samuli Siltanen, University of Helsinki
Description: In diffuse tomogaphy, one probes an unknown medium with, for example, electrical currents or near-infrared light. Applications include medical imaging, industrial process
monitoring and nondestructive testing. Typically the measurement can be modelled
using an elliptic partial differential equation (PDE). The goal is to recover a PDE coefficient from boundary measurements. This results in a severely ill-posed inverse problem
that calls for a regularized reconstruction method. This minisymposium concentrates
on nonlinear inversion methods developed for diffuse tomography.
Talks 1. Effect of structural changes on pulmonary imaging using a 2D D-bar
details:
algorithm
Rashmi Murthy, Colorado State University
Abstract. Electrical Impedance Tomography (EIT) is a relatively new imaging technique that is non-invasive, low-cost, and non-ionizing with excellent temporal resolution.
EIT data consists of electrical boundary measurements of voltages measured on electrodes
arising from applied currents on the electrodes that are used to determine the unknown
electrical conductivity in the interior of the medium. A well-known algorithm to determine the unknown electrical conductivity is the D-Bar algorithm. The 2D D-bar method
is a direct (non-iterative) reconstruction algorithm based on complex geometrical optics
solutions to a related partial differential equation. It is implicitly assumed in the algorithm that the measured conductivity change in EIT is caused by actual conductivity
change of a tissue. Structural changes, such as location of organs or overall cross sectional
area, have not been considered to date. In this talk, we present the impact of changes
in the domain shape and size on the reconstruction algorithm. We propose the changes
to be made in the D-bar algorithm to improve the resolution of the images and present
results of the proposed changes in the D-bar algorithm.

2. Determining the conformal class of anisotropic conductivity in a conformally invariant version of EIT
Tony Liimatainen, University of Helsinki
Abstract. We consider a conformally invariant version of the anisotropic EIT, where
the objective is to determine the conformal class of the conductivity from the Dirichletto-Neumann map for the conformal Laplacian. The main result states that a locally
conformally real-analytic manifold in dimensions ≥ 3 can be determined in this way, giving
a positive answer to a conjecture in Lassas and Uhlmann (2002). We introduce a new
coordinate system that replaces harmonic coordinates when determining the conformal
class in a neighborhood of the boundary. This is joint work with Matti Lassas and Mikko
Salo.
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3. The partial-boundary problem in electrical impedance tomography and
approximation of full-boundary data
Andreas Hauptmann, University College London
Abstract. Measurements on a subset of the boundary are common in electrical
impedance tomography, especially any electrode model can be viewed as a partial boundary problem. The information obtained is different to full-boundary measurements as
modeled by the ideal continuum model. We discuss an approach to approximate fullboundary data from partial-boundary measurements; this is based on a careful choice of
projection mappings. The approximate full-boundary data can then be obtained as the
solution of a suitable optimization problem. By this procedure we are able to improve
the reconstruction quality of continuum model based algorithms, such as D-bar methods.
Reconstructions are presented for simulated and real measurement data.

4. Diffuse optical tomography using the Helmholtz equation
Simon Arridge, University College London
Abstract. Diffuse Optical Tomography (DOT) is traditionally treated as a parameter
identification problem for two variables in an elliptic PDE, from boundary data. Using
the Liouville Transformation an equivalent formation is in terms of a Helmholtz equation
with a real or complex valued wave-number. In this talk we compare the advantages of
these two approaches for some typical problems in DOT.

21

Minisymposia and contributed talks

M2: Computational methods for geophysical inverse problems
Scheduled: Parallel Session TBA
Organizers: Yanfei Wang, Chinese Academy of Sciences
Description: In this minisymposium, inverse problems arising from geoscience and petroleum engineering will be discussed. Related topics include waveform inversion, seismic data
processing, signal processing, parameter identification and solution methods. In solving
methodology, with different geophysical/image models, advanced numerical methods
for solving these models such as iterative regularization methods, memory saving optimization methods, MPI programming, machine learning and distributed algorithms
are discussed.
Talks 1. Direct linear data processing of seismic observations
details:
Sergey Kabanikhin, Russian Academy of Sciences
Abstract. Currently, due to the area systems of observations, it is possible to create a fundamentally new method of solving three-dimensional inverse problems, which are used:
- three-dimensional analogues of the equations of Gelfand-Levitan-Krein,
- parallel computing on high performance clusters
- methods Monte-Carlo,
- fast algorithms for the inversion of block-Toeplitz matrices of large dimensions.
The main problem of the investigations of three-dimensional elastic media is the large size of
the area in which high-precision calculations are produced. Even for a relatively small area of
2𝑘𝑚 × 2𝑘𝑚 × 2𝑘𝑚 the solution of the direct problem of seismic prospecting is a very difficult. Let
us note that the most of the modern methods for solving inverse problems are based on iterative
procedures and even the number of operations required for carrying out multiple iterations, may
lead to uncontrolled errors. This circumstance is complicated by the strong incorrectness of the
inverse problems, which is the non-uniqueness of solutions, as well as instability, which increases
with depth. We propose the algorithm of numerical solution of the multidimensional inverse
problem for hyperbolic equations (acoustics, Maxwell and Lame equations) in three-dimensional
space with additional information on the part of the half-plane (area observing system). The
basic idea is to use projection method with subsequent mixing of the inverse problem for the multidimensional analogues of Gelfand-Levitan-Krein equations. Singular value decomposition [5],
the Monte Carlo method [3,4] and the method using the decomposition of Hochberg-Camenzuli
for block-Toeplitz matrices [2] are applied for the solution of the multidimensional analogue of
the Krein equation. The results of numerical calculations and comparative analysis of numerical
algorithms are presented.
The work was supported by the Ministry of education and science of the Russian Federation,
RFBR (projects 16-29-15120 and 15-01-09230) and the Ministry of Education and Science of the
Republic of Kazakhstan (project 1746/GF4).
References:
[1] Kabanikhin S.I., Satybaev A.D., Shishlenin M.A. Direct Methods of Solving Multidimensional
Inverse Hyperbolic Problems. VSP, The Netherlands, 2004.
[2] Kabanikhin S.I., Novikov N.S., Oseledets I.V., Shishlenin M.A. Fast Toeplitz linear system
inversion for solving two-dimensional acoustic inverse problem, J. of Inverse and Ill-Posed Problems, 2015. Vol. 23, No. 6, pp. 687-700.
[3] Kabanikhin S.I., Sabelfeld K.K., Novikov N.S., Shishlenin M.A. Numerical solution of an
inverse problem of coefficient recovering for a wave equation by a stochastic projection methods,
Monte Carlo Methods and Applications. 2015. Vol. 21, No. 3. P. 189-203.
[4] Kabanikhin S.I., Sabelfeld K.K., Novikov N.S., Shishlenin M.A. Numerical solution of the
multidimensional Gelfand-Levitan equation, Journal of Inverse and Ill-Posed Problems, 2015.
Vol. 23, No. 5, pp. 439-450.
[5] Kabanikhin S.I., Shishlenin M.A. Numerical algorithm for two-dimensional inverse acoustic
problem based on Gelfand-Levitan-Krein equation, Journal of Inverse and Ill-Posed Problems.
2011. Vol. 18, No. 9. P. 979-996.

22

Minisymposia and contributed talks

2. Full waveform inversion in the time domain and its applications
Wensheng Zhang, Chinese Academy of Sciences
Abstract. The full waveform inversion (FWI) has important applications in the oil/gas
geophysical exploration. In this talk, I will present the FWI method for inversing media
velocity based on the acoustic wave equation. The method is basically a process of minimizing the residual between synthesized data and observed data. It is carried out in the
time domain by using the date from low frequency to high frequency in stepwise manner.
This strategy effectively improves the robustness of inversion. Some new algorithms such
as the memory saving algorithm and optimization algorithm are proposed and investigated. Numerical computations are implemented both for the benchmark models and
real data. In order to improve the computational efficiency, the message passing interface
programming is applied and it is essential to large scale computations. The inversion
results show that the presented FWI method can provide accurate velocity inversion information and reasonable explanations for underground structures and thus it can be
applied to real data processing. This work is a joint work with Jia Luo.

3. Seismic data interpolation by machine learning
Jianwei Ma and Yongna Jia, Harbin Institute of Technology
Abstract. Machine learning (ML) system can automatically mine the features or relationships hidden in data. In the last decade, ML methods have spread rapidly throughout
many fields. In this talk, we give a brief review of applications of the ML and propose
a novel method based on a classical ML method, support vector regression (SVR), to
reconstruct seismic data from under-sampled or missing traces. The SVR method first
mines a continuous regression hyperplane from training data that indicates the hidden
relationship between input data with missing traces and output completed data, and then
interpolates missing seismic traces for other input data by using the learned hyperplane.
The key idea of our ML method is significantly different from that of many previous interpolation methods. Our method depends on the characteristic of the training data, rather
than the assumption of linear events, sparsity or low rank. Thus it can breakout the preassumption or constraint and show universality to different data. On the other hand, our
method dramatically reduces manual workload, e.g. avoiding selecting the window size
parameters in methods with the assumption of linear events. ML method makes intelligent
interpolation for a type of data with similar geo-morphological structures, which would
significantly reduce costs in engineering application. Furthermore, we have combined a
sparse transform named data-driven tight frame with the SVR method to improve the
training performance, where the training is implemented in a sparse coefficient domain
rather than the data domain. It’s a joint work with Yongna Jia from Harbin Institute of
Technology.
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4. Numerical methods of some parameters identification of the medium
Maxim Shishlenin, Russian Academy of Sciences
We consider several numerical approaches for parameters identification of the
medium. One of this is based on the continuation problems of physical fields with the data on
the part of the boundary [1,2,3], which arise in Geophysics, tomography, in problems of protection
of nuclear reactors. The second is the method based on the conservation laws and the solution
of the coefficient inverse problems. Continuation problems are ill-posed and we formulate this
problems in the form of operator equation 𝐴𝑞 = 𝑓 , for which the minimization of the objective
functional and the method of singular value decomposition [2,3] are applied. We study the
properties of the operator A and the algorithm of minimization of functional 𝐽(𝑞) = ‖𝐴𝑞 − 𝑓 ‖2
by the conjugate gradient method. In series of numerical experiments are shown that it allows us
to recover the boundary conditions on the inaccessible part of the boundary, as well as to obtain
information about inhomogeneities (the number, location, approximate volume) located in the
region of inaccessibility. We solve the coefficient inverse problem using the gradient method. The
numerical solution of the direct and adjoint problem based on the conservation laws which allows
us guarantee the physical solution of the inverse problem [4].

Abstract.

The work was supported by the Ministry of education and science of the Russian Federation,
RFBR (projects 16-01-00755, 17-51-540004 and 16-29-15120) and the Ministry of Education and
Science of the Republic of Kazakhstan (project 1746/GF4).
References
[1] S.I. Kabanikhin, D. Nurseitov, M.A. Shishlenin, B.B. Sholpanbaev. Inverse Problems for the
Ground Penetrating Radar, Journal of Inverse and Ill-Posed Problems 2013. Vol. 21. No. 6, pp.
885-892.
[2] S. I. Kabanikhin, Y. S. Gasimov, D. B. Nurseitov, M. A. Shishlenin, B. B. Sholpanbaev and
S. Kasenov. Regularization of the continuation problem for elliptic equations, Journal of Inverse
and Ill-Posed Problems. 2013. Vol. 21. No. 6. Pp. 871-884.
[3] Kabanikhin S.I, Shishlenin M.A., Nurseitov D.B., Nursetova A.T., Kasenov S.E. Comparative
analysis of methods for regularizing an initial boundary value problem for the Helmholtz equation,
Journal of Applied Mathematics. 2014. Vol. 2014.
[4] Kulikov I.M., Novikov N.S., Shishlenin M.A. Mathematical modeling of propagation of ultrasonic waves in two-dimensional medium: a direct and inverse problem, SEMR, 2015, 12, pp.
C.219-C.228.

5. Distributed algorithm for spatially distributed sensing system
Qiyu Sun, University of Central Florida
Abstract. A spatially distributed system contains a large amount of agents with limited
sensing, data processing, and communication capabilities. In this talk, I will discuss
distributed algorithms for suboptimal data reconstruction.
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6. Source problem for shallow water equations
Olga Krivorotko, Russian Academy of Sciences
Abstract. Shallow water equations describe long waves (or tsunami waves) motion.
The most tsunami events are caused by underwater earthquakes. But knowing only information about earthquake is not guarantee one the tsunami on the shore (about 80%
of false forecasts). For better prediction it is necessary to know the initial wave parameters, i.e. coordinates, form and its amplitude. These parameters contain in initial
conditions of Cauchy problem for shallow water equations. The source problem consists
in determination of source function in initial conditions of Cauchy problem for shallow
water equations by additional information about moving wave (for example, tide gaudges,
satellite altimeter pictures, etc). In present talk the source problem for shallow water
equations by combination of two types of measurements is investigated. The first type
of additional information measures the deviation of water free surface from state of rest
in fixed space points (like tide gaudges) and the second type measures the deviation of
water free surface from state of rest in fixed time (like satellite altimeter). The optimization approach based on conjugate gradient method is proposed. The stability of ill-posed
source problem is controlled by the singular value decomposition algorithm. The numerical results for tsunami source problem with Gauss noise in measurements are presented
and discussed.
This work is supported by the Ministry of Education and Science of the Russian Federation
and by the Russian Foundation of Basic Research (project No. 16-31-00189).
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M3-1: Inverse spectral problems (Part I)
Scheduled: Parallel Session TBA
Organizers: Paul Sacks, Iowa State University

Chuan-Fu Yang, Nanjing University of Science and Technology
Description: The speakers in this mini symposium will present recent progress on the analysis of
inverse problems in which the given data is connected to the spectrum of an associated
differential operator.
Talks 1. On reflectionless Schrödinger operators
details:
Rostyslav Hryniv, Ukrainian Catholic University and University of Rzeszów
Abstract. In his paper of 1949, V. Bargmann suggested several classes of isospectral
Schrödinger operators on the line having the same negative bound states and absolutely
continuous spectrum coinciding with the positive half-line. Several years later I. Gelfand,
B. Levitan, V. Marchenko and M. Krein shaped up the inverse scattering theory, and it
became clear that most of the Bargmann examples are given by reflectionless potentials.
After C. S. Gardner, J. M. Greene, M. D. Kruskal and R. M. Miura discovered in 1967 the
inverse scattering method of solving the famous Korteweg-de Vries (KdV) equation, the
Bargmann potentials re-appeared as 𝑛-soliton solutions of KdV. V. Marchenko (1991) and
F. Gesztesy, W. Karwowski and Z. Zhao (1992) suggested several ways to generalize the
notions of reflectionless Schrödinger operators and soliton solutions of the KdV equation.
The aim of the talk is to report on our recent results in this direction. Namely, we suggest
a method of constructing generalized reflectionless Schrödinger operators with arbitrary
negative spectrum and soliton solutions of the corresponding KdV equation. This is joint
work with Y. Mykytyuk.

2. On the phaseless inverse scattering theory of the generalized Helmholtz
equation
Lunghui Chen, National Chung Cheng University
Abstract. We will discuss the inverse scattering problem of the Helmholtz equation.
The problem arises from the inverse scattering theory in many settings, e.g., electron
microscopy, crystallography, medical imaging, astronomy, and nano-optics. In the applications, the test sample may be too fragile or agile to measure the phase information
of scattered waves. We ask if it is sufficient to reconstruct the scatterer/image source
using only the intensity of the scattered wave fields or the signals. In particular, we are
interested to reconstruct the perturbation by the zero set of the scattered waves.

26

Minisymposia and contributed talks

3. Nonlocal Sturm-Liouville problems
Yi-Teng Hu, Nanjing University of Science and Technology
Abstract. Nonlocal Sturm-Liouville problems arise in various fields such as physics,
biotechnology and so on. Here we mainly concern with Sturm-Liouville operators with
nonlocal boundary conditions and/or with nonlocal potentials. The direct analysis of the
spectral characterization for these problems has been studied, as well as the inverse problems of nonlocal Sturm-Louville operators. This report includes: first we summarize the
studies of Sturm-Liouville operators with nonlocal boundary conditions, including three
parts: the works on how the spectrum depends on the boundary condition parameters; the
numerical results on the approximation of spectrum; the inverse problems—especially, the
results of inverse eigenvalues and nodal problems. Second, we summarize the researches on
Sturm-Liouville operators with nonlocal potentials, including two parts: the behaviours of
eigenvalues and nodal points, the uniqueness of inverse problems and reconstruction algorithm for operators with integral delays (or function delays); the direct analysis and results
of inverse problems for operators with both nonlocal potentials and nonlocal boundary
conditions.

4. Maximal spectral gaps for periodic Schrödinger operators
Braxton Osting, University of Utah
Abstract. The spectrum of a Schrödinger operator with periodic potential generally
consists of bands and gaps. In this paper, for fixed 𝑚, we consider the problem of maximizing the gap-to-midgap ratio for the m’th spectral gap over the class of potentials which
are pointwise bounded and have fixed periodicity. In one dimension, we prove that the
optimal potential is a unique step-function attaining the imposed minimum and maximum
values on exactly 𝑚 intervals. In two-dimensions, we develop an efficient rearrangement
method for this problem and apply it to study properties of extremal potentials. Using
an explicit parametrization of two-dimensional Bravais lattices, we also consider how the
optimal value varies over equal-volume Bravais lattices. This is joint work with Chiu-Yen
Kao (Claremont McKenna College).
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M3-2: Inverse spectral problems (Part II)
Scheduled: Parallel Session TBA
Organizers: Paul Sacks, Iowa State University

Chuan-Fu Yang, Nanjing University of Science and Technology
Description: The speakers in this mini symposium will present recent progress on the analysis of
inverse problems in which the given data is connected to the spectrum of an associated
differential operator.
Talks 1. Classical inverse Sturm Liouville problems: extending the Borg and
details:
Hochstadt-Lieberman results
William Rundell, Texas A&M University
Abstract. In the original 1946 paper Borg showed uniqueness in the case of a symmetric
potential from a single spectral sequence. Later Hochstadt and Lieberman showed that
a single (Dirichlet) sequence could determine a potential 𝑞(𝑥) provided this was assumed
known on [0, 21 ]. We look at two variations of these results. This is joint work with Fengyi
Li.

2. Transmission eigenvalues associated with a single Floquet-Bloch mode
measurement operator
Houssem Haddar, École Polytechnique
Abstract. We discuss in this talk the inverse scattering problem from locally perturbed
periodic layers where a fixed type of quasi-periodic incident plane waves are used and
measurements are performed for a fixed Floquet-Bloch mode of the scattered waves. This
leads to the investigation of a new type of so-called interior transmission problems. We
show that real transmission eigenvalues associated with this problem coincide with classical ones in the cases where the defects are separated from the background components.
The situation is unclear for general configurations. This type of measurement operators
can be used to identify the defect independently from the knowledge of the background.
This is a joint work with Thi-Phong Nguyen.

3. Extension of Ambarzumyan-Carlson-Pivovarchik theorem on quantum
trees
Chun-Kong Law, National Sun Yat-Sen University
Abstract. The Ambarzumyan-Carlson-Pivovarchik Theorem can be expressed as follows: If a quantum tree has edge lengths with rational ratios with the total length 𝐿,
and has eigenvalues of the form (𝑘𝑚0 𝜋/𝐿)2 then the potential functions 𝑞𝑖 = 0. We shall
refine the theorem by including the case when the edge lengths have irrational ratios but
each chain-wise sum bears a rational ratio. When the quantum tree is a star graph, we
also show that when each 𝑞𝑖 = 0 and the eigenvalues are of the form (𝑘𝑚0 𝜋/𝐿)2 then the
edge lengths bear pairwise rational ratios to the total length. We conjecture that this is
true for all quantum trees. Hence our refinement gives the best solution of Ambarzumyan
problem on quantum trees. This is joint work with Y.S. Choi (University of Connecticut)
and E. Yanagida (Tokyo Institute of Technology).
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M4-1: Feature based multi-modal image reconstruction in medical imaging
(Part I)
Scheduled: Parallel Session TBA
Organizers: Ming Jiang, Peking University

Alfred K. Louis, Saarland University
Peter Maass, University of Bremen
Xiaoqun Zhang, Shanghai Jiao Tong University
Description: Medical imaging is devoted to visualizing structural or functional information needed
for medical diagnosis or pharmaceutical research. The complexity of such tasks is
constantly increasing in terms of integration of new modalities, increased resolution
and novel diagnostic tasks. The classical approach is based on first computing highresolution images followed by a second but separate diagnostic task. Typically only
partial information of the reconstructed image is needed for extracting the critical
information carrying valuable diagnostic information. Combining reconstruction and
evaluation in a single step feature-based reconstruction concept allows to tackle complex medical imaging tasks efficiently. Hence, this mini-symposium addresses various
aspects of feature-based multi-modal image reconstructions in medical imaging. We
aim at combining talks on the theoretical foundation of feature-based approaches to
inverse problems with applications and novel imaging technologies.
Talks 1. Reconstruction-Classification approaches and applications in some nondetails:
linear inverse problems
Simon Arridge, University College London
Abstract. Analysis of medical images often proceeds by applying some of the well-known
and successful segmentation or labelling approaches from machine vision, under the assumption that the images have been robustly reconstructed. In the case of ill-posed and
especially non-linear inverse problems the reconstruction process can lead to considerable
artefact in the images which is not always removed by standard regularisation techniques.
In this talk we present an approach that applies classification algorithms within iterative
reconstruction algorithms. Results are presented for Diffuse Optical Tomography, Electrical Impedance Tomography, and Quantitative PhotAcoustic Tomography. It’s a joint
work with Simon Primce, Petri Hiltunen, Emma Malone, Sam Powell.

2. On feature similarity measures
Ming Jiang, Peking University
Abstract. One recent development in biomedical imaging focus on multi-modality technologies to enrich image information by fusing multiple imaging modalities. A natural
observation is that images of the same object, though obtained from different modalities, possess similar complementary feature information, and the complementary features
from one modality can improve and steer the reconstruction of another modality, and vice
versa, in an iterative manner during the reconstruction process. Image reconstructions
for multi-modality systems can then be jointly performed with enhanced image quality
with less measured data via the communication through their features in terms of a feature similarity measure. In previous work of image registration and multi-modality image
reconstruction, the mutual information and joint entropy are utilized to measure image
similarities. However, such image similarity measures are usually not symmetric, and does
not satisfy the triangular inequality as metrics. In this talk, I will report my recent work
on the topological and metrical properties for such measures.
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3. 2D - 3D registration of medical ultrasound images
De-Xing Kong, Zhejiang University
Abstract. Applications of image-guided intervention in surgery have been increasingly
broader and more diverse. Image registration plays a key role in the intervention process.
This talk focuses on voxel-based and automatic image registration on 2D-3D medical
ultrasound images. By introducing new similarity measures we propose a novel mathematical model on the registration of 2D-3D medical ultrasound images, and utilize real
patient data to achieve multi-dimensional registration. The experiments show that our
results have accuracy and high-performance. Experiment results show that the proposed
method is accurate and effective for clinic application.

4. Feature reconstruction in multi-modal imaging
Alfred K. Louis, Saarland University
Abstract. In typical applications image reconstruction and image analysis are treated
as separate tasks. In this talk we discuss a strategy for the derivation of fast, accurate and
stable algorithms for combining reconstruction and feature extraction step for solving linear ill- posed problems. This approach is based on precomputation special reconstruction
kernels with optimized parameters for the combination of the two tasks, which allows for
fast implementations. On the analytic side we prove order optimality results and present
suitable criteria for the selection of regularization parameter. Results from real data in
different tomographic modalities and scanning geometries are presented.
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M4-2: Feature based multi-modal image reconstruction in medical imaging
(Part II)
Scheduled: Parallel Session TBA
Organizers: Ming Jiang, Peking University

Alfred K. Louis, Saarland University
Peter Maass, University of Bremen
Xiaoqun Zhang, Shanghai Jiao Tong University
Description: Medical imaging is devoted to visualizing structural or functional information needed
for medical diagnosis or pharmaceutical research. The complexity of such tasks is
constantly increasing in terms of integration of new modalities, increased resolution
and novel diagnostic tasks. The classical approach is based on first computing highresolution images followed by a second but separate diagnostic task. Typically only
partial information of the reconstructed image is needed for extracting the critical
information carrying valuable diagnostic information. Combining reconstruction and
evaluation in a single step feature-based reconstruction concept allows to tackle complex medical imaging tasks efficiently. Hence, this mini-symposium addresses various
aspects of feature-based multi-modal image reconstructions in medical imaging. We
aim at combining talks on the theoretical foundation of feature-based approaches to
inverse problems with applications and novel imaging technologies.
Talks 1. Feature extraction and motion detection in dynamic imaging
details:
Bernadette Hahn, University of Würzburg
Abstract. For many imaging modalities, the data acquisition takes a considerable
amount of time. For example, in computerized tomography, this corresponds to the
time required for the x-ray source to surround the specimen. Temporal changes of the
object during this time period lead to inconsistent data and cause motion artefacts in
the reconstructed images. For example, patient or organ motion can severely impede
a reliable diagnostics in medical imaging. The development for motion compensation
algorithms is therefore an important challenge in tomographic imaging. In this talk, we
present a feature-based reconstruction approach for dynamic computerized tomography,
as well as a method to detect the dynamic behavior directly from the measured CT-data.

2. PET-MRI joint reconstruction by common edge regularization
Ying Zhang, Shanghai Jiao Tong University
Abstract. Driven by the development of Positron Emission Tomography (PET) and
Anatomical Magnetic Resonance Imaging (MRI) scanners, this work combine PET data
and MRI data of the same investigated object to reconstruct PET image and MRI image
simultaneously. The aim of joint reconstruction is to utilize complementary information
from the other modality but hidden in itself. We propose a joint reconstruction model on
both images to reconstruction and a common edge. The numerical results show that our
method outperforms some previous joint reconstruction work.
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3. Magnetic particle imaging using a priori information from MRI
Christine Bathke, University of Bremen
Abstract. Magnetic particle imaging (MPI) is a tracer-based imaging modality recently
developed to detect the concentration of superparamagnetic iron oxide nanoparticles. It
allows to image blood flow without the need for harmful radiation. This modality is
highly sensitive to the nanoparticle’s nonlinear response to the applied magnetic field.
Since anatomical information, e.g. from biological tissue, is not provided by the acquired
MPI signal, it is conducted together with MRI. The additional information allows us to
use structural information provided by MRI to improve reconstruction quality in MPI. In
this talk we present an approach which incorporates MRI features into a TV-term and
favors sparsity in the MPI reconstruction. It’s a joint work with Tobias Kluth.

4. 3D MALDI Imaging
Peter Maass, University of Bremen
Abstract. MALDI Imaging is a mass spectrometric imaging modality aiming at recovering the molecular landscape of tissue samples. By now it is a standard technology in
medical and pharmaceutical research for discovering proteomic pathways or for detecting
biomarkers for tumor typing. 3D MALDI Imaging poses several mathematical challenges
in terms of model reduction, i.e. detecting metabolically relevant spectral structures,
clustering of spectra for tissue segmentation and 3D visualization of the complex data
set. In this talk we present the mathematical foundation for feature extraction in MALDI
Imaging and demonstrate its potential for analyzing trauma data from an injured spine
of a rat.
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M5: Stochastic optimization for inverse problems
Scheduled: Parallel Session TBA
Organizers: Matthias J. Ehrhardt, University of Cambridge

Carola-Bibiane Schönlieb, University of Cambridge
Description: Many modern inverse problems are solved in a Bayesian framework / variational formulation that requires the minimization of an objective function, or in other words,
the solution of an optimization problem. Due to the large size and often multidimensionality of solutions in real life applications these optimization problems have to be
solved in very high dimensions. In addition, popular sparsity promoting regularization
is non-smooth which makes the optimization problem even more difficult to solve. In
contrast it is often desirable if not even crucial to solve these problems very efficiently.
This symposium brings together researchers to present current research on stochastic optimization techniques to efficiently solve large scale and/or non-smooth inverse
problems.
Talks 1. Accelerated stochastic PDHG by non-uniform sampling
details:
Matthias J. Ehrhardt, University of Cambridge
Abstract. A very popular algorithm for image processing and image reconstruction with
non-differentiable priors is the primal-dual hybrid gradient (PDHG) algorithm proposed
by Chambolle and Pock. In some scenarios it is beneficial to employ a stochastic version of
this algorithm where not all of the dual updates are executed simultaneously. In this talk
we will discuss extensions to non-uniform parameter choices and non-uniform sampling
and show that the algorithm converges linearly for strongly convex problems-even for this
generalized setting. This is joint work with A. Chambolle, P. Richtarik and C. Schoenlieb.

2. Block-proximal methods for image processing
Tuomo Valkonen, University of Liverpool
Abstract. We study a class of primal-dual block-coordinate descent methods based on
blockwise proximal steps. The methods can be executed either stochastically, randomly
executing updates of each block of variables, or the methods can be executed deterministically, featuring performance-improving blockwise (e.g. pixelwise) adapted step lengths.
We observe Mixed 𝑂(1/𝑁 2 ) + 𝑂(1/𝑁 ) performance, and test the proposed methods on
various image processing problems.
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3. An efficient penalty method for PDE-constrained optimization problem
with source estimation and stochastic optimization
Zhilong Fang, The University of British Columbia
Abstract. Many inverse problems in applied science and engineering can be written
as PDE-constrained optimization problems. Typically, one is interested in estimating
the unknown medium parameters of the PDE describing the system, given multi-source
measurements of the fields in the true medium. The objective function is often very oscillatory, which gives rise to problematic local minima, and merely evaluating one or more
of its derivatives requires solving multiple PDEs, which are expensive. In many applications such as seismic exploration, only the source location is available and the source
signature itself is unknown, which results in erroneous estimated parameters. In this
work, we propose a penalty method to solve the PDE-constrained optimization problem,
whereby we replace the PDE constraints by a two-norm penalty term, which leads to a
bi-linear optimization problem with a much less oscillatory objective function. By applying the variable projection method, we develop an efficient method to invert the unknown
parameters and source signatures simultaneously. To reduce the computational cost, we
randomly select a subset of all data to update the parameters at each iteration. Numerical
examples demonstrate that this method is less prone to becoming stuck in harmful local
minima and is able to successfully invert the unknown parameters and source signature
with less computational cost compared to using all the data.

4. Dynamic sampling techniques for solution of large and non-smooth
bilevel optimisation problems in imaging
Luca Calatroni, École Polytechnique
Abstract. We consider the problem of estimating the optimal noise model for image
denoising applications by means of a large training set of examples. In order to make the
estimation robust but not too costly, we adapt a dynamic sampling strategy proposed by
Nocedal and others to a non-smooth bilevel optimisation problem. Starting from a small
number of constraints, the size of the training set is dynamically increased throughout
the iterations of the optimisation algorithm by checking a condition on the variance of
the batch gradient which balances between accuracy and efficiency of the estimation. The
optimisation problems are solved via quasi (BFGS) and semi-smooth Newton’s schemes.
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M6-1: New tricks for old problems: Novel computational methods for inverse
problems (Part I)
Scheduled: Parallel Session TBA
Organizers: Felix Lucka, University College London

Bangti Jin, University College London
Description: Over recent years, a variety of new reconstruction approaches to classical inverse problems have been proposed and demonstrated more useful solutions than previous approaches. For instance, reconstructions based on non-smooth, sparsity-promoting regularization terms often exhibit superior resolution and can reliably recover certain features of the solution even from very poor data, while Bayesian inversion techniques can
additionally quantify the uncertainties of the reconstruction. However, these promising
approaches also pose significant computational challenges, which often prevent them
from being used to full potential in many large-scale scenarios. In this mini-symposium,
young researchers present some of the most innovative recent strategies to overcome
these challenges.
Talks 1. Efficient Bayesian computation by proximal Markov chain Monte Carlo:
details:
when Langevin meets Moreau
Marcelo Pereyra, Heriot-Watt University
Abstract. Convex optimisation and stochastic simulation are two powerful Bayesian
computation methodologies for performing inference in imaging inverse problems. It is
widely acknowledged that these methodologies can complement each other very well, yet
they are generally studied and used separately. This talk presents a new Markov chain
Monte Carlo (MCMC) method that combines Langevin sampling with elements of convex
analysis and proximal optimisation in order to simulate efficiently from high-dimensional
densities that are log-concave and potentially non-smooth, a class of probability distributions that is widely used in modern imaging sciences. We establish asymptotic convergence results, as well as non-asymptotic bounds for the convergence to stationarity
in total-variation distance. The proposed methodology is demonstrated on challenging
mathematical imaging problems related to image tomographic reconstruction and image
resolution enhancement.

2. A TV-Gaussian prior for infinite-dimensional Bayesian inverse problems
Jinglai Li, Shanghai Jiao Tong University
Abstract. Many scientific and engineering problems require to perform Bayesian inferences in function spaces, where the unknowns are of infinite dimension. In such problems,
choosing an appropriate prior distribution is an important task. In particular, when the
function to infer is subject to sharp jumps, the commonly used Gaussian measures become
unsuitable. On the other hand, the so-called total variation(TV)prior can only be defined
in a finite-dimensional setting, and does not lead to a well-defined posterior measure in
function spaces. In this work we present a TV-Gaussian (TG) prior to address such problems, where the TV term is used to detect sharp jumps of the function, and the Gaussian
distribution is used as a reference measure so that it results in a well-defined posterior
measure in the function space. Finally we apply the proposed prior to a medical image
reconstruction problem.
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3. Polynomial surrogates for electrical impedance tomography
Nuutti Hyvönen, Aalto University
Abstract. Electrical impedance tomography aims at reconstructing the internal conductivity of a physical body based on measurements of current and potential at a finite
number of electrodes attached to its boundary. Solving the inverse problem of impedance
tomography by some regularized output least squares algorithm typically requires repetitively evaluating the corresponding forward map and its derivatives with respect to the
unknown parameters, which can be computationally expensive. This talk considers forming polynomial surrogates for both the forward and regularized inverse maps of impedance
tomography in order to speed up the reconstruction process. The employed computational
techniques include (stochastic) collocation finite element methods and adaptive tensor
product quadratures.

4. Discrete regularization of parameter identification problems
Christian Clason, University of Duisburg-Essen
Abstract. This talk is concerned with parameter identification problems where a distributed parameter is known a priori to take on values from a given set. This property can
be promoted with the aid of a convex regularization term in the Tikhonov functional. We
discuss the properties of minimizers of this functional and their numerical computation
using a semismooth Newton method.
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M6-2: New tricks for old problems: Novel computational methods for inverse
problems (Part II)
Scheduled: Parallel Session TBA
Organizers: Felix Lucka, University College London

Bangti Jin, University College London
Description: Over recent years, a variety of new reconstruction approaches to classical inverse problems have been proposed and demonstrated more useful solutions than previous approaches. For instance, reconstructions based on non-smooth, sparsity-promoting regularization terms often exhibit superior resolution and can reliably recover certain features of the solution even from very poor data, while Bayesian inversion techniques can
additionally quantify the uncertainties of the reconstruction. However, these promising
approaches also pose significant computational challenges, which often prevent them
from being used to full potential in many large-scale scenarios. In this mini-symposium,
young researchers present some of the most innovative recent strategies to overcome
these challenges.
Talks 1. Tomographic reconstruction of homogeneous 2D geometric models with
details:
unknown attenuation
Zenith Purisha, University of Helsinki
Abstract. A two-dimensional sparse-data tomographic problem is studied. The target
is assumed to be a homogeneous object bounded by a smooth curve. A Non Uniform
Rational Basis Splines (NURBS) curve is used as computational representation of the
boundary. This approach conveniently provides the result in a format readily compatible with computeraided design (CAD) software. However, the linear tomography task
becomes a nonlinear inverse problem due to the NURBS-based parameterization. Therefore, Bayesian inversion with Markov chain Monte Carlo (MCMC) sampling is used for
calculating an estimate of the NURBS control points. The reconstruction method is
tested with both simulated data and measured X-ray projection data. The proposed
method recovers the shape and the attenuation coefficient significantly better than the
baseline algorithm (optimally thresholded total variation regularization), but at the cost
of heavier computation.

2. Dimension reduction for statistical inverse problems
Tiangang Cui, Monash University
Abstract. The intrinsic dimensionality of an inverse problem is affected by prior information, the observations, and the properties of the forward operator. In many problems,
changes from the prior to the posterior can be confined to a relatively low-dimensional subspace. We present a suit of dimension reduction methods to identify such a subspace and
discuss ways to use the result subspace to approximate the posterior distribution through
conditioning and marginalisation. We show that these approximations can significantly
reduce the computation complexity of statistical inverse problems.
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3. Image reconstruction in diffuse optical imaging using stochastic solutions to the radiative transport equation
Samuel Powell, University College London
Abstract. The use of near-infrared light for medical imaging is attractive because it is
non-invasive, non-ionising, and has contrast to clinically relevant chromophores present in
biological tissue. A number of modalities have been proposed to exploit these properties,
such as diffuse optical tomography, photacoustic tomography, and ultrasound-modulated
optical tomography. In each modality, images are typically reconstructed by solution of
a model based inverse problem. The Radiative Transport Equation (RTE) is the most
appropriate forward model for the propagation of light in this mesoscopic setting, however
a lack of analytical solutions and the computational cost of solving the RTE by deterministic numerical methods has thus far limited its application. Recent advances in parallel
computing permit solution of the RTE by stochastic (Monte-Carlo) techniques. In this
work we introduce the use of a stochastic forward model of light propagation as part of the
inverse problem in diffuse optical imaging. We explore the consequences of using a noisy
forward model in the inverse problem, and consider the potential computation advantages
of using low-quality estimates of projection and gradient data, as part of a regularised
iterative non-linear image reconstruction procedure.

4. Faster PET reconstruction with a stochastic primal-dual hybrid gradient
method
Matthias J. Ehrhardt, Cambridge University
Abstract. In this talk we revisit the problem of PET reconstruction with non-smooth
and convex priors. As the data fidelity term in PET is the Poisson likelihood there are
not many algorithms that can solve this problem. A very popular choice to solve this
problem is the Primal-Dual Hybrid Gradient method proposed by Chambolle and Pock.
The system matrix for clinical PET scanners is very large and cannot be stored in the
memory of most computers and thus an expensive algorithm to compute matrix vector
products has to be employed. In this talk we extend the Primal-Dual Hybrid Gradient
method to the subset setting (like in ART, Kaczmarz or OSEM). By choosing subsets
randomly we can prove that the algorithm is convergent for all sensible random subset
selections. Examples based on synthetic and real data show that it is much faster (in
terms of actual time) than the standard Primal-Dual Hybrid Gradient method.
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M7-1: Super-resolution in imaging and inverse problems (Part I)
Scheduled: Parallel Session TBA
Organizers: Habib Ammari, ETH-Zürich

Weiyu Xu, University of Iowa
Hai Zhang, Hong Kong University of Science and Technology
Description: The mini-symposium intends to bring together researchers in the related fields to
discuss the following aspects of super-resolution: the physical mechanism of superresolution or super-focusing, the mathematical analysis and theory of super-resolution
in inverse problems, and the methods of achieving super-resolved images by using advanced data processing techniques as well as physics based techniques.
Talks 1. The optical super-resolution imaging based on spatial frequency shift
details:
Xu Liu, Zhejiang University
Abstract. How to get resolution breakthrough the diffraction limit is a key problem for
long time, even though the superresolution microscopy technique had been so successful
in fluorescent imaging, but for no staining sample it still a big problem. In this talk, we
are going to present our work on sub diffraction limit imaging based on spatial frequency
shift. The basic concept and the imaging principle will be presented, the experimental
results and data analysis method will be discussed.

2. Influence of multiple scattering on the solution of inverse scattering
Xudong Chen, National University of Singapore
Abstract. This paper uses the Cramér-Rao bound (CRB) to investigate the role of
multiple scattering. The results show that multiple scattering does not always improve the
accuracy of the estimation, compared with that expected with a fictitious single scattering
model. The reason for the aforementioned conclusion is discussed. The paper also presents
a comparison between a full wave nonlinear inversion method that includes the multiple
scattering effect and the Born approximation (BA) inversion that excludes the multiple
scattering effect, given an experimental setup in which multiple scattering does exist in
nature and cannot be neglected. The results show that such a comparison cannot support
the claim that multiple scattering effect improves the resolution of the reconstruction
result.

3. Near-field imaging with far-field data
Peijun Li, Purdue University
Abstract. Using the inverse diffractive grating problem as an example, we demonstrate
how a super-resolution can be achieved stably by using far-field data. The idea is to
place a slab of a homogeneous medium with a large index of refraction above the grating
surface, and more propagating wave modes can be utilized from the far-field data which
contributes to the reconstruction resolution.
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4. Super resolution of parametric mixture models and its application in
single-molecule localization microscopy
Yuejie Chi, Ohio State University
Abstract. We consider simultaneously identifying the membership and locations of
point sources that are convolved with different band-limited point spread functions, from
the observation of their superpositions. This problem arises in three-dimensional singlemolecule localization microscopy, neural spike sorting, multi-user channel identification,
among others. We propose a novel algorithm, based on convex programming, and establish its near-optimal performance guarantee for exact recovery in the noise-free setting
by exploiting the spectral sparsity of the point source model as well as the incoherence
between point spread functions. Furthermore, robustness of the recovery algorithm in
the presence of bounded noise is also established. Practical algorithms for single-molecule
localization microscopy will also be briefly discussed with simulations using real data.
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M7-2: Super-resolution in imaging and inverse problems (Part II)
Scheduled: Parallel Session TBA
Organizers: Habib Ammari, ETH-Zürich

Weiyu Xu, University of Iowa
Hai Zhang, Hong Kong University of Science and Technology
Description: The mini-symposium intends to bring together researchers in the related fields to
discuss the following aspects of super-resolution: the physical mechanism of superresolution or super-focusing, the mathematical analysis and theory of super-resolution
in inverse problems, and the methods of achieving super-resolved images by using advanced data processing techniques as well as physics based techniques.
Talks 1. Plasmonic nanoparticles for super-resolution
details:
Matias Ruiz, École Normale Supérieure
Abstract. Plasmon resonant nanoparticles have unique capabilities of enhancing the
brightness and directivity of light, confining strong electromagnetic fields, and outcoupling of light into advantageous directions, when illuminated at the right frequency.
In the past years, the field of plasmonics has witnessed a great deal of attention because
of their increasing number of applications; among them, their instrumentation to achive
super-resolution or super-focusing. In this talk I will discuss the mathematical mechanisms
behind this phenomena and show, by analyzing the first and second order polarization
tensor of a system of two close to touching "plasmonic particle - non plasmonic particle",
that information on the former can be obtained, even when its size is smaller than the
diffraction limit.

2. Super-resolution in imaging high contrast targets from the perspective
of scattering coefficients
Yat Tin Chow, University of California, Los Angeles
Abstract. In this talk, we are concerned with an acoustic / transverse electric (TE)
/ transverse magnetic (TM) inverse scattering problem, and mathematically analyze the
experimentally- observed phenomenon of super-resolution in imaging high-contrast targets based on the con- cept of scattering coefficient. First we briefly introduce the notion
of scattering coefficients for heterogeneous media and analyse this entity to help us understand the exponential ill- posedness of the problem at a fixed frequncy. Then, based on this
novel concept of scattering coefficients, sensitivity and resolution analysis are performed
to mathematically assess the reconstruction quality, and justify the super-resolution phenomenon in imaging some high contrast targets. We illustrate our main findings with a
variety of numerical examples. These findings may help in developing resonant structures
for resolution enhancement. This talk is based on joint works with Habib Ammari (ETH)
and Jun Zou (CUHK).

3. Mathematical analysis of ultrafast ultrasound imaging
Giovanni S Alberti, ETH-Zürich
Abstract. In this talk, based on joint work with H. Ammari, F. Romero and T. Wintz,
I will discuss a few mathematical aspects related to the analysis of ultrafast ultrasound
imaging. In particular, I will describe how to successfully perform blood flow imaging by
using an SVD decomposition of the data and present the route towards super-resolution.
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4. Phaseless super-resolution in the continuous domain
Weiyu Xu, University of Iowa
Abstract. Phaseless super-resolution refers to the problem of superresolving a signal
from only its low-frequency Fourier magnitude measurements. In this paper, we consider
the phaseless super-resolution problem of recovering a sum of sparse Dirac delta functions
which can be located anywhere in the continuous time-domain. For such signals in the
continuous domain, we propose a novel Semidefinite Programming (SDP) based signal
recovery method to achieve the phaseless superresolution. This work extends the recent
work of Jaganathan et al. [1], which considered phaseless super-resolution for discrete
signals on the grid.
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M7-3: Super-resolution in imaging and inverse problems (Part III)
Scheduled: Parallel Session TBA
Organizers: Habib Ammari, ETH-Zürich

Weiyu Xu, University of Iowa
Hai Zhang, Hong Kong University of Science and Technology
Description: The mini-symposium intends to bring together researchers in the related fields to
discuss the following aspects of super-resolution: the physical mechanism of superresolution or super-focusing, the mathematical analysis and theory of super-resolution
in inverse problems, and the methods of achieving super-resolved images by using advanced data processing techniques as well as physics based techniques.
Talks 1. Super-resolution imaging of FRI signals using annihilating filter-based
details:
low-rank Hankel matrix approach
Jong Chul Ye, Korea Advanced Institute of Science and Technology
Abstract. The recent theory of annihilating filter-based low-rank Hankel matrix approach (ALOHA) converts a continuous domain compressed sensing problems to a measurement domain interpolation problem, after which the underlying continuous domain
signals is recovered using matrix pencil approaches. Most notably, ALOHA can be regarded as a generalization of recent spectral compressed sensing to recover large class of
finite rate of innovations (FRI) signals. Using the powerful dual certificates and golfing
scheme, we show that the new framework achieves near-optimal sampling rate for general
class of FRI signal recovery. Moreover, in case of retrieving spikes in the continuum, the
minimum separation condition in Candes, Fernandez-Granda, and Tang can be also reproduced. Interestingly, the minimum separation required in ALOHA is a soft constraint
in terms of mutual coherence. This clearly demonstrates the advantage over the existing
works of Candes, Fernandez-Granda, and Tang that requires the minimum separation as
a hard constraint.

2. Subspace methods for super-resolution
Wenjing Liao, Johns Hopkins University
Abstract. We consider the spectral estimation problem of finding point-like frequencies
of a signal from its samples in the time domain. I will present the subspace methods, in
particular, the MUltiple SIgnal Classification (MUSIC) algorithm, and give performance
guarantees for the reconstruction of frequencies on a continuous domain. We have proved
the stability of MUSIC for well-separated frequencies. In imaging super-resolution refers
to the capability of resolving frequencies separated below the classical resolution limit.
The super-resolution of MUSIC has been recognized by experience. We will provide
numerical experiments and theoretical justifications to show that the noise tolerance of
MUSIC follows a power law with respect to the minimum separation of the frequencies.
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3. Mathematics of super-resolution in resonant media
Hai Zhang, Hong Kong University of Science and Technology
Abstract. We develop a mathematical theory to explain the mechanism of superresolution in resonant media which consists of sub-wavelength resonators. Examples includes: Helmholtz resonators, plasmonic particles, and bubbles. For the media consists of
small finite number of resonators, we show that super-resolution is due to sub-wavelength
propagating modes; for the case of large number of resonators, we derive an effective media theory and show that super-resolution is due to the effective high contrast in the wave
speed.
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M8-1: Plasmonic resonances and its applications in imaging (Part I)
Scheduled: Parallel Session TBA
Organizers: Junshan Lin, Auburn University

Hai Zhang, Hong Kong University of Science and Technology
Description: Plasmonics are the resonant interaction of light with the free electrons of a noble
metal, which induces enhanced optical field of subwavelength dimension. This remarkable physical phenomenon can lead to potentially significant applications in biological and chemical sensing, biomedical imaging, and near-field spectroscopy, etc. This
mini-symposium seeks to bring together researchers to promote exchange of ideas,
and present recent developments on mathematical analysis, numerical modeling, and
experimental design of plasmonic resonances and plasmonic interactions, and their applications in imaging.
Talks 1. The spectral theory of the Neumann-Poincare operator and plasmon
details:
resonance
Hyeonbae Kang, Inha University
Abstract. On the surface of dielectric materials with the negative dielectric constant a
resonance occurs. This resonance is called the surface plasmon resonance and is underlying
physical phenomenon of important imaging modalities such as SERS (surface enhanced
Raman spectroscopy). It turns out that the Plasmon resonance is closely related to the
spectrum of the Neumann-Poincare (NP) operator defined on the surface. In this talk I will
explain the connection of the plasmon resonance and the spectrum of the NP operator and
review recent development in the spectral theory of the NP operator. The NP spectrum
is also closely related to the anomalous localized resonance which attracts much attention
in connection with the invisibility cloaking. I will explain this as well.

2. Numerical determination of inclusions in multifrequency electrical
impedance tomography
Chun-Hsiang Tsou, Université Grenoble-Alpes
Abstract. The multifrequency electrical impedance tomography consists in retrieving
the conductivity distribution of a sample by injecting a finite number of currents with
multiple frequencies. In the talk we consider the case where the conductivity distribution
is piecewise constant: takes a constant value outside a single smooth inclusion, and a
frequency dependent function inside the inclusion itself. Using an original spectral decomposition of the solution of the forward conductivity problem in terms of Poincaré
variational eigenelements, we retrieve the Cauchy data corresponding to the extreme case
of a perfect conductor, and the conductivity profile. We then reconstruct the inclusion
from the these Cauchy data. The numerical experiments are conducted using gradient
descent optimization algorithms.
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3. Plasmonic interaction between nanospheres
Sanghyeon Yu, ETH-Zürich
Abstract. When metallic (or plasmonic) nanospheres are nearly touching, strong concentration of light can occur in the narrow gap regions. This phenomenon has a potential
application in nanophotonics, biosensing and spectroscopy. The understanding of the
strong interaction between the plasmonic spheres turns out to be quite challenging. Indeed, an extremely high computational cost is required to compute the electromagnetic
field. Also, the classical method of image charges, which is effective for dielectric spheres
system, is not valid for plasmonic spheres because of their negative permittivities. In
our work, we develop new analytical and numerical methods for the plasmonic spheres
system by clarifying the connection between transformation optics and the method of
image charges. We derive fully analytic solutions valid for two plasmonic spheres. We
then develop a hybrid numerical scheme for computing the field distribution produced by
an arbitrary number of spheres. Our method is highly efficient and accurate even in the
nearly touching case and is valid for plasmonic spheres. This is a joint work with Prof.
Habib Ammari (ETH Zurich).

4. Shape and size dependance of plasmonic resonnance of metallic nanoparticles
Pierre Millien, École Polytechnique Fédérale de Lausanne
Abstract. TBA
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M8-2: Plasmonic resonances and its applications in imaging (Part II)
Scheduled: Parallel Session TBA
Organizers: Junshan Lin, Auburn University

Hai Zhang, Hong Kong University of Science and Technology
Description: Plasmonics are the resonant interaction of light with the free electrons of a noble
metal, which induces enhanced optical field of subwavelength dimension. This remarkable physical phenomenon can lead to potentially significant applications in biological and chemical sensing, biomedical imaging, and near-field spectroscopy, etc. This
mini-symposium seeks to bring together researchers to promote exchange of ideas,
and present recent developments on mathematical analysis, numerical modeling, and
experimental design of plasmonic resonances and plasmonic interactions, and their applications in imaging.
Talks 1. Multiscale modeling and computation of optically manipulated nano
details:
devices
Di Liu, Michigan State University
Abstract. We present a multiscale modeling and computational scheme for opticalmechanical responses of nanostructures. The multi-physical nature of the problem is
a result of the interaction between the electromagnetic (EM) field, the molecular motion, and the electronic excitation. To balance accuracy and complexity, we adopt the
semi-classical approach that the EM field is described classically by the Maxwell equations, and the charged particles follow the Schröidnger equations quantum mechanically.
To overcome the numerical challenge of solving the high dimensional multi-component
many- body Schrödinger equations, we further simplify the model with the Ehrenfest
molecular dynamics to determine the motion of the nuclei, and use the Time-Dependent
Current Density Functional Theory (TD-CDFT) to calculate the excitation of the electrons. This leads to a system of coupled equations that computes the electromagnetic
field, the nuclear positions, and the electronic current and charge densities simultaneously. In the regime of linear responses, the resonant frequencies initiating the out-ofequilibrium optical-mechanical responses can be formulated as an eigenvalue problem. A
self-consistent multiscale method is designed to deal with the well separated space scales.
The isomerization of Azobenzene is presented as a numerical example.
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2. Perturbation theory for bound states in the continuum on periodic
structures
Yayan Lu, City University of Hong Kong
Abstract. On periodic structures sandwiched between two homogeneous media, there
could be special guided modes with their frequencies in the frequency interval where
outgoing radiation modes exist, and they are examples of bound states in the continuum
(BICs). Some of the well-known BICs exist because of a symmetry incompatibility with
the radiation modes. However, there are also BICs which have compatible symmetry
with the radiation modes and they are often labeled as "unprotected by symmetry".
BICs "unprotected by symmetry" have recently attracted much attention, due to the
experimental observation on photonic crystal slabs and their potential applications. It has
been observed that those BICs "unprotected by symmetry" actually depend strongly on
the symmetry of the structure. In this talk, we present a perturbation theory which shows
that these BICs in general continue to exist if the perturbation retains the symmetry,
and they disappear if the perturbation breaks the symmetry. Therefore, those BICs
are actually implicitly protected by symmetry. This is a joint work with Lijun Yuan of
Chongqing Technology and Business University.

3. Spectrum of the Neumann-Poincare operator for domains with corners
Eric Bonnetier, Université de Grenoble I (Joseph Fourier)
Abstract. TBA

4. Complex optimization for big computational and experimental neutron
datasets
Feng Bao, The University of Tennessee at Chattanooga
Abstract. We present a framework to use high performance computing to determine
accurate solutions to the inverse optimization problem of big experimental data against
computational models. We demonstrate how image processing, mathematical regularization, and hierarchical modeling can be used to solve complex optimization problems on
big data. We also demonstrate how both model and data information can be used to
further increase solution accuracy of optimization by providing confidence regions for the
processing and regularization algorithms. We use the framework in conjunction with the
software package SIMPHONIES to analyze results from neutron scattering experiments
on silicon single crystals, and refine first principles calculations to better describe the
experimental data.
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M9: Statistical inverse problems and parameter choice
Scheduled: Parallel Session TBA
Organizers: Housen Li, National University of Defense Technology

Frank Werner, Max Planck Institute for Biophysical Chemistry
Description: Several applied inverse problems are truely statistical by nature. A widely accepted
relation is given by the nature of the measurement error. But futhermore the underlying
model may make extensive use of statistics in form of the random nature of the problem.
This is for example the case in fluorescence microscopy, MRI or inverse problems in
finance as option pricing. In this minisymposium we want to discuss recent advances
in the regularization theory of statistical inverse problems, corresponding a posteriori
parameter choice rules, and applications.
Talks 1. Balancing principle in supervised learning for a general regularization
details:
scheme
Sergei V. Pereverzyev, Johann Radon Institute for Computational and Applied Mathematics
Abstract. We discuss the parameter choice in learning algorithms generated by general
regularization scheme. In contrast to classical deterministic regularization, the performance of regularized learning algorithms is influenced not only by the smoothness of a
target function, but also by the capacity of a regularization space. In supervised learning both the smoothness and the capacity are intrinsically unknown. Therefore, we are
interested in a posteriori regularization parameter choice rules and propose a new form
of the balancing principle. We provide the analysis of the proposed rule and demonstrate
its advantages in simulations. This is joint research with Peter Mathe (WIAS-Berlin) and
Shuai Lu (Fudan University, Shanghai).

2. Filter based methods for statistical linear inverse problems
Shuai Lu, Fudan University
Abstract. Ill-posed inverse problems are ubiquitous in applications. Understanding of
algorithms for their solution has been greatly enhanced by a deep understanding of the
linear inverse problem. In the applied communities ensemble-based filtering methods have
recently been used to solve inverse problems by introducing an artificial dynamical system.
This opens up the possibility of using a range of other filtering methods, such as 3DVAR
and Kalman based methods, to solve inverse problems, again by introducing an artificial
dynamical system. The aim of this talk is to analyze such methods in the context of
the ill-posed linear inverse problem. Statistical linear inverse problems are studied in the
sense that the observational noise is assumed to be derived via realization of a Gaussian
random variable. We investigate the asymptotic behavior of filter based methods for
these statistical linear inverse problems. Rigorous convergence rates are established for
3DVAR and for the Kalman filters, including minimax rates in some instances. Blowup
of 3DVAR and its variant form is also presented, and optimality of the Kalman filter
is discussed. These analyses reveal close connection between (iterative) regularization
schemes in deterministic inverse problems and filter based methods in data assimilation.
It is a joint work with Dr. M. A. Iglesias (U. of Nottingham, UK), Dr. K. Lin (Fudan U.,
China) and Prof. A. M. Stuart (Caltech, USA).
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3. Empirical risk minimization as parameter choice rule for general linear
regularization methods
Housen Li, National University of Defense Technology
Abstract. We consider a-posteriori parameter choice rules for filter based linear regularization methods in the statistical inverse problem setting. In particular, we investigate
the choice of the regularization parameter by minimizing an unbiased estimate of the predictive risk. This parameter choice rule and its usage are well-known in the literature, but
oracle inequalities and optimality results in this general setting are unknown. We prove a
(generalized) oracle inequality, which relates the direct risk with the minimal prediction
risk. From this oracle inequality, we are then able to conclude that the filter based regularization methods with the investigated parameter choice rule achieve the convergence
rates of optimal order with respect to the mean integrated squared error. Finally, we also
present numerical simulations, which support the order optimality of the method and the
quality of the parameter choice in finite sample situations. This is joint work with Frank
Werner (Max Planck Institute for Biophysical Chemistry, Germany).

4. Multiscale Poisson photonic imaging: from scanning to reconstruction
Claudia König, University of Göttingen
Abstract. Photonic imaging amounts to an inverse problem with Poisson data. To
recover the image we discuss and analyze a particular class of constraint variational regularization estimators (Frick et al. 2012, Frick et al. 2013), which can be viewed as a
multiscale generalization of the Dantzig selector (Candes & Tao 2007). The side constraint
combines local log-likelihood ratio tests in a multiscale fashion. Statistical inference for
the resulting reconstruction requires controlling the family wise error of this constraint.
Its asymptotic distributional behavior is well understood in many cases, e.g. for Gaussian regression (e.g. Dümbgen & Spokoiny 2001). The Poisson model turns out to be
substantially different which will be discussed in this talk. A limit theorem over a range
of scales and probabilistic bounds will be presented which can be used to provide the
resulting reconstructions with a smoothness guarantee, i.e. confidence statements on its
smoothness measured in the underlying variational functional, e.g. TV norm. A specific
advantage of the considered approach is that the only parameter to be specified by the
user is the confidence level, which has a clear statistical interpretation. Besides this, no
tuning parameters are involved. Algorithmic issues are briefly addressed and performance
of the method is demonstrated on experimental data from nanoscale superresolution cell
microscopy. This talk is joint work with Axel Munk (University of Göttingen, Germany)
and Frank Werner (Max Planck Institute for Biophysical Chemistry, Germany).
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M10-1: Control of distributed parameter and stochastic systems (Part I)
Scheduled: Parallel Session TBA
Organizers: Xu Zhang, Sichuan University

Qi Lü, Sichuan University
Description: The main purpose is to build an opportunity to share recent results, ideas and projects
related to the control theory of distributed parameter and stochastic systems.
Talks 1. Representation of Asymptotic Values for Nonexpansive Stochastic Condetails:
trol Systems
Juan Li, Shandong University, Weihai
Abstract. We will study the limit behavior of the Abel mean 𝜆𝑉𝜆 (𝑥) which is introduced
by BSDE as the discount factor 𝜆 tends to zero. We show that the family of functions
{𝜆𝑉𝜆 (𝑥)}𝜆 is equicontinuous and equibounded under appropriate conditions. And we
characterize the limit value of 𝜆𝑉𝜆 (𝑥). It’s based on a joint work with Nana Zhao.

2. Adaptive control of nonlinear uncertain discrete-time systems
Chanyin Li, Chinese Academy of Sciences
Abstract. This talk is concerned with the adaptive control of nonlinear uncertain
systems in discrete time. An interesting phenomenon occurs when one attempts to control
systems with output nonlinearity growing faster than linearity, where similarities between
the continuous- and discrete-time cases of adaptive control no longer exist. It is generally
known that a large class of continuous-time nonlinear parametric systems, regardless
of how fast the growth rate is, can be globally stabilized by the nonlinear damping or
back-stepping approach in adaptive control. However, fundamental difficulties arise for
the discrete-time case. These difficulties are caused by the inherent limitations of the
feedback principle in dealing with uncertainties, which means that discrete-time systems
with uncertainties beyond the feedback capability cannot be stabilized by any feedback
control law, no matter how hard one may try.

3. Non-zero sum stochastic differential game of BSDE with asymmetric
information
Guangchen Wang, Shandong University
Abstract. In this talk, we introduce a non-zero sum stochastic differential game driven
by BSDE, where the information available to the players is allowed to be asymmetric. A
maximum principle as well as a verification theorem for Nash equilibrium point is derived.
Some concrete examples including a financial one are solved explicitly. This talk is based
on the recent works Wang and Yu (Automatica 2012), Wang, Xiao and Xiong (arXiv
2017).
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M10-2: Control of distributed parameter and stochastic systems (Part II)
Scheduled: Parallel Session TBA
Organizers: Xu Zhang, Sichuan University

Qi Lü, Sichuan University
Description: The main purpose is to build an opportunity to share recent results, ideas and projects
related to the control theory of distributed parameter and stochastic systems.
Talks 1. Bang-bang property of time optimal null controls for some semilinear
details:
heat equation
Lijuan Wang, Wuhan University
Abstract. In this work, we derive a bang-bang property of a kind of time optimal control
problem for some semilinear heat equation on bounded 𝐶 2 domains (of the Euclidean
space), with homogeneous Dirichlet boundary condition and controls distributed on an
open and nonempty subset of the domain where the equation evolves. (This is a joint
work with Dr. Qishu Yan).

2. Stabilization of wave equations with dynamical boundary conditions
Xiaoyu Fu, Sichuan University
Abstract. In this talk, we will discuss decay properties of solutions to wave equations
in a bounded domain with dynamical boundary conditions. When the Geometric Control
Condition on the dissipative region is not satisfied, we show that sufficiently smooth
solutions to the equations decay logarithmically.

3. Stochastic linear quadratic problem and operator-valued backward
stochastic Riccati equations
Qi Lü, Sichuan University
Abstract. In this talk, we discuss the relation between the existence of optimal feedback
control operator for stochastic linear quadratic problem for controlled stochastic evolution
equations and solvability of operator-valued backward stochastic Riccati equation. Some
examples of stochastic linear quadratic problem for controlled stochastic partial differential
equations are given. This is a joint work with Xu Zhang.
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M11-1: Modern regularization techniques in data-based learning (Part I)
Scheduled: Parallel Session TBA
Organizers: Sergei V. Pereverzyev, Johann Radon Institute for Computational and Applied Mathematics

Ding-Xuan Zhou, City University of Hong Kong
Description: Learning theory has a long tradition of using regularization methods for constructing
and analyzing learning algorithms. Close cooperation of the researchers working in
learning and regularization theories was resulted in a series of interesting and important findings that were presented in the corresponding joint mini-symposia organized
under the umbrellas of AIP-conferences starting at least from 2005. At the same time,
new challenges in data-based learning call for attention of learning and regularization communities. Among these challenges are Learning from the so-called Big Data,
Manifold learning, multitasks and multiple kernel learning. Organizing a new minisymposium on interactions between Regularization and Learning at AIP-2017 we are
aiming at providing an opportunity for the experts from both fields to present their
achievements and discuss "hot" topics of the future cooperation.
Talks 1. Online regularized learning with pairwise loss functions
details:
Yiming Ying, State University of New York at Albany
Abstract. Learning algorithms with pairwise loss functions in the batch setting attract
much attention recently due to the scalability to big data. However, there is little theoretical work on analyzing them. We consider such algorithms based on regularization
schemes in RKHS and establish the convergence of the last iterate of the online algorithm
under very weak assumptions on the step sizes and derive satisfactory convergence rates
for polynomially decaying step sizes by using Rademacher complexities. Since pairwise
learning involves pairs of examples, which are no longer i.i.d., standard techniques do not
apply here, and our results are non-trivial.

2. On qualitative robustness of statistical machine learning with kernels
Andreas Christmann, University of Bayreuth
Abstract. In machine learning universal consistency and statistical robustness are main
goals for algorithms. For big data it is almost impossible to identify all outliers in advance
and small model violations are very common. Therefore the automatic predictions made
by learning algorithms should depend continuously on data and on the underlying probability measure. We show that a broad class of kernel-based regularized learning methods
are qualitatively robust if the combination of Lipschitzian loss function and bounded
continuous kernel is considered. Even the empirical bootstrap is qualitatively robust, if
input and output spaces are compact. Examples include SVMs and kernel-based pairwise
learning.
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3. Deformed Laplacians and manifold learning
Michael Fanuel, Katholieke Universiteit Leuven
Abstract. Several combinatorial Laplacians have been used in data based learning in
the past years. In particular, the combinatorial Laplacian has been used for instance in
order to regularize semi-supervised learning problems in the context of manifold learning.
Various other Laplacians with different features can be constructed, such as, for example,
the Connection Laplacian or the signed Laplacian. In this talk, a generalization of existing
discrete Laplacians will be discussed from the theoretical viewpoint. Furthermore, we
will mention applications of these deformed Laplacians for data visualization, community
detection and ranking from pairwise comparisons.

4. Regularization by the linear functional strategy with multiple kernels
Pavlo Tkachenko, Johann Radon Institute for Computational and Applied Mathematics
Abstract. The choice of the kernel is the challenging and central problem of kernel
based supervised learning. Recent applications have shown that using multiple kernels
instead of a single one we can enhance the interpretability of the learned function and
improve performances. However, a comparison of existing MKL-algorithms shows that
though there may not be large differences in terms of accuracy, there is difference between
MKL-algorithms in complexity as given by the training time. In this talk we present a
promising approach for training the MKL-machine by the linear functional strategy, which
is much faster than previously known ones.
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M11-2: Modern regularization techniques in data-based learning (Part II)
Scheduled: Parallel Session TBA
Organizers: Sergei V. Pereverzyev, Johann Radon Institute for Computational and Applied Mathematics

Ding-Xuan Zhou, City University of Hong Kong
Description: Learning theory has a long tradition of using regularization methods for constructing
and analyzing learning algorithms. Close cooperation of the researchers working in
learning and regularization theories was resulted in a series of interesting and important findings that were presented in the corresponding joint mini-symposia organized
under the umbrellas of AIP-conferences starting at least from 2005. At the same time,
new challenges in data-based learning call for attention of learning and regularization communities. Among these challenges are Learning from the so-called Big Data,
Manifold learning, multitasks and multiple kernel learning. Organizing a new minisymposium on interactions between Regularization and Learning at AIP-2017 we are
aiming at providing an opportunity for the experts from both fields to present their
achievements and discuss "hot" topics of the future cooperation.
Talks 1. From inverse problems to machine learning
details:
Lorenzo Rosasco, Massachusetts Institute of Technology
Abstract. In this talk, we will first review the tight connection between inverse problem
and statistical machine learning. Then, we will discuss our recent results showing how
a new class of stochastic projection regularization schemes can provably achieve optimal
learning rates, while allowing to learn efficiently from data-sets with millions of points.

2. Distributed learning
Ding-Xuan Zhou, City University of Hong Kong
Abstract. Distributed learning is a method to handle big data. It is based on a
divide-and-conquer approach and consists of three steps: first we divide over-sized data
into subsets and each data subset is distributed to one individual machine; then each
machine processes the distributed data subset to produce one output; finally the outputs
from individual machines are combined to generate an output of the distributed learning
algorithm. It is expected that the distributed learning algorithm can perform as efficiently
as one big machine which could process the whole oversized data.

3. Optimal rates for coefficient-based regularized regression
Lei Shi, Fudan University
Abstract. In this talk, we consider the regression problem by learning with a coefficientbased regularization scheme in a data dependent hypothesis space generated by a kernel
function. Compared with the classical kernel ridge regression (KRR), the algorithm under
consideration does not require the kernel to be positive semi-definite and hence provides
a simple paradigm for designing indefinite kernel methods. Another important feature of
this algorithm is that, it can improve the saturation effect suffered by KRR. Moreover,
we present nice error bounds and optimal learning rates for this algorithm by means of a
novel integral operator approach.
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4. Analysis and applications of regularization kernel machines
Qiang Wu, Middle Tennessee State University
Abstract. We consider several types of regularization methods for kernel machines. We
discuss their impact on the learning performance and the difficulties they bring to the
analysis. Our analyses also motivate new algorithms for some particular applications.
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M12-1: Numerical methods for inverse scattering problems
Scheduled: Parallel Session TBA
Organizers: Xudong Chen, National University of Singapore

Xiuzhu Ye, Beihang University
Description: The mini-symposium intends to bring together leading experts working in numerical
methods for inverse scattering problems and to discuss recent developments and new
challenges in this fascinating field. The main theme of the mini-symposium focuses on
numerical algorithms for solving inverse scattering problems, for electromagnetic and
acoustic waves.
Talks 1. A direct imaging method for inverse scattering problem by unbounded
details:
rough surfaces: the case of incident point sources
Haiwen Zhang, Chinese Academy of Sciences
Abstract. In this talk, we consider the inverse acoustic scattering problems by an unbounded rough surface. A direct imaging method is proposed to reconstruct the rough
surfaces from Cauchy data of scattered-field for incident point sources and the performance analysis is also presented. The reconstruction method is very robust to noises of
measured data and works for penetrable surfaces and impenetrable surfaces with Dirichlet or impedance boundary conditions. Finally, numerical examples are carried out to
illustrate that our method is fast, accurate and stable even for the case of multiple-scale
profiles.

2. Multi-frequency topological derivative strategy for imaging of twodimensional perfectly conducting, arc-like crack
Won-Kwang Park, Kookmin University
Abstract. This presentation concerns a fast, one-step iterative imaging technique of
extended perfectly conducting arc-like crack with Dirichlet boundary condition. In order
to retrieve the shape of crack from scattered field data measured at the boundary, we consider topological derivative-based imaging function operated at several frequencies. The
structure of the imaging functional is carefully analyzed for the configurations of both
symmetric and non-symmetric incident field directions. Identified structure explains why
the application of incident fields with symmetric direction operated at multiple frequencies guarantees a successful reconstruction. Results of several numerical simulations are
exhibited to assess the imaging performance.

3. Application of the multiplicative regularization scheme to electrical
impedance tomography
Maokun Li, Tsinghua University
Abstract. In this work, we applied the multiplicative regularization scheme to electrical
impedance tomography problems with the application to chest imaging. This scheme
constructs a cost function that is a multiplication of a weighted data misfit function and
a regularization term. It allows an automatic balance between data misfit and strength of
regularization and can also suppress noise intrinsically. We applied the weighted L2-norm
regularization in this regularization. The weighted L2-norm regularization has the edgepreserving feature. The reconstructed images show good piecewise constant characteristics
and good noise performance of this kind of regularization. The work is in collaboration
with Ke Zhang and Aria Abubakar.
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4. Inverse scattering method in reconstructing different boundary conditions
Xiuzhu Ye, Beihang University
Abstract. This talk introduces the inversion methods to identify and reconstruct scatterers with different boundary conditions. Firstly the inversion method to reconstruct
scatterers with Dirichlet boundary alone is introduced. Secondly, the inversion method
to reconstruct both Dirichlet and Transmission boundary conditions is further developed.
Finally, the inversion method is extended to reconstruct scatterers with four boundary
conditions such as Dirichlet, Neumann, Robin, and transmission boundaries. The forward
scattering of mixed scatterers is modeled by a unified framework of T-matrix method,
while the objective function considered in the inverse problem is solved by a subspacebased optimization method. The unknowns are T-matrix coefficients, from which the
types of boundary conditions of scatterers are identified. Numerical examples show that
this method is able to recover not only the shapes of scatterers but also their physical
properties and parameters.
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M13-1: Recent progress in regularization methods (Part I)
Scheduled: Parallel Session TBA
Organizers: Bangti Jin, University College London

Qinian Jin, Australian National University
Xiliang Lu, Wuhan University
Description: In order to obtain stable approximate solutions for inverse problems, regularization
techniques are required to penalize the inherent ill-posedness. Although the regularization theory has been made tremendous progress in recent years, there are still many
challenging questions when inverse problems are regularized in Banach spaces using
general regularization/data misfit terms. These includes the numerical implementation, the choice of the regularization parameter or the stopping index, convergence,
convergence rates, and so on. In this minisymposium, we want to bring together experts in this field to discuss about new results in the analysis and numerics of ill-posed
inverse problems with applications in sciences, engineering and imaging.
Talks 1. Convergence rates for l1-regularization without injectivity-type assumpdetails:
tions
Jens Flemming, Technical University of Chemnitz
Abstract. To prove convergence rates for ℓ1 -regularization in infinite-dimensional spaces
usually injectivity-type assumptions on the linear operator are required. Especially finite
basis injectivity or the restricted isometry property are used. In the talk we present a
technique to avoid such injectivity-type assumptions while obtaining the same convergence
rates as with injective operators.

2. A modified coupled complex boundary method for an inverse chromatography problem
Rongfang Gong, Nanjing University of Aeronautics and Astronautics
Abstract. Adsorption isotherms are the most important parameters in rigorous models
of chromatographic processes. In this paper, in order to recover adsorption isotherms,
we consider a coupled complex boundary method (CCBM), which is proposed to solve
inverse source problem in [Xiaoliang Cheng, Rongfang Gong, Weimin Han and Xuan
Zheng, A novel coupled complex boundary method for inverse source problems, Inverse
problem 2014 30 055002 ]. With the CCBM, the original boundary fitting problem is
transferred to a domain fitting problem. Thus this method has advantages on robustness and computation in reconstruction. In contrast to the traditional CCBM, for the
sake of the reduction of computational complexity and computational cost, the recovered
adsorption isotherm is only corresponding to the real part of the solution of a forward
complex boundary value problem. Furthermore, we take into account the position of the
profiles and apply the momentum criterion to improve the optimization progress. Using
Tikhonov regularization, the well-posedness, convergence property and regularization parameter selection method are studied. Based on adjoint technique, we derive the exact
Jacobian of the objective function. Finally, numerical simulations are given to show the
feasibility and efficiency of the proposed regularization method. This is a joint work with
Xiaoliang Cheng, Guangliang Lin of Zhejiang University, Ye Zhang, Marten Gulliksson of
Orebro Univerity, Patrik Forssen and Torgny Fornstedt of Karlstad University.
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3. Inverse problems incorporating tolerances
Phil Gralla, University of Bremen
Abstract. Tikhonov functionals for solving inverse problems consist of a discrepancy
and a penalty term. The discrepancy term evaluates the deviation of the operator evaluation from the measured data. We propose to adjust the discrepancy term by incorporating
a tolerance measure, which neglects deviations from the data within a prescribed tolerance. This is motivated, e.g., by applications where multiple measurements of the same
object are available. Thus providing a confidence area for the true data. In this talk we
provide first analytic results concerning existence, uniqueness and convergence properties
of minimizers for this type of Tikhonov functions incorporating tolerance.

4. Variational formulations of inverse problems and their regularization
Barbara Kaltenbacher, University of Klagenfurt
Abstract. Motivated by the well-known variational approach to electrical impedance
tomography EIT proposed and investigated by Kohn and Vogelius (1987), Kohn and
McKenny (1990) and Knowles (1998), our intention is on one hand to consider and analyze regularized versions of this approach and on the other hand to extend this variational approach to a general framework avoiding the theoretical and numerical use of
a parameter-to-state map. After presenting convergence results for this general framework we will come back to the original EIT problem and show applicability of the developed theory to this problem, as well as numerical results based on the iterative use
of a highly efficient algorithm developed by Hungerländer and Rendl (2015) for box constrained quadratic minimization problems. We close with an outlook on applicability to
other inverse problems in electrostatics, elastostatics and electromagnetics.
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M13-2: Recent progress in regularization methods (Part II)
Scheduled: Parallel Session TBA
Organizers: Bangti Jin, University College London

Qinian Jin, Australian National University
Xiliang Lu, Wuhan University
Description: In order to obtain stable approximate solutions for inverse problems, regularization
techniques are required to penalize the inherent ill-posedness. Although the regularization theory has been made tremendous progress in recent years, there are still many
challenging questions when inverse problems are regularized in Banach spaces using
general regularization/data misfit terms. These includes the numerical implementation, the choice of the regularization parameter or the stopping index, convergence,
convergence rates, and so on. In this minisymposium, we want to bring together experts in this field to discuss about new results in the analysis and numerics of ill-posed
inverse problems with applications in sciences, engineering and imaging.
Talks 1. Randomized Kaczmarz method for linear inverse problems
details:
Xiliang Lu, Wuhan University
Abstract. In this talk we will discuss a randomized Kaczmarz method for linear inverse
problems. We will explain why randomized Kaczmarz is suitable for linear inverse problem
by providing pre-asymptotic analysis and studying the structure of some specific problems.
Numerical examples validated our analysis.

2. Complexity of linear ill-posed problems in Hilbert space
Sergei V. Pereverzyev, Johann Radon Institute of Computational and Applied Mathematics
Abstract. Information complexity of ill-posed problems may be seen as controversial.
There were pessimistic results stating that the complexity is infinite, while on the other
hand side the theory of ill-posed problems is well developed. Commonly used noise models
consider bounded deterministic noise and unbounded stochastic (Gaussian white) noise. It
is common belief that white noise makes ill-posed problems more complex than problems
under bounded noise. In this study we shed light on a rigorous complexity analysis of
ill-posed problems providing (tight) lower and upper bounds for both noise models. It
will be shown that in contrast to the deterministic case statistical ill-posed problems
have finite complexity at every prescribed error level. Joint Research with Peter Mathe
(WIAS-Berlin).
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3. A global minimization algorithm for Tikhonov functionals with
𝑝−convex (𝑝 ≥ 2) penalty terms in Banach spaces
Wei Wang, Jiaxing University
Abstract. We extend the globally convergent TIGRA method in Ramlau (2003 Inverse
Prob. 19 433-465) to regularizing a nonlinear operator equation in Banach space, the
𝑝−convex (𝑝 ≥ 2) penalty term Θ are allowed to be non-smooth to include 𝐿𝑝 − 𝐿1
or 𝐿𝑝 −TV (total variation) functionals, which are significant in reconstructing special
features of solutions such as sparsity and discontinuities. To minimizing the Tikhonovtype functional, the proposed TIGRA-Θ method uses a dual gradient descent method
in the inner iteration and linearly decreases the regularization parameter in the outer
iteration. We present the global convergence analysis under suitable parameter selections,
the convergence rate results are provided under a priori and a posteriori stopping rules,
respectively. Two numerical examples including autoconvolution problem and parameter
identification problem are presented, to illustrate the theoretic analysis and verify the
effectiveness of the method. (This is the joint work with Dr. Min Zhong (Southeast
university).

4. Characterizations of variational source conditions, converse results, and
maxisets of spectral regularization methods
Frederic Weidling, University of Göttingen
Abstract. We describe a general strategy for the verification of variational source
condition by formulating two sufficient criteria describing the smoothness of the solution
and the degree of ill-posedness of the forward operator in terms of a family of subspaces.
For linear deterministic inverse problems we show that variational source conditions are
necessary and sufficient for convergence rates slower than the square root of the noise
level. A similar result is shown for linear inverse problems with white noise. If the
forward operator can be written in terms of the functional calculus of a Laplace-Beltrami
operator, variational source conditions can be characterized by Besov spaces. This is
discussed for a number of prominent inverse problems.
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M14-1: Non-standard regularisation: theory and applications (Part I)
Scheduled: Parallel Session TBA
Organizers: Martin Benning, University of Cambridge

Carola-Bibiane Schönlieb, University of Cambridge
Description: This minisymposium aims at bringing together experts who investigate non-standard
regularisations in the context of inverse & ill-posed problems. The symposium includes
both talks that deal with theoretical aspects of novel regularisations, as well as talks
that demonstrate the superiority of non-standard regularisations compared to state-ofthe-art techniques in various applications.
Talks 1. Analytical aspects of spatially adapted total variation regularisation
details:
Kostantinos Papafitsoros, Weierstrass Institute for Applied Analysis and Stochastics
Abstract. Spatially adapted regularisation in image reconstruction has been used in
order to preserve details like texture and other highly oscillating features that are naturally
present in the image. The idea is to apply regularisation of different strength in different
parts of the image by spatially varying the regularisation parameters. To that scope, the
weighted total variation (TV) functional has been lately used as a regulariser for a variety
of imaging problems. In this talk, we will present a fine scale analytical study of the one
dimensional L2 - fidelity weighted TV minimisation model. We focus on the structure of
its solutions as well as its similarities and differences to the standard, scalar parameter
version of TV.

2. Regularisation by circular Hough transform
Joana Grah, University of Cambridge
Abstract. The Circular Hough Transform (CHT) can be traced back to a method for
line detection in images patented by Paul Hough in the 1970s. In the following decades,
the latter has been further developed and generalised to other parametrised curves such
as circles. Nowadays, the CHT is a well-established method for circle recognition and has
recently been used for mitotic cell detection in phase contrast microscopy image sequences.
In its continuous formulation, the CHT can be written as a path integral along a circle.
Applying the CHT to an edge map of an image containing a small number of circular
objects shall yield a sparse image, which motivated integration of the CHT operator in
regularisation terms. In particular, we investigate TV-type regularisers containing both
CHT and gradient operators and mixed Lp-norms, especially for 𝑝 ∈ 1, 2. Furthermore,
we seek to examine ground states related to our proposed regularisation and in addition,
we aim at exploring recently established learning techniques.
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3. Inverse scale space decomposition
Marie Foged Schmidt, Technical University of Denmark
Abstract. In this talk we study the behaviour of the inverse scale space flow for computing an approximate solution to an inverse problem. The flow is a time-continuous
version of Bregman iteration and has shown superior properties to standard regularization methods. The flow starts in the null space of the regularization functional and then
incorporates finer and finer scales depending on the regularization. We want to study the
inverse scale space flow for a specific structure of the measured data for linear inverse
problems. To define the considered structure of the data we introduce what is called generalized singular vectors. Generalized singular vectors arise from a generalization of the
concept of singular vectors of linear operators to variational frameworks. The generalized
singular vectors define a new concept of scale depending on the regularization functional.
We show that the inverse scale space flow gives a decomposition into generalized singular
vectors when the regularization functional is absolutely one-homogeneous and the data
for the inverse problem is given as the forward operator applied to a linear combination
of the singular vectors. Finally, we address and discuss the question about when the first
non-trivial solution of the inverse scale space flow is a generalized singular vector. At this
point we define what we will call dual singular vectors which may actually be a better
starting point for the structure of the data than generalized singular vectors.

4. Multiscale segmentation via Bregman distances and nonlinear spectral
analysis
Christoph Brune, University of Twente
Abstract. In biomedical imaging reliable segmentation of objects (e.g. from small cells
up to large organs) is of fundamental importance for automated medical diagnosis. New
approaches for multi-scale segmentation can considerably improve performance in case of
natural variations in intensity, size and shape. This talk aims at segmenting objects of
interest based on shape contours and automatically finding multiple objects with different
scales. The overall strategy is to combine nonlinear segmentation with scales spaces
and spectral decompositions recently introduced in literature. For this we generalize
a variational segmentation model based on total variation using Bregman distances to
construct an inverse scale space. This offers the new model to be accomplished by a scale
analysis approach based on a spectral decomposition of the total variation. As a result
we obtain a very efficient, (nearly) parameter-free multiscale segmentation method that
comes with an adaptive regularization parameter choice. The added benefit of our method
is demonstrated by systematic synthetic tests and its usage in a new biomedical toolbox
for identifying and classifying circulating tumor cells. Due to the nature of nonlinear
diffusion underlying, the mathematical concepts in this work offer promising extensions
to nonlocal classification problems. This is joint work with Leonie Zeune.
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M14-2: Non-standard regularisation: theory and applications (Part II)
Scheduled: Parallel Session TBA
Organizers: Martin Benning, University of Cambridge

Carola-Bibiane Schönlieb, University of Cambridge
Description: This minisymposium aims at bringing together experts who investigate non-standard
regularisations in the context of inverse & ill-posed problems. The symposium includes
both talks that deal with theoretical aspects of novel regularisations, as well as talks
that demonstrate the superiority of non-standard regularisations compared to state-ofthe-art techniques in various applications.
Talks 1. Innovative solution of unmixing problems by means of multi-penalty
details:
regularisation
Valeriya Naumova, Simula Research Laboratory
Abstract. Inspired by several real-life applications in audio processing and medical
image analysis, where the quantity of interest is generated by several sources to be accurately modelled and separated, as well as by recent advances in regularisation theory and
optimisation, we study the conditions on optimal support recovery in inverse problems
of unmixing type by means of multi-penalty regularisation as well as present and analyse
a numerical approach. We consider and analyse a regularisation functional composed of
a data-fidelity term, where signal and noise are additively mixed, a non-smooth, convex,
sparsity promoting term, and a quadratic penalty term to model the noise. We prove
not only that the well-established theory for sparse recovery in the single parameter case
can be translated to the multi-penalty settings, but we also demonstrate the enhanced
properties of multi-penalty regularisation in terms of support identification compared to
sole l1-minimisation. We additionally analyse the convergence of an iterative alternating
algorithm based on simple iterative thresholding steps to perform the minimisation of the
extended functional (also with a non-smooth and non-convex sparsity promoting term).
By means of this algorithm, we explore the effect of choosing different regularisation parameters and penalisation norms in terms of the quality of recovering the pure signal and
separating it from additive noise. For a given fixed noise level numerical experiments confirm a significant improvement in performance compared to standard one-parameter regularisation methods. By using high-dimensional data analysis methods such as Principal
Component Analysis, we are able to show the correct geometrical clustering of regularised
solutions around the expected solution. Eventually, for the compressive sensing problems considered in our experiments we provide a guideline for a choice of regularisation
norms and parameters. This is joint work with Markus Grasmair, Norwegian University
of Science and Technology, and Steffen Peter, Technical University of Munich.
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2. Deep regularization
Teresa Klatzer, University of Graz
Abstract. Recent works have shown that learning variational regularization is a powerful tool to obtain customized regularizers for many low-level vision applications as well as
in medical image reconstruction. In this talk, we discuss a deep variant of the regularizer
first proposed by Chen et al in the work "On Learning optimized reaction diffusion processes for effective image restoration". The regularization term in its original form can
be seen as a one layer convolutional-deconvolutional neural network with a fully trainable non-linearity, and is able to capture low-level image features. We propose to deepen
this structure using a series of convolutional and deconvolutional layers to increase the
expressive power of the regularization and capture not only edge-like low-level features
but mid- to high-level features as well. As it turns out, there is a principled way to define a deep variational regularizer where the resulting function corresponds to an energy
of the kind 𝐸(𝑢) = 𝑅𝜃(𝑢) + 𝜆𝐷(𝑢, 𝑓 ) which enables a wide field of applications. The
structure of the deep regularizer allows the formulation of arbitrarily deep regularization
terms. Furthermore, we will discuss connections of the deep variational regularizer to
recent developments in neural networks for image restoration, and explore the limits of
this architecture.

3. Learning from mistakes: adaptive regularisation from fit- and misfit
data
Martin Benning, University of Cambridge
Abstract. In the context of regularisation of ill-posed problems, we propose to extend
classes of learning algorithms of parametrised regularisations to include misfit training
data. This will ensure that both desirable and undesirable outcomes of learned regularisation strategies can influence the learning process. We will demonstrate that the newly
trained regularisations can overcome artefacts produced by conventional regularisations,
as well as artefacts produced by optimised regularisations trained without misfit data.

4. Point-spread function reconstruction in ground-based astronomy
Raymond Chan, The Chinese University of Hong Kong
Abstract. Because of atmospheric turbulence, images of objects in outer space acquired
via ground-based telescopes are usually blurry. One way to estimate the blurring kernel
or point spread function (PSF) is to make use of the aberration of wavefront received at
the telescope, i.e., the phase. However only the low-resolution wavefront gradients can
be collected by wavefront sensors. In this talk, I will discuss how to use regularization
methods to reconstruct high-resolution phase gradients and then use them to recover the
phase and the PSF in high accuracy.
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M15-1: Recent developments on computation of transmission eigenvalues
with applications (Part I)
Scheduled: Parallel Session TBA
Organizers: Jijun Liu, Southeast University

Jiguang Sun, Michigan Technological University
Description: The transmission eigenvalue problem has importance in the inverse scattering theory
for inhomogeneous media. Some potential applications motivated by these problems
have also been considered in engineering areas. Since the problem is non-self-adjoint,
numerical computation is mathematically challenging. In the past several years, increased interest is witnessed in numerical methods and applications for transmission
eigenvalues. This mini-symposium aims to bring together experts in the related areas
to present recent results, discuss new directions, and promote collaborations.
Talks 1. Non-destructive testing and interior transmission eigenvalues
details:
Andreas Kleefeld, Forschungszentrum Jülich GmbH
Abstract: The objective in non-destructive testing is to obtain a visualization of a
given three-dimensional object’s interior in order to reveal location, size, and geometry
of inhomogeneities. Interior transmission eigenvalues can be used for this task. However,
the efficient numerical calculation of the interior transmission eigenvalues is a challenging
problem due to the fact that the corresponding interior transmission problem is non-linear,
non-elliptic, and non-self-adjoint. In this talk, it is explained what interior transmission
eigenvalues are, how they can be computed to high accuracy using boundary integral
equations, and how they can be used to visualize the interior of a given object. Finally,
some open problems both from the theoretical and practical point of view are exemplified.

2. An efficient numerical algorithm for computing the positive dense spectrum of the transmission eigenvalue problem with complex media
Tiexiang Li, Southeast University
Abstract: We study a robust and efficient eigensolver for computing the positive dense
spectrum of the two-dimensional transmission eigenvalue problem (TEP) which is derived
from Maxwell’s equation with complex media in pseudo-chiral model and the transverse
magnetic mode. The discretized governing equations by the Nédélec edge element result
in a large-scale quadratic eigenvalue problem(QEP). We estimate half of the positive
eigenvalues of the QEP are on some interval which forms a dense spectrum of the quadratic
eigenvalues problem.
The quadratic Jacobi-Davidson method with a so-called non- equivalence deflation technique is proposed to compute the dense spectrum of the QEPquadratic. Intensive numerical experiments show that our proposed method makes the convergence efficiently and
robustly even it needs to compute more than 5000 desired eigenpairs. Numerical results
also illustrate that the computed eigenvalue curves can be approximated by the nonlinear
functions which can be applied to estimate the density of the eigenvalues for the TEP.
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3. A robust numerical algorithm for computing Maxwell’s transmission
eigenvalue problems
Tsung-Ming Huang, National Taiwan Normal University
Abstract: We study a robust and efficient eigensolver for computing a few smallest
positive eigenvalues of the three-dimensional Maxwell’s transmission eigenvalue problem.
The discretized governing equations by the Nédélec edge element result in a large-scale
quadratic eigenvalue problem (QEP) for which the spectrum contains many zero eigenvalues and the coefficient matrices consist of patterns in the matrix form 𝑋𝑌 −1 𝑍, both of
which prevent existing eigenvalue solvers from being efficient. To remedy these difficulties,
we rewrite the QEP as a particular nonlinear eigenvalue problem and develop a secanttype iteration, together with an indefinite locally optimal block preconditioned conjugate
gradient method (LOBPCG), to sequentially compute the desired positive eigenvalues.
Furthermore, we propose a novel method to solve the linear systems in each iteration of
LOBPCG. Intensive numerical experiments show that our proposed method is robust,
although the desired real eigenvalues are surrounded by complex eigenvalues.

4. A new interior transmission problem associated with single FloquetBloch sampling methods
Houssem Haddar, École Polytechnique
Abstract: We design and analyze a differentiel sampling method to recover the support
of a local perturbation in a periodic layer from measurements of scattered waves at a fixed
frequency. Our method is capable of directly reconstructing the geometry of the perturbation (without the need for knowing or reconstructing the background periodic media).
The related analysis is based on studying sampling methods using a single Floquet-Bloch
mode. This analysis introduces a new type of interior transmission problems that couple
usual interior transmission problems for one mode with scattering problems for the other
modes. We shall discuss and analyze this problem as well as the sampling method for
differential imaging and present some related numerical results.
Joint work with Thi-Phong Nguyen
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M15-2: Recent developments on computation of transmission eigenvalues
with applications (Part II)
Scheduled: Parallel Session TBA
Organizers: Jijun Liu, Southeast University

Jiguang Sun, Michigan Technological University
Description: The transmission eigenvalue problem has importance in the inverse scattering theory
for inhomogeneous media. Some potential applications motivated by these problems
have also been considered in engineering areas. Since the problem is non-self-adjoint,
numerical computation is mathematically challenging. In the past several years, increased interest is witnessed in numerical methods and applications for transmission
eigenvalues. This mini-symposium aims to bring together experts in the related areas
to present recent results, discuss new directions, and promote collaborations.
Talks 1. A multilevel correction method for interior transmission eigenvalue
details:
problem
Xinming Wu, Fudan University
Abstract: In this paper, we give a numerical analysis for the transmission eigenvalue
problem by the finite element method. A type of multilevel correction method is proposed
to solve the transmission eigenvalue problem. The multilevel correction method can transform the transmission eigenvalue solving in the finest finite element space to a sequence
of linear problems and some transmission eigenvalue solving in a very low dimensional
spaces. Since the main computational work is to solve the sequence of linear problems,
the multilevel correction method improves the overfull efficiency of the transmission eigenvalue solving. Some numerical examples are provided to validate the theoretical results
and the efficiency of the proposed numerical scheme.

2. Finite element discretizations and its error estimates for the Helmholtz
transmission eigenvalue problem
Yidu Yang, Guizhou Normal University
Abstract: The Helmholtz transmission eigenvalue problem is quadratic and nonselfadjoint. We use the linearization technique to transform this problem to an equivalent nonselfadjoint linear eigenvalue problem whose left-hand side term is a selfadjoint, continuous
and coercive sesquilinear form. Based on the resulting linear eigenvalue problem, we give
an 𝐻 2 conforming finite element discretization scheme, and prove the error estimates under general conditions including the index of refraction belongs to 𝐿∞ . We also apply the
Ciarlet-Raviart mixed method, non-conforming finite element methods and 𝐶 0 interior
penalty Galerkin methods to the Helmholtz transmission eigenvalue problem. Theoretical
analysis and numerical experiments show that our schemes can efficiently compute real
and complex transmission eigenvalues.
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3. Asymptotic methods for the transmission eigenvalue problem with applications
Issac Harris, Texas A&M University
Abstract. To characterize interior transmission eigenvalues of penetrable anisotropic
acoustic scattering objects we use a technique known as inside-outside duality. Under
certain conditions on the anisotropic material coefficients of the scatterer, the insideoutside duality allows to rigorously characterize interior transmission eigenvalues from
multi-frequency far field data. This theoretical characterization moreover allows to derive
a simple numerical algorithm for the approximation of interior transmission eigenvalues,
which does not require any knowledge on the scatterer or its material coefficients. We
give numerical examples to show its feasibility and accuracy for noisy data.

4. A spectral projection method for transmission eigenvalues
Fang Zeng, Chongqing University
Abstract: In this paper, we consider a nonlinear integral eigenvalue problem, which is
a reformulation of the transmission eigenvalue problem arising in the inverse scattering
theory. The boundary element method is employed for discretization, which leads to a
generalized matrix eigenvalue problem. We propose a novel method based on the spectral
projection. The method probes a given region on the complex plane using contour integrals
and decides if the region contains eigenvalue(s) or not. It is particularly suitable to test
if zero is an eigenvalue of the generalized eigenvalue problem, which in turn implies that
the associated wavenumber is a transmission eigenvalue. Effectiveness and efficiency of
the new method are demonstrated by numerical examples.
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M15-3: Recent developments on computation of transmission eigenvalues
with applications (Part III)
Scheduled: Parallel Session TBA
Organizers: Jijun Liu, Southeast University

Jiguang Sun, Michigan Technological University
Description: The transmission eigenvalue problem has importance in the inverse scattering theory
for inhomogeneous media. Some potential applications motivated by these problems
have also been considered in engineering areas. Since the problem is non-self-adjoint,
numerical computation is mathematically challenging. In the past several years, increased interest is witnessed in numerical methods and applications for transmission
eigenvalues. This mini-symposium aims to bring together experts in the related areas
to present recent results, discuss new directions, and promote collaborations.
Talks 1. A full multigrid method for transmission eigenvalue problems
details:
Hehu Xie, Chinese Academy of Sciences
Abstract: In this talk, we will present a type of full multigrid method for the transmission eigenvalue problems. In the method, the solution of transmission eigenvalue can
be replaced by the solution of the biharmonic equations in the sequence of finite element
spaces and the solution of transmission eigenvalue problems in a very low dimensional
spaces. We will give the numerical method, the theoretical analysis and some numerical
examples.

2. Existence and asymptotics of the special transmission eigenvalues and
the related inverse spectral problems
Xiao-Chuan Xu, Nanjing University of Science and Technology
Abstract: TThe interior transmission eigenvalue problem for a spherically stratified
medium is investigated. We survey some of the highlights of the associated direct spectral problems, with emphasis on the existence and asymptotic distribution of the special
transmission eigenvalues (real and non-real), for which the corresponding eigenfunctions
are also spherically symmetric. As an application of the asymptotic distribution of these
special transmission eigenvalues, we show some results for the inverse spectral problems

3. Recursive integral method for the transmission eigenvalue problem
Xia Ji, Chinese Academy of Sciences
Abstract: In this talk, we propose a robust numerical method to compute complex
and real eigenvalues of a non-linear non-self-adjoint transmission eigenvalue problem.
Based on a fourth order formulation, we obtain a quadratic eigenvalue problem. The
non-conforming Morley element is used for discretization, leading to a quadratic matrix
eigenvalue problem. Then we propose to use a recursive integral method to compute the
eigenvalues in prescribed regions on the complex plane. Numerical examples are presented
to validate the effectiveness of the proposed method.
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4. Spectral analysis of the interior transmission problem for Maxwell’s
equations
Shixu Meng, IMA, University of Minnesota
Abstract: We consider the transmission eigenvalue problem for Maxwell’s equations
corresponding to non-magnetic inhomogeneities with contrast in electric permittivity that
has fixed sign (only) in a neighborhood of the boundary. Following the analysis made by
Robbiano in the scalar case we study this problem in the framework of semiclassical
analysis and relate the transmission eigenvalues to the spectrum of a Hilbert-Schmidt
operator. Under the additional assumption that the contrast is constant in a neighborhood
of the boundary, we prove that the set of transmission eigenvalues is discrete, infinite and
without finite accumulation points. A notion of generalized eigenfunctions is introduced
and a denseness result is obtained in an appropriate solution space.
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M16-1:Recent algorithmic developments for seismic imaging and tomography
(Part I)
Scheduled: Parallel Session TBA
Organizers: Shingyu Leung, Hong Kong University of Science and Technology

Jianliang Qian, Michigan State University
Description: Geophysical exploration delineates the depth and structures of natural-resources related
geological formations by collecting and analyzing the Earth echoes from passive and
active sources. Over the years a range of fast algorithms are developed for mathematical
problems arising from geophysical exploration. This minisymposium will provide a
forum to exchange recent algorithmic developments in seismic imaging and tomography.
Talks 1. Advancement in Computational Geophysics in China
details:
Hong Liu, Chinese Academy of Sciences
Abstract: In the past 30 years, Computational Geophysics has achieved great development in China. With the accumulation of the research achievement, the increase of the
experience and the improvement of the hardware, we have constantly enhanced our ability in scientific research and industrialization, and we can handle the large-scale problems
well.

2. Reflected wave least-squares migration with correct image phase
Shengchang Chen, Zhejiang University
Abstract: Least squares migration is regarded as one of the best image method for its
capable of suppressing migration artifacts, balancing amplitude and improving resolution.
This paper proposes a least squares reverse time migration (LSRTM) with correct phase
information scheme for seeking a stacked reflectivity model. The second type Rayleigh
integral is used to accurately reconstruct the local scattered wavefield and simulate reflected demigration data in LSRTM. With this, both the image and demigration data have
the correct phase information. A source-receiver combined illumination and a first spatial
derivative regularization term are used to accelerate the convergence. The numerical test
successfully demonstrates that this LSRTM scheme can gain images with correct phase,
balanced amplitude, broader bandwidth and high resolution. The obtained image can be
used as an estimation of the subsurface’s reflectivity.
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3. Characteristic wave inversion imaging and solutions of seismological &
geological problems in Chinese typical exploration areas
Huazhong Wang, Tongji University
Abstract: The aim of oil-gas seismic exploration is on locating, identifying, depicting,
and evaluating oil and gas reservoirs. Chinese typical surface and underground geological
conditions determine a different technical route for seismic exploration. Represented by
characteristic wave imaging method and technique framework, we developed a relatively
completed inversion imaging technical system, which includes data preprocessing techniques based on compressive sensing, Monte Carlo initial background velocity modeling
technique using non- horizontal field surface Kirchhoff integral as PSDM engine, transmitted and reflected wave tomography under wave theory based on travel-time (phase),
LS-PSDM technique and fidelity ADCIGs generation technique in TTI/Q medium. With
the techniques above combined with wide azimuth, wide broadband, and high density
seismic data acquisition techniques, we can assemble the corresponding solutions aiming
at different geological feature of different exploration areas. Many cases have proven the
validity of the proposed scheme.

4. Staggered DG methods for wave equations
Eric Chung, Chinese University of Hong Kong
Abstract: Staggered DG methods will be summarized and new developments will be
presented

74

Minisymposia and contributed talks

M16-2:Recent algorithmic developments for seismic imaging and tomography
(Part II)
Scheduled: Parallel Session TBA
Organizers: Shingyu Leung, Hong Kong University of Science and Technology

Jianliang Qian, Michigan State University
Description: Geophysical exploration delineates the depth and structures of natural-resources related
geological formations by collecting and analyzing the Earth echoes from passive and
active sources. Over the years a range of fast algorithms are developed for mathematical
problems arising from geophysical exploration. This minisymposium will provide a
forum to exchange recent algorithmic developments in seismic imaging and tomography.
Talks 1. Asymptotic methods for high frequency wave propagation in inhomodetails:
geneous media
Songting Luo, Iowa State University
Abstract: We will introduce asymptotic methods which combine integral representations of waves and asymptotic approximations of Green’s functions for simulating high
frequency waves governed by Helmholtz equation or time-harmonic Maxwell’s equations in
inhomogeneous media. Both WKB type and Babich type asymptotic approximations will
be used. And efficient multi-level algorithms will be adopted to evaluate the oscillatory
integrals to compute the waves. Numerical examples will be presented to demonstrate
the methods.

2. Prestack depth migration for TTI media
Jiubing Chen, Tongji University
Abstract: TBA.

3. Elastic wave full waveform inversion in the frequency domain
Wensheng Zhang, Chinese Academy Sciences
Abstract: In this talk, I will present the full waveform inversion (FWI) method for the
elastic wave equation. The FWI inversion is an iterative process of objective function by
minimizing the residual between the observed data and the synthetic data. The forward
problem is solved by the staggered-grid method. The inversion is carried out from low
frequency to high frequency in a stepwise manner and thus the robustness of inversion is
improved. The preconditioned gradient method based on Born approximation is applied.
Numerical computations based on message passing interface (MPI) are implemented. The
MPI parallel algorithm improves the computational efficiency for the large scale problem.
Numerical computations both for the simple model and benchmark model are carried out.
The results show the effectiveness and correctness of our proposed method. This is a joint
work with Yuan Zhuang and the research is supported by the National Science Foundation
of China with grant number 11471328.

4. The plane wave reverse time migration
Xiongwen Wang, Saudi Aramaco Asia
Abstract: We will present a new plane-wave reverse time migration method.
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M17: Sparsity-promoting inversion methods for medical imaging
Scheduled: Parallel Session TBA
Organizers: Ville Kolehmainen, University of Eastern Finland

Samuli Siltanen, University of Helsinki
Description: Many novel medical imaging technologies employ sparse sampling of the data space.
While the use of sparse data may arise from different reasons, such as using lower dose of
ionizing radiation, or due to need for fast sampling due to fast physiological changes or
quick decay of the signal of interest, a common feature for these imaging technologies is
the ill-posed nature of the image reconstruction problem, leading to poor results when
employing current operational algorithms. Over recent years there has been significant
efforts in development of sparsity promoting image reconstruction methods for medical
imaging problems with sparsely collected data. This minisymposium presents some of
the recent advances in sparsity promoting inversion methods for novel medical imaging
technologies.
Talks 1. Dynamic X-ray tomography based on a joint model for image recondetails:
struction and motion estimation
Lena Frerking, University of Münster
Abstract: Our aim is to reconstruct tomography data based on time-dependent measurements. While the reconstruction of dynamic data is already possible for full-angle
measurements at each time step, limited-angle reconstruction is still a challenging problem. We propose a variational model for simultaneous reconstruction and motion estimation, which enables to overcome the problems arising due to missing information at each
time step. In an alternating approach, we calculate velocity fields that connect subsequent
time steps with each other and use them to improve the reconstruction. Experimenting
with different arrangements of measuring angles, we are able to reconstruct data from
only one or two measurements per time step. This is joint work with Martin Burger,
Hendrik Dirks, Andreas Hauptmann, Tapio Helin, and Samuli Siltanen.
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2. A nonsmooth regularization approach based on shearlets for Poisson
noise removal in ROI tomography
Tatiana Bubba, University of Modena and Reggio Emilia
Abstract: Region-of-interest tomography (ROI CT) is among the "hot topics" in the
field of X-ray tomographic imaging, due to its potential to lower exposure to X-ray radiation and reduce the scanning time. This is particularly appealing for a wide range of
biomedical application, such as contrast-enhanced cardiac imaging or positioning of intracranial stents. However, the truncation of projection measurements results in a severe
ill-posedness, and the presence of noise compromises the stability of traditional CT reconstruction algorithms. In order to obtain stable reconstructions, we introduce a nonsmooth
convex optimization approach based on shearlets, a recent multiscale method especially
designed to sparsely approximate images with edges. For the solution of this problem, we
analyze the very recently proposed variable metric inexact line-search algorithm (VMILA),
a proximal-gradient method that enables the inexact computation of the proximal point
de_ning the descent direction. By using both Poisson noisy simulated data and real data
from fan-beam CT geometry, we evaluate the reconstruction performance of our approach
and we compare it with the same framework with total variation (TV) as regularization
term. In particular, we investigate which technique is more e_ective in recovering the desired features of the image and avoids unwanted artifacts. The results show that for real
data the texture is reconstructed more accurately with the proposed nonsmooth shearletbased approach, compared to the TV-based approach, without biasing the image towards
a piecewise constant image model. Also, the proposed approach reveals to be insensitive
to the location and the size of the ROI.

3. Enhancing fMRI reconstruction via ICBTV-regularization
Eva-Maria Brinkmann, University of Münster
Abstract: Based on the magnetic resonance imaging (MRI) technology, fMRI is a
noninvasive functional neuroimaging method, which provides maps of the brain at different
time steps, thus depicting brain activity by detecting changes in the blood flow and hence
constituting an important tool in brain research. An fMRI screening typically consists
of three stages: At first, there is a short low-resolution prescan to ensure the proper
positioning of the proband or patient. Secondly, an anatomical high resolution MRI scan
is executed and finally the actual fMRI scan is taking place, where a series of data is
acquired via fast MRI scans at consecutive time steps thus illustrating the brain activity
after a stimulus. In order to achieve a sufficient temporal resolution in the fMRI data
series, subsampling strategies are commonly applied. Based on the assumption that the
full high-resolution MRI image and the fast acquired actual fMRI images share a similar
edge set and hence the sparsity pattern with respect to the gradient, we propose to use the
Infimal Convolution of Bregman Distances of the TV functional (ICBTV) first introduced
in [1] to enhance the quality of the reconstructed actual fMRI data by using the full highresolution MRI scan as a prior. In this talk we will present our methodology as well
as first numerical results. This is joint work with Martin Burger and Ville Kolehmainen.
References: [1] M. Moeller, E.-M. Brinkmann, M. Burger, and T. Seybold: Color Bregman
TV. SIAM J. Imag. Sci. 7(4) (2014), pp. 2771-2806.
Joint with Julian Rasch.
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4. Comparison of tomographic reconstruction algorithms for classifying
bone quality
Zenith Purisha, University of Helsinki
Abstract: The use of a low number of x-ray tomographic data to study the inner structure of the trabecular bone is very crucial in biomedical research. In addition to reducing
the measurement process, low exposure of the x-ray is important to avoid a harmful radiation. Many reconstruction methods have been discussed to tackle this problem such as
algebraic reconstruction technique, discrete tomography, total variation (multi resolution
approach) and sparsity regularization approach. In this work, we investigate the performance of each one to study the quality of human trabecular bones by recovering the inner
structure of it. In this experiment, two types of bones were scanned, one is a healthy bone
and another one is an osteoarthritis bone. For very sparse data, the standard method,
FBP, is not capable to differ the bone’s type whereas the sparsity regularization approach
outperforms the other methods.
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M18-1:Inverse problems in quantitative optical and electrical tomography
(Part I)
Scheduled: Parallel Session TBA
Organizers: Kim Knudsen, Technical University of Denmark

Leonidas Mindrinos, University of Vienna
Description: Inverse problems in optical and electrical tomography such as Optical Diffusion Tomography, Optical Coherence Tomography and Electrical Impedance Tomography are
known to be severely ill-posed. In recent years several modalities have been introduced
that couple traditional measurement with another physical modality and as a consequence additional data for the inverse problem becomes available. This is the situation
for instance in photo-acoustic and acousto-electric tomography. The hope is that the
coupled-physics approach allows sharp resolution and enhanced contrast. In order to
retrieve the most accurate and useful information from the additional data one has to
solve the full parameter estimation problem, the so-called quantitative reconstruction
problem.
In this mini-symposium we bring together experts working on different quantitative
reconstruction problems. We will showcase the latest developments for mutual inspiration and discuss future directions.
Talks 1. Optical tomography in weakly scattering media
details:
Simon Arridge, University College London
Abstract: A large class of tomography problems are based on the Radiative Transfer
Equation (RTE). At one extreme the classical tomography problem involves measurement
of "ballistic" photons traversing straight line trajectories in the absence of scattering. At
the other extreme, Diffuse Optical Tomography (DOT) considers multiple scattering to the
degree that directionality of detected photons is lost and photon density can be modelled
by an elliptic PDE. In between, sometimes called the "mesoscopic" region, a combination
of ballistic, single-scattered, and multiple-scattered photons should be considered. In this
talk we consider a model of localised strong scatterers contained in a weakly scattering
medium. We present algorithms for modelling and reconstruction from multiple detectors,
using both simulations and experimental results.
Joint work with: Vadim Soloviev

2. Simulation of cellular changes on optical coherence tomography of the
human retina
Adérito Araújo, University of Coimbra
Abstract: We present a methodology to assess cell level alterations on the human retina
responsible for functional changes observable in the Optical Coherence Tomography data
in healthy ageing and in disease conditions, in the absence of structural alterations. The
methodology is based in a 3D multilayer Monte Carlo computational model of the human
retina. The optical properties of each layer are obtained by solving the Maxwellś equations
for 3D domains representative of small regions of those layers, using a Discontinuous
Galerkin Finite Element Method (DG-FEM).
In this talk we discuss the qualitative and quantitative properties of the numerical discretisation of the time-dependent Maxwellś equations using a fully explicit discontinuous
Galerkin method. We also present an application of our methodology to the assessment
of cell level alterations responsible for the OCT data in Diabetic Macular Edema. It was
possible to identify which alterations are responsible for the changes observed in the OCT
scans of the diseased groups.
Joint work with: Sílvia Barbeiro, Rui Bernardes, Maryam Kh. Ghalati, Miguel Morgado
and Luís Pinto
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3. Reconstructing absorption coefficients by the data-compatible T-matrix
completion algorithm
Howard Levinson, University of Michigan
Abstract: The data-compatible T-matrix completion (DCTMC) algorithm is a novel
iterative numerical method for solving nonlinear inverse scattering problems. It is especially well suited for overdetermined problems with large data sets which may be too
computationally demanding for conventional Newton-type solvers. Therefore, DCTMC is
applicable to optical tomography problems, where large data sets are often essential. Optical tomography simulations demonstrating the convergence and reliability of DCTMC
will be shown.

4. Reconstructing anisotropic conductivities from current density measurements by the Levenberg-Marquardt iteration
Ekaterina Sherina, Technical University of Denmark
Abstract: In coupled physics tomography, such as Current Density Impedance Imaging or Magnetic Resonance Electrical Impedance Tomography, the goal is to identify the
spatially varying conductivity distribution inside an object from measurements of current
densities induced by different boundary current or voltage injections. Both imaging techniques are based on the inverse problem of Electrical Impedance Tomography, known for
its non-linearity and severe ill-posedness. Having interior data as the current density gives
a non-linear reconstruction problem, which under mild assumptions is well-posed. Thus,
one can expect to obtain high quality reconstructions.
In this talk we present the well-known Levenberg-Marquardt iteration for solving the
underlying nonlinear inverse problem for the case of anisotropic conductivities. This case
is important, since in several potential applications tested samples display anisotropic
behavior. We analyze the algorithm and provide numerical results for tests on simulated
data.
Joint work with: Kim Knudsen .
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M18-2:Inverse problems in quantitative optical and electrical tomography
(Part II)
Scheduled: Parallel Session TBA
Organizers: Kim Knudsen, Technical University of Denmark

Leonidas Mindrinos, University of Vienna
Description: Inverse problems in optical and electrical tomography such as Optical Diffusion Tomography, Optical Coherence Tomography and Electrical Impedance Tomography are
known to be severely ill-posed. In recent years several modalities have been introduced
that couple traditional measurement with another physical modality and as a consequence additional data for the inverse problem becomes available. This is the situation
for instance in photo-acoustic and acousto-electric tomography. The hope is that the
coupled-physics approach allows sharp resolution and enhanced contrast. In order to
retrieve the most accurate and useful information from the additional data one has to
solve the full parameter estimation problem, the so-called quantitative reconstruction
problem.
In this mini-symposium we bring together experts working on different quantitative
reconstruction problems. We will showcase the latest developments for mutual inspiration and discuss future directions.
Talks 1. Nonlinear quantitative photoacoustic tomography with two-photon abdetails:
sorption
Kui Ren, University of Texas at Austin
Abstract: Two-photon photoacoustic tomography (TP-PAT) is a non-invasive optical
molecular imaging modality that aims at inferring two-photon absorption property of
heterogeneous media from photoacoustic measurements. In this work, we analyze an
inverse problem in quantitative TP-PAT where we intend to reconstruct optical coefficients
in a semilinear elliptic PDE, the mathematical model for the propagation of near infra-red
photons in tissue-like optical media, from the internal absorbed energy data. We derive
uniqueness and stability results on the reconstructions of single and multiple coefficients,
and perform numerical simulations based on synthetic data to validate the theoretical
analysis.

2. Quantitative polarized-sensitive optical coherence tomography for orthotropic media
Leonidas Mindrinos, University of Vienna
Abstract: In this work we consider the inverse problem of recovering the electric susceptibility of a non-magnetic, linear dielectric and orthotropic medium. The measurement
data are captured using a polarized-sensitive OCT system that takes into account the polarization state of the scattered field and provide us with extra data compared to standard
OCT. We consider Maxwell’s equations under the Born and far-field approximations to
describe the scattered field. For a non-dispersive sample with small spatial variations of
its optical properties, we can reconstruct stably three out of four unknown parameters
given data for two different incident polarizations.
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3. Heat generation on plasmonic nanoparticles
Francisco Jose Romero Hinrichsen, ETH-Zürich
Abstract: By means of layer potentials and asymptotic analysis techniques we analyse the heat generation at the border of arbitrarily shaped nanoparticles when exited
with electromagnetic waves. We show and quantify how two close-to-touching inclusions
generate more heat than single connected ones.

4. A signal separation technique for sub-cellular imaging using dynamic
optical coherence tomography
Cong Shi, University of Vienna
Abstract: In this talk I will discuss how to image the dynamics of metabolic activity
of cells. Using dynamic optical coherence tomography, we introduce a new multiparticle
dynamical model to simulate the movements of the collagen and the cell metabolic activity
and develop an efficient signal separation technique for sub-cellular imaging. We perform
a singular-value decomposition of the dynamic optical images to isolate the intensity of the
metabolic activity. We proved that the largest singular value of the associated Casorati
matrix corresponds to the collagen. In the end of the talk I will present some numerical
simulations to illustrate and validate our approach.
This is a joint work with Habib Ammari and Francisco Romero.
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M19: Inverse problems and low complexity models
Scheduled: Parallel Session TBA
Organizers: Emily J. King, University of Bremen

Nate Strawn, Georgetown University
Description: Low complexity models are essential for computational applications in high-dimensional
estimation of model parameters. For such high-dimensional inverse problems, low complexity models are often used to make problems well-posed, and result in regularized
solutions that can be computed efficiently. Such low complexity models can take the
form of sparse or low-rank linear dictionaries or have non-linear structure like a low
dimensional manifold, and may involve statistical elements. In certain cases, the structure of the low complexity model is understood in advance (for example with a low-rank
hypothesis). In other cases, the model is learned via a data-driven approach. In this
mini-symposium, experts will discuss new techniques and theory, with a special emphasis on applications to inverse problems and problems in physics.
Talks 1. Learning-based compressive sampling
details:
Volkan Cevher, Swiss Federal Institute of Technology in Lausanne
Abstract: The problem of recovering a structured signal 𝑥 from a set of dimensionalityreduced linear measurements 𝑏 = 𝐴𝑥 arises in a variety of applications, such as medical
imaging, spectroscopy, Fourier optics, and computerized tomography. Due to computational and storage complexity or physical constraints imposed by the problem, the measurement matrix 𝐴 is often of the form 𝐴 = 𝑃 Ψ for some orthonormal basis matrix Ψ and
subsampling operator 𝑃 that selects the rows indexed by a index set Ω. This raises the
fundamental question of how best to choose the index set Ω in order to optimize the recovery performance. Previous approaches to addressing this question rely on non-uniform
random subsampling using application-specific knowledge of the structure of 𝑥. In this
paper, we instead take a principled learning-based approach in which a fixed index set
is chosen based on a set of training signals. We formulate combinatorial optimization
problems seeking to maximize the energy captured in these signals in an average-case or
worst-case sense, and we show that these can be efficiently solved either exactly or approximately via the identification of modularity and submodularity structures. We provide
both deterministic and statistical theoretical guarantees showing how the resulting measurement matrices perform on signals differing from the training signals, and we provide
numerical examples showing our approach to be effective on a variety of data sets.
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2. Nonconvex recovery of low-complexity models
John N. Wright, Columbia University
Abstract: General nonconvex optimization problems are NP-hard. In applied disciplines, however, nonconvex problems abound, and heuristic algorithms are often surprisingly effective. The ability of nonconvex heuristics to find high-quality solutions for
practical problems remains largely mysterious. In this talk, I will describe a family of
nonconvex problems which can be solved efficiently. This family has the characteristic
structure that (1) every local minimizer is also global, and (2) the objective function
has a negative directional curvature around all saddle points ("ridable saddle"). Natural
(nonconvex) formulations for a number of important problems in signal processing and
machine learning lie in this family, including the eigenvector problem, complete dictionary
learning (CDL), generalized phase retrieval (GPR), orthogonal tensor decomposition, and
various synchronization problems. This benign geometric structure allows a number of
optimization methods to efficiently find a global minimizer, without special initializations.
To corroborate this, I will describe the second-order trust-region method. This geometric
approach to solving nonconvex problems has led to new computational guarantees for a
number of practical problems, including CDL and GPR.I will describe several open challenges in terms of both theory and algorithms, and give applications of these ideas to
computer vision and the analysis of microscopy data.

3. Low rank matrix recovery from Clifford orbits
Richard Kueng, University of Cologne
Abstract: We prove that low-rank matrices can be recovered efficiently from a small
number of measurements that are sampled from orbits of a certain matrix group. As a
special case, our theory makes statements about the phase retrieval problem. Here, the
task is to recover a vector given only the amplitudes of its inner product with a small
number of vectors lying on an orbit. Variants of the group in question have appeared
under different names in many areas of mathematics. In coding theory and quantum
information, it is the Clifford group; in time-frequency analysis the oscillator group; and
in mathematical physics the metaplectic representation of the discrete affine symplectic
group. It affords one particularly small and highly structured orbit that includes and generalizes the discrete Fourier basis: While the Fourier vectors have coefficients of constant
modulus and phases that depend linearly on their index, the vectors in said orbit have
phases with a quadratic dependence. In quantum information, the orbit is used extensively and is known as the set of stabilizer states. It is related to the Barnes-Walls lattice
studied e.g. in algebraic combinatorics, to the set of linear chirps from signal analysis,
and can be considered a discrete analogue of the set of complex Gaussians. We argue that
due to their rich geometric structure and their near-optimal recovery properties, the set
of stabilizer states form an ideal model for structured measurements for phase retrieval in the same way Fourier measurements fulfill this role for compressed sensing and Pauli
measurements for low-rank matrix recovery. Our results hold for an order of Ck(r)r n
log(n) measurements, where the rank dependent oversampling factor 𝑘(𝑟) varies between
𝑘(𝑟) = 1 and 𝑘(𝑟) = 𝑟, depending on the orbit. The reconstruction is stable towards
both additive noise and the model assumption of low rank. If the matrix of interest is in
addition positive semidefinite, reconstruction may be performed by a simple constrained
least squares regression.
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4. Deep wavelet scattering: Towards mathematical understanding of convolutional networks through physics, probability, and manifolds
Matthew Hirn, Michigan State University
Abstract: Deep learning architectures are producing state of the art results in areas
ranging from computer vision to natural language processing and even physics. Despite
these successes, there remains numerous mathematical questions pertaining to the reason
for their efficacy. The scattering transform is a type of convolutional network, built upon
a cascade of linear wavelet transforms and nonlinear modulus operators. Unlike fully
learned convolutional networks, the wavelets are specified in advance, allowing one to
directly encode invariant and stability properties into the network. This makes them
particularly well suited to problems in physics, which we demonstrate both theoretically
and numerically for the problem of regressing ground state energies of quantum many
body systems. Density functional theory characterizes such systems through their electron
density, which is the probability density function for all electrons of the system. This will
lead us to interpret the scattering transform via two avenues: on the one hand via fast
multipole methods, on the other through a multi-scale version of the Wasserstein metric
(also known as the earth mover’s distance). To conclude we shall discuss how to extend
these methods to graph and manifold data, in which the wavelets are learned over the
intrinsic geometry of the data space..
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M20-1: Parameter identification of statistical inverse problems and dynamic
systems (Part I)
Scheduled: Parallel Session TBA
Organizers: Nan Chen, New York University

Shuai Lu, Fudan University
Description: In many real applications, in particular in geophysics and in ocean sciences, distributed
parameter identification problems are often modeled by statistical inverse problems and
state recovery of turbulent dynamic systems. These identification problems are studied
in the sense that the (sequential) observational noise is assumed to be derived via realization of a Gaussian random variable or random variables with other distributions.
Understanding of algorithms for their solutions has been greatly enhanced when probabilistic perspectives are formulated into the framework and become challenges towards
researchers in the different disciplines.
The mini-symposium aims to discussing recent advances in statistical inverse problems
and dynamic systems focusing on Bayesian inversion, data assimilation and online
regularization, etc. The purpose is to promote international collaboration among researchers from different parts of the world working in these areas.
Talks 1. All-at-once methods for parameter identification in time dependent sysdetails:
tems
Barbara Kaltenbacher, Alpen-Adria-Universitäft Klagenfurt
Abstract: Classical regularization methods rely on (theoretical and numerical) availability of a forward operator, i.e. a concatenation of the parameter-to-state map with
an observation operator. However, the assumption of existence of a parameter-to-state
map can sometimes be overly restrictive or direct its use numerically inefficient. Recently,
all-at-once formulations have been considered as an alternative to this classical approach,
avoiding the use of a parameter-to-state map. They are based on the original formulation
as an all-at-once system of model and observation equation. It turned out that especially
iterative methods like (Gauss-)Newton type or gradient based (Landweber) methods exhibit crucial differences in their analysis and implementation between their reduced and
their all-at-once version, e.g., in the context of parameter identification problems for elliptic PDEs.
The solution of dynamic inverse problems has emerged to a highly active area within
inverse problems research, due to the large number of relevant applications, e.g. dynamic
tomography or calibration of PDE and ODE models in systems biology. Motivated by this
fact, in this talk, we will focus on parameter identification in time dependent PDE and
ODE models and their solution by all-at-once methods. Here one possible approach to
tackle the challenge of forward-backward causality in such problems is to apply Kaczmarz
methods to a subdivision of the equations into smaller subintervals of the time line. In this
talk we will show convergence results and comment on the implementation consequences
of all-at-once versus reduced versions of gradient or Newton type iterative methods. The
theoretical findings will be illustrated by numerical experiments.
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2. Reduced one-dimensional turbulence model and applications to filtering
Wonjung Lee, City University of Hong Kong
Abstract: Knowledge of the state of turbulent signals is of particular interest in numerous contexts including science and engineering. An effective mathematical solution
estimates the system state and uncertainty associated with it through combining the
evolving probability distribution of the underlying system along with available observations: the problem of filtering. In the practical applications of filtering, one frequently
encounters the necessity of large dimensional uncertainty quantification due to the fundamental difficulty in describing the complexity phenomena with a small number of degrees
of freedom. Traditional algorithms for filtering unfortunately do not perform well under
this circumstance. One approach to disable the obstacles in high dimension is to find
effective dimension reduction procedure for the probability distribution of the underlying
state space model. One of the methodologies to do this is via approximating the original equation for each Fourier mode by an independent and exactly solvable stochastic
differential equation. In this paper we introduce a new rigorous methodology for this simplification of underlying system through de- coupling within the context of the extended
Majda-McLaughlin-Tabak turbulence model. Unlike the conventional applications, we
proceed via: (i) constructive building of reduced models based upon a modern analysis of
the original system; and (ii) determining the associated parameters in a non data-based
and purely theoretical fashion. Our framework by no means depends on a direct numerical simulation of the state space model; instead it utilizes a deeper understanding of nonlinear interactions of the one-dimensional prototypical turbulence model for a drastic reduction of the computational efforts needed in performing the uncertainty quantification
with observations.

3. Maximum a posteriori estimates for sparsity-promoting non-parametric
Bayesian inversion
Tapio Helin, University of Helsinki
Abstract: Sparsity is a key topic in both inverse problems and high-dimensional statistics. However, sparsity-promoting Bayesian inversion is less considered in literature especially for non-parametric infinite-dimensional problems. I will discuss recent breakthroughs regarding maximum a posteriori estimates for non-parametric Bayesian inverse
problems and our new results regarding sparsity-promoting priors. This is joint work with
Sergios Agapiou, Martin Burger and Masoumeh Dashti.
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4. A conditional Gaussian framework for filtering and predicting complex
turbulent systems
Nan Chen, New York University
Abstract: In this talk, a conditional Gaussian framework for filtering and predicting
complex turbulent systems is introduced. Despite the conditional Gaussianity, such systems are nevertheless highly nonlinear and are able to capture the non-Gaussian features
of nature. The special structure of the filter allows closed analytical formulae for updating the posterior states and is thus computationally efficient. Three types of applications
in filtering and predicting conditional Gaussian turbulent systems with model error are
illustrated. The first example involves filtering multiscale random rotating compressible
flow fields with observations from noisy Lagrangian tracers, where a barrier in gaining
the information is shown as increasing the number of the tracers and effective practical
strategies are developed in filtering complex flows. Second, a physics-constrained loworder nonlinear stochastic model involving correlated multiplicative noise defined through
energy conserving nonlinear interaction is developed to predict two monsoon indices with
different features. The special structure of the model allows efficient data assimilation
and ensemble initialization algorithms for the hidden variables that facilitates predictions. Furthermore, regarding model parameters as augmented state variables, the filtering framework is applied to the study of parameter estimation with detailed mathematical
analysis. A new approach with judicious model error in the equations associated with the
augmented state variables is proposed, which greatly enhances the efficiency in estimating
model parameters.
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M20-2: Parameter identification of statistical inverse problems and dynamic
systems (Part II)
Scheduled: Parallel Session TBA
Organizers: Nan Chen, New York University

Shuai Lu, Fudan University
Description: In many real applications, in particular in geophysics and in ocean sciences, distributed
parameter identification problems are often modeled by statistical inverse problems and
state recovery of turbulent dynamic systems. These identification problems are studied
in the sense that the (sequential) observational noise is assumed to be derived via realization of a Gaussian random variable or random variables with other distributions.
Understanding of algorithms for their solutions has been greatly enhanced when probabilistic perspectives are formulated into the framework and become challenges towards
researchers in the different disciplines.
The mini-symposium aims to discussing recent advances in statistical inverse problems
and dynamic systems focusing on Bayesian inversion, data assimilation and online
regularization, etc. The purpose is to promote international collaboration among researchers from different parts of the world working in these areas.
Talks 1. On parameter identification in stochastic differential equations
details:
Thorsten Hohage, Georg-August-Universität Göttingen
Abstract: We consider the identification of parameters in stochastic differential equations from data described by given number of independent, identically distributed random
variables. The problem is formulated as a nonlinear ill-posed operator equation with a
deterministic forward operator described by the Fokker-Planck equation. We derive convergence rates of the risk for penalized maximum likelihood estimators with convex penalty
terms and for Newton-type methods. The assumptions of our general convergence results
are verified for estimation of the drift coefficient. In particular, H?lder variational source
conditions are interpreted in terms of Besov spaces.
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2. Multilevel Monte Carlo for inference
Kody J. H. Law, Oak Ridge National Laboratory
Abstract: For half a century computational scientists have been numerically simulating
complex systems. Uncertainty is recently becoming a requisite consideration in complex
applications which have been classically treated deterministically. This has led to an
increasing interest in recent years in uncertainty quantification (UQ). Another recent
trend is the explosion of available data. Bayesian inference provides a principled and
well-defined approach to the integration of data into an a priori known distribution. The
posterior distribution, however, is known only point-wise (possibly with an intractable
likelihood) and up to a normalizing constant. Monte Carlo methods have been designed
to sample such distributions, such as Markov chain Monte Carlo (MCMC) and sequential
Monte Carlo (SMC) samplers. Recently, the multilevel Monte Carlo (MLMC) framework
has been extended to some of these cases, so that approximation error can be optimally
balanced with statistical sampling error, and ultimately the Bayesian inverse problem can
be solved for the same asymptotic cost as solving the deterministic forward problem. This
talk will concern the recent development of multilevel SMC (MLSMC) samplers [1] and the
resulting estimators for standard quantities of interest as well as normalizing constants
[2]. The methods have been applied successfully to nonlocal equations [5], which are
used to model anomalous diffusion and fractures in materials. MLMC data assimilation
methods have also been developed, which combine dynamical systems with data in an
online fashion. Examples are ML particle filters [4] and ensemble Kalman filters [3].

References
[1] Alexandros Beskos, Ajay Jasra, Kody Law, Raul Tempone, and Yan Zhou. Multilevel sequential Monte Carlo samplers. Stochastic Processes and Applications,
http://dx.doi.org/10.1016/j.spa.2016.08.004.
[2] Pierre Del Moral, Ajay Jasra, Kody Law, and Yan Zhou. Multilevel sequential
Monte Carlo samplers for normalizing constants. arXiv preprint arXiv:1603.01136,
2016.
[3] Hakon Hoel, Kody J.H. Law, and Raul Tempone. Multilevel ensemble Kalman
filtering. SIAM Journal of Numerical Analysis, 54(3):1813-1839, 2016.
[4] Ajay Jasra, Kengo Kamatani, Kody JH Law, and Yan Zhou. Multilevel particle
filter. arXiv preprint arXiv:1510.04977, 2015.
[5] Ajay Jasra, Kody Law, and Yan Zhou. Forward and inverse uncertainty quantification using multilevel Monte Carlo algorithms for an elliptic nonlo- cal equation. arXiv preprint arXiv:1603.06381, 2016.
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3. EnKF performance with small ensemble
Xin Tong, National University of Singapore
Abstract: The successful EnKF prediction skill with an ensemble size 𝐾 much smaller
than the dimension 𝑑 has remained an intriguing mystery. The practitioners often attribute this success to an low effective dimension 𝑝, of which the formal definition has
never been given. The first part of our framework proposes a natural definition for the
effective dimension, using the covariance spectrum of an associated Kalman filter. The
second component employs the Mahalanobis norm to quantify the EnKF performance,
which is intrinsically dissipative for Kalman type of filter updates. This dissipative mechanism is stable enough to wither the noisy perturbation from model or small sampling
error. The low effective dimension plays a vital role here, since when 𝐾 > 𝐶𝑝 for a constant 𝐶, the sample forecast covariance matrix can concentrate around its expected value,
using a new random matrix theory result. Practical covariance inflation and spectral
projection are employed to our EnKF. The fact that these augmentations are necessary
for our proof, indicates the theoretical significance of these augmentations, while their
practical significance has already been observed and well documented.

4. State estimation and prediction using clustered particle filters
Yoonsang Lee, New York University
Abstract: Particle filtering is an essential tool to improve uncertain model predictions
by incorporating noisy observational data from complex systems including non-Gaussian
features. A new class of particle filters, clustered particle filters, is introduced for highdimensional nonlinear systems, which uses relatively few particles compared to the standard particle filter. The clustered particle filter captures non-Gaussian features of the
true signal which are typical in complex nonlinear dynamical systems such as geophysical
systems. The method is also robust in the difficult regime of high-quality sparse and
infrequent observations. The key features of the clustered particle filtering are coarsegrained localization through the clustering of the state variables and particle adjustment
to stabilize the method; each observation affects only neighbor state variables through
clustering and particles are adjusted to prevent particle collapse due to the high-quality
observations. The clustered particle filter is tested for the 40-dimensional Lorenz-96 model
with several dynamical regimes including strongly non-Gaussian statistics. The clustered
particle filter shows robust skill in both achieving accurate filter results and capturing
non-Gaussian statistics of the true signal. It is further extended to the multiscale data
assimilation which provides the large-scale estimation by combining a cheap reduced-order
forecast model and mixed observations of the large- and small-scale variables. This approach enables use of a larger number of particles due to the computational savings in
the forecast model. The multiscale clustered particle filter is tested for one-dimensional
dispersive wave turbulence using a forecast model with model errors.
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M20-3: Parameter identification of statistical inverse problems and dynamic
systems (Part III)
Scheduled: Parallel Session TBA
Organizers: Nan Chen, New York University

Shuai Lu, Fudan University
Description: In many real applications, in particular in geophysics and in ocean sciences, distributed
parameter identification problems are often modeled by statistical inverse problems and
state recovery of turbulent dynamic systems. These identification problems are studied
in the sense that the (sequential) observational noise is assumed to be derived via realization of a Gaussian random variable or random variables with other distributions.
Understanding of algorithms for their solutions has been greatly enhanced when probabilistic perspectives are formulated into the framework and become challenges towards
researchers in the different disciplines.
The mini-symposium aims to discussing recent advances in statistical inverse problems
and dynamic systems focusing on Bayesian inversion, data assimilation and online
regularization, etc. The purpose is to promote international collaboration among researchers from different parts of the world working in these areas.
Talks 1. Ergodicity and accuracy in data assimilation methods
details:
David Kelly, New York University
Abstract: In data assimilation problems, it can be shown that the true posterior distribution is both consistent with the true trajectory and is stable with respect to perturbations in initialization. Consistency states that if sufficient observations are made,
then the posterior distribution will ’shadow’ the true trajectory in the large time limit;
stability states that the true filtering distribution forgets the initialization, in a statistical
sense, and is guided by model and observations alone. In this talk we discuss these two
properties for approximate filters found in applied data assimilation methods, including
the the optimal particle filter. This is joint work with Andrew Stuart (Caltech).

2. Support inference in linear statistical inverse problems
Frank Werner, Max Planck Institute for Biophysical Chemistry
Abstract: Suppose we have access to indirect observations of a quantity 𝑓 of interest
in form of a linear regression model, this is we observe point observations of an operator
applied to 𝑓 plus measurement errors, which are assumed to be independent, centered and
possibly not identically distributed. This includes white noise as well as e.g. Poissonian
observations. Suppose furthermore that we are not interested in reconstructing 𝑓 but
in identifying active components of 𝑓 w.r.t. a dictionary, i.e. identifying those elements
in the dictionary which are correlated with 𝑓 . This is of interest e.g. if one wants to
detect anomalies in computerized tomography, or to identify hot spots in astrophysics or
superresolution microscopy.
Under suitable assumptions on the dictionary we propose a statistical multiscale method
which allows for uniform confidence statements on the active coefficients, this is asymptotic
guarantees that with prescribed probability no inactive coefficients and all sufficiently
strong coefficients have been identified.
In case that the forward operator is of convolution type, we are able to present even sharper
results. As an application in nanobiophotonics we consider the detection of positions of
markers in a fluorescent sample. The performance of our method is demonstrated by
means of a simulation study and real data samples.
It is a joint work with Axel Munk and Katharina Proksch.
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3. A regularising ensemble Kalman method for Bayesian inverse problems
Marco Iglesias Hernandez, University of Nottingham
Abstract: In this talk I will present a novel regularising ensemble Kalman algorithm
(REnKA) for Bayesian inverse problems. The proposed technique is aimed at approximating the Bayesian posterior within a Sequential Monte Carlo (SMC) framework for highdimensional inverse problems. In particular, I will derive REnKA as an approximation
of SMC with an adaptive tempering approach. By means of numerical experiments I will
showcase the robustness and accuracy of REnKA for solving Bayesian PDE-constrained
inverse problems which includes the inference of permeability in a porous media in the
context of a moving boundary problem that describes a resin transfer moulding process.
While the main objective of the proposed REnKA is the approximation of the Bayesian
posterior, it can also be derived as a derivative-free approximation of the regularising
Levenberg-Marquardt with a regularisation parameter (independent of the noise level)
selected according to the adaptive tempering approach inherited from SMC. This connection between the classical and Bayesian approach will be also discussed in this talk.

4. Bayesian uncertainty quantification in the classification of high dimensional data
Xiyang Luo, University of California, Los Angeles
Abstract:In [A.L.Bertozzi and A.Flenner, Multiscale Modeling & Simulation, 10(3):1090
1118, 2012], Bertozzi et al. used the Ginzburg-Landau functional on graphs for the purpose
of binary classification for high dimensional data. This work will generalize the graph
diffuse interface model to a Bayesian framework, and compare with other Bayesian models
such as Probit and Bayesian level set method. We will discuss and compare both MAP
estimators and MCMC techniques for these models .
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5. Identification problem for the mathematical models of social diseases
with control programs
Olga Krivorotko, Russian Academy of Sciences
Abstract:The development of an individual mathematical model describing the process
of transmission HIV and TB in the population is one of the most effective methods for
prediction of the epidemic spread in a particular region. An investigation of models describing the co-infection of two diseases helps one to define the most effective treatment
strategy for these diseases in the population. Such models are described by systems of
nonlinear ordinary differential equations (ODE). The coefficients of these systems characterize the features of population and disease spread. Consequently, it is necessary to
qualitatively evaluate parameters of model (or their combinations) for construct more
precisely mathematical model for particular population.
The purpose of this work is the construction and investigation of numerical algorithms for
determining the coefficients of nonlinear ODE system which describes HIV and TB transmission processes with treatment and co-infection using additional information about a
special population according to statistical data for the previous few years (namely, the
number of healthy, latently infected and infectious diseases individuals). The numerical
algorithm is based on combination of very fast simulated annealing that determines the
domain of a global solution of identification problem and gradient methods for minimization of least squares objective function. The results of numerical calculations show that
combination of stochastic and gradient approaches determines the set of more sensitive
parameters to a particular region that differs significantly from its widely used standard
values. The numerical results are analyzed and discussed. This work is supported by
the Ministry of Education and Science of the Russian Federation and by the President
Fellowship of the Russian Federation No. MK-1214.2017.1.
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M21-1: Inverse problems for time-dependent Maxwell equations (Part I)
Scheduled: Parallel Session TBA
Organizers: Christian Clason, University of Duisburg-Essen

Cristiana Sebu, University of Malta
Description: Electromagnetic tomography is a non-invasive imaging technique which has been widely
used in many fields and applications including breast cancer detection in biomedical
imaging, sub-surface sensing in geoscience, and land mine detection. Since electromagnetic waves can penetrate in various media, where objects may be placed, the solution
of inverse electromagnetic problems allows to determine the presence and the properties of these objects hidden in the medium. The tomographic imaging is formulated as
a nonlinear inverse problem, and the underlying wave propagation is described in most
cases by the time-dependent Maxwell’s equations. This minisymposium aims to bring
together established and young researchers working on both theoretical and computational aspects of the inverse problems related to time-dependent Maxwell’s equations
and electromagnetic tomography.
Talks 1. Phaseless inverse scattering and global convergence
details:
Michael V. Klibanov, University of North Carolina at Charlotte
Abstract: In the past several years the group led by the presenter has obtained a
number of results on two topics:
1. Phaseless inverse scattering problems: uniqueness, reconstruction procedures and numerical studies.
2. Globally convergent numerical methods for inverse scattering problems: theory and
numerical studies of experimental data.
It turns out that these two topics are pretty much linked with each other. The presentation
will focus on these topics and their linkage.

2. Stable and simultaneous reconstruction of several coefficients in the
time-dependent Maxwell equations
Michel Cristofol, University of Aix-Marseille
Abstract: I will consider the inverse problem of determining the isotropic inhomogeneous electromagnetic coefficients of the non-stationary Maxwell equations in a bounded
domain of , from a finite number of boundary measurements. The main results are H?lder
stability estimates for the inverse problem. The main tools are Carleman estimates for
the heterogeneous Maxwell’s system with boundary conditions. Then, I will exhibit some
numerical simulations.

3. Reconstruction of small inhomogeneities for the full time-dependent
Maxwell’s equations
Christian Daveau, University of Cergy-Pontoise
Abstract: TBA

95

Minisymposia and contributed talks

4. Hyperbolic inverse problem for connection Laplacian
Yaroslav Kurylev, University College London
Abstract: We consider a Hermitian bundle over a Riemannian manifold with boundary with a compatible connection. For a wave operator associated with the connection
Laplacian we define the local hyperbolic Dirichlet-to-Neumann map. We then show that
this data determine the manifold, the metric and the connection up to a natural group of
gauge transformations. This is a joint result with L. Oksanen (UCL) and G. Paternain
(Cambridge).
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M21-2: Inverse problems for time-dependent Maxwell equations (Part II)
Scheduled: Parallel Session TBA
Organizers: Christian Clason, University of Duisburg-Essen

Cristiana Sebu, University of Malta
Description: Electromagnetic tomography is a non-invasive imaging technique which has been widely
used in many fields and applications including breast cancer detection in biomedical
imaging, sub-surface sensing in geoscience, and land mine detection. Since electromagnetic waves can penetrate in various media, where objects may be placed, the solution
of inverse electromagnetic problems allows to determine the presence and the properties of these objects hidden in the medium. The tomographic imaging is formulated as
a nonlinear inverse problem, and the underlying wave propagation is described in most
cases by the time-dependent Maxwell’s equations. This minisymposium aims to bring
together established and young researchers working on both theoretical and computational aspects of the inverse problems related to time-dependent Maxwell’s equations
and electromagnetic tomography.
Talks 1. Determination of a time-dependent convolution kernel from a boundary
details:
measurement in nonlinear Maxwell’s equations
Michal Galba, Ghent University
Abstract: We study a hyperbolic nonlinear Maxwell equation with an unknown solely
time dependent convolution kernel. The missing kernel is recovered from an additional
normal component measurement over the whole boundary. The existence of a solution to
this inverse problem is shown. Moreover a constructive algorithm for approximations is
designed and its convergence is established. Uniqueness is proven for a regular solution.

2. Geometric inverse problems:
shape reconstruction governed by
Maxwell’s equations
Stephan Schmidt, University of Würzburg
Abstract: We are interested in reconstructing shapes of objects by measuring reflections
of waves, in particular electromagnetic waves described by Maxwell’s equations. To this
end, we use a time-domain formulation such that the reconstruction can be based upon
multiple scanning frequencies within one optimization loop. As a downside, the adjoint
equation of the transient problem formulation requires the primal trajectory.
By using the boundary representation of the shape derivative, we can overcome the excessive data storage requirements by being able to discard the volume information. Based
on these structure exploitations, we present a holistic, parallel Maxwell reconstruction
solver also including mesh repair and domain deformation approaches based on Python
and FEniCS.

3. A shape optimization method for magnetic induction tomography
Antoine Laurain, University of São Paulo
Abstract: Magnetic induction tomography (MIT) is a novel technique for noncontacting measurement of electric properties of conducting materials. We study the
inverse problem of reconstructing the electric conductivity from measurements in the receiver coil, for an MIT system governed by time-harmonic eddy current equations. The
electric conductivity is assumed to be piecewise constant, so that the problem may be
recast as a shape optimization problem, where the unknown is the shape of the inclusion
whose conductivity is different from the background. The evolution of the shape during
the optimization process is achieved using a level set method.
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4. A three-dimensional image reconstruction algorithm for conductivity
imaging with real data
Cristiana Sebu, University of Malta
Abstract: A three-dimensional non-iterative reconstruction algorithm developed for
conductivity imaging with real data collected on a planar rectangular array of electrodes
is presented. Such an electrode configuration as well as the proposed imaging technique is
intended to be used for breast cancer detection. The algorithm is based on linearizing the
conductivity about a constant value and allows real-time reconstructions. Small inclusions
with conductivities three or four times the background lying beneath the data collection
surface were detected from both simulated and real data. .
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M22-1: Deep neural networks: theory and application (Part I)
Scheduled: Parallel Session TBA
Organizers: Jens Behrmann, University of Bremen

Thomas Wiatowski, ETH-Zürich
Description: In the past decade, deep neural networks have led to breakthrough results in numerous
practical machine learning tasks such as, e.g., image classification on the ImageNet
dataset, control-policy learning to play Atari games, or facial landmark regression. In
a nutshell, deep neural networks are architectures composed of multiple layers, each of
which computes a linear transform (such as, e.g., a convolutional transform), followed
by a pointwise non-linearity and a so-called pooling operation. While the tremendous
success of deep neural networks can be explained by the presence of large data sets
(e.g., the ImageNet dataset comprises more than one million natural images) and the
usage of GPUs to train these networks in large scale, yet a comprehensive mathematical
theory explaining this success seems distant.
The goal of this mini-symposium is to address various aspects (such as, e.g., invariant
data representation, expressive power, generalization errors, feature extraction complexity, energy propagation) of deep neural networks from a mathematical point of
view. To this end, the mini-symposium aims at discussing the most recent achievements with respect to the theoretical understanding of deep neural networks, as well
as to promote the analysis of deep neural networks within the community of Inverse
Problems.
Talks 1. Learning theory of deep networks: what we know and what we don’t
details:
Lorenzo Rosasco, University of Genova and Massachusetts Institute of Technology
Abstract: While in practice deep learning architectures are very successful, our understanding of their properties is still quite limited. Learning theory has proved useful in the
past to model and analyze a variety of learning algorithms, and it is natural to consider
deep learning networks within this framework.
In this talk, we will review some recent and classical results on deep learning networks,
as well as highlight open mathematical challenges.

2. Geometric and combinatorial perspectives on deep neural networks
Guido Montufar, Max Planck Institute for Mathematics in the Sciences
Abstract: One of the intuitions behind deep learning is that, in some sense, deep
neural networks are more powerful than shallow ones, especially when it comes to solving
problems that we care about in practice. It is an interesting and challenging problem to
address this proposition from a theoretical standpoint.
In this talk I discuss geometric and combinatorial investigations addressing fundamental properties of the function classes represented by different types of neural networks,
including certain complexity measures, the dimension and identifiability of parameters,
approximation errors, and the minimal size of universal approximators. I present some examples to illustrate the mathematical challenges and instances in which we can draw clear
distinctions between different types of neural networks and show significant advantages of
depth.
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3. Generalization error of deep neural networks: classification margin and
invariance
Jure Sokolic, University College London
Abstract: A small generalization error of Deep Neural Networks (DNNs) is crucial for
their success in practice. In this talk, we establish the generalization error bounds of
DNNs based on their classification margin and the data complexity. In particular, a DNN
achieves a large classification margin provided that the network’s Jacobian matrix in the
neighborhood of the training samples has a small spectral norm. The Jacobian matrix
can be derived for various modern DNNs with various non-linearities, pooling layers and
normalization layers, and is therefore very general. An important implication of our
analysis is that DNNs of arbitrary depth or width can have a small generalization error.
We discuss the implications of our results for the regularization of DNNs and propose a
novel DNN regularization strategy.
We also extend the results to DNNs that are invariant to a set of transformations. For
example, the convolutional DNNs are translation invariant. We show that the invariance
of DNNs reduces the "effective" complexity of data, which leads to a smaller generalization
error. Moreover, the reduction in the "effective" complexity of the data (and therefore
the generalization error) is proportional to the size of the set of transformations.
This is joint work with Raja Giryes, Guillermo Sapiro and Miguel Rodrigues.

4. Feature selection from real-world data with non-linear observations
Martin Genzel, Technische Universität Berlin
Abstract: A fundamental challenge in machine learning is the selection of discriminative features from a relatively small collection of samples. Here, the observations are often
supposed to follow a noisy single-index model, depending on a certain set of target variables. The major difficulty is now that these variables cannot be observed directly, but
rather arise as hidden factors in the actual data vector. A typical example would be mass
spectrometry data of the human proteome, where the desired molecular concentrations of
proteins are intrinsically encoded by means of Gaussian-shaped peaks.
In this talk, we will see that a successful feature selection is still possible when the applied
estimator does not have any knowledge of the underlying data representation and only
takes the "raw" samples as input. Guarantees of such type are especially appealing for
practical purposes, since in many applications even standard methods, e.g., the Lasso or
logistic regression, yield surprisingly good outcomes. The mathematical basis of our results
forms a recent framework for structured signal recovery from highly underdetermined
(non-)linear equation systems. This allows us to treat the problem of feature selection
in a unified way, particularly including non-linear observations, arbitrary convex signal
structures as well as strictly convex loss functions.
This is joint work with Gitta Kutyniok.
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M22-2: Deep neural networks: theory and application (Part II)
Scheduled: Parallel Session TBA
Organizers: Jens Behrmann, University of Bremen

Thomas Wiatowski, ETH-Zürich
Description: In the past decade, deep neural networks have led to breakthrough results in numerous
practical machine learning tasks such as, e.g., image classification on the ImageNet
dataset, control-policy learning to play Atari games, or facial landmark regression. In
a nutshell, deep neural networks are architectures composed of multiple layers, each of
which computes a linear transform (such as, e.g., a convolutional transform), followed
by a pointwise non-linearity and a so-called pooling operation. While the tremendous
success of deep neural networks can be explained by the presence of large data sets
(e.g., the ImageNet dataset comprises more than one million natural images) and the
usage of GPUs to train these networks in large scale, yet a comprehensive mathematical
theory explaining this success seems distant.
The goal of this mini-symposium is to address various aspects (such as, e.g., invariant
data representation, expressive power, generalization errors, feature extraction complexity, energy propagation) of deep neural networks from a mathematical point of
view. To this end, the mini-symposium aims at discussing the most recent achievements with respect to the theoretical understanding of deep neural networks, as well
as to promote the analysis of deep neural networks within the community of Inverse
Problems.
Talks 1. Global optimality and regularization in deep learning
details:
Ben Haeffele, Johns Hopkins University
Abstract: Many commonly used methods in machine learning-including matrix factorization, tensor factorization, and deep neural networks-seek to learn meaningful representations directly from data. These techniques have achieved considerable empirical success
in many fields, but common to a vast majority of these approaches are the disadvantages
that the associated optimization problems are typically non-convex and one is forced to
specify the size of the learned representation a priori. This talk will present a general
framework which allows for the analysis of a wide range of non-convex representation
learning problems. The framework allows the derivation of sufficient conditions to guarantee that a local minimizer of the non-convex optimization problem is a global minimizer
and that from any initialization it is possible to reach a global minimizer using a local
descent algorithm. Further, the flexibility of the framework allows for a wide range of
regularization functions to be incorporated into the model to capture known prior information and to adaptively fit the size of the learned representation to the data instead of
defining it a priori. Implications of this work will be discussed as they relate to modern
practices in deep learning. .
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2. On the expressive power of deep learning: a tensor analysis
Nadav Cohen, Hebrew University of Jerusalem
Abstract: We derive an equivalence between convolutional networks—the most successful deep learning architecture to date—and tensor decompositions. The equivalence
is used to analyze the expressive properties of such networks, settling old conjectures
as well as proving new and surprising results. We show that with linear activation and
product pooling, almost all functions realized by a deep network require exponential size
in order to be realized (or approximated) by a shallow network. Surprisingly, the result
no longer holds when the activation and pooling operators are switched to ReLU and
max/average respectively. This suggests that in terms of expressiveness, the most popular type of convolutional networks is inferior to an alternative "arithmetic circuit" variant,
which has recently been implemented and is showing promising results in practice. We
focus on the latter, extending the analysis beyond separation of depths. Specifically, we
study expressible functions in terms of their ability to model correlation between regions
of the input. We find that this ability is only achievable through depth, and that a deep
network’s pooling geometry selects which correlations can be modeled, thereby controlling
the inductive bias.

3. Input reconstruction in convolutional neural networks
Jens Behrmann, University of Bremen
Abstract: Hierarchical models consisting of convolutional transforms, followed by nonlinearities and pooling operations called deep convolutional neural networks (CNNs) nowadays allow to compute data representations which are highly competitive for classification
task in a wide range of applications. These feature extractors are solely trained in a discriminative fashion, yielding a model with increasingly abstract features by going through
many of these operations. However, both the understanding of this general architecture
as well as insights into a particular model is limited.
In this talk, we focus on understanding CNNs by inverting the feature extraction process.
As these models are trained discriminatively, only task-relevant information is preserved.
We thus aim to cast this reconstruction problem from features as an inverse problem.
Furthermore, applications from computer vision tasks and classification of tumors using
mass spectrometry will be shown.
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4. Energy decay and conservation in deep convolutional neural networks
Thomas Wiatowski, ETH-Zürich
Abstract: Many practical machine learning tasks employ very deep convolutional neural
networks (DCNNs). Large depths pose, however, formidable computational challenges in
training and operating the network. It is therefore important to understand how many
layers are needed to have most of the features of the input signal be contained in the feature
vector generated by the network. This question can be formalized by asking how quickly
the energy contained in the feature maps decays across layers. In addition, it is desirable
that none of the input signal’s features be "lost" in the feature extraction network or,
more formally, we want energy conservation in the sense of the energy contained in the
feature vector being proportional to that of the corresponding input signal.
In this talk, we characterize the energy decay rate and establish conditions for energy conservation for a wide class of DCNNs. Specifically, we consider general scattering networks,
and find that under a mild analyticity and high-pass condition on the filters (which encompasses, inter alia, various constructions of Weyl-Heisenberg filters, wavelets, ridgelets,
curvelets, and shearlets) the feature map energy decays at least polynomially fast. For
wavelets and Weyl-Heisenberg filters, the guaranteed decay rate is shown to be exponential. Our results yield handy estimates of the number of layers needed to have most of
the input signal energy be contained in the feature vector.
This talk represents joint work P. Grohs and Helmut Bölcskei.
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M23-1: Some recent advances in regularization theory and numerical algorithms for ill-posed inverse problems (Part I)
Scheduled: Parallel Session TBA
Organizers: Ye Zhang, Örebro University

Guozhi Dong, University of Vienna
Description: This mini-symposium will cover issues on Regularization Theory and Numerical Algorithms for some linear and nonlinear ill-posed inverse problems. It aims at bringing
together researchers who are interested in mathematical and computational aspects of
modern inverse method that build on advanced PDE analysis, optimization, and regularization. This mini-symposium showcases the latest inverse problem relevant research
by both leading experts and young researchers within regularization and optimization.
It will also provide a forum for direct exchange of perspectives and ideas, concerning
the mathematical and numerical analysis of ill-posed inverse problems.
Talks 1. Two regularizing algorithms for the inverse source problem in biolumidetails:
nescence tomography
Xiaoliang Cheng, Zhejiang University
Abstract: In the bioluminescence tomography (BLT) problem, one constructs quantitatively the bioluminescence source distribution inside a small animal from optical signals
detected on the animal’s body surface. The BLT problem is ill-posed and often the
Tikhonov regularization is used to obtain stable approximate solutions. In this talk, we
discuss two new regularizing algorithms for the inverse source term problem by extra
boundary observed data – the coupled complex boundary method and the new KohnVogelius type method. We will derive some analysis results and present some numerical
experiments.

2. A nonlocal, nonconvex functional for coherence enhancing image
restoration
Markus Grasmair, Norwegian University of Science and Technology
Abstract: In this talk we will propose and analyse a variational method for image
restoration that is based on a nonconvex and nonlocal integral functional. The main idea
is to increase the local coherence of the restored images by penalising local variations of the
direction of the gradient, which can be achieved using a nonconvex although separately
convex regularisation functional. Because of the separate convexity one obtains lower
semicontinuity of the resulting regularisation functional and as a consequence the existence
of minimisers; uniqueness, however, cannot be guaranteed because of the lack of convexity.
In the talk we will briefly discuss the underlying theory and present numerical results in
order to demonstrate the conherence enhancing effects of the proposed method.
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3. The damping dynamical systems method: a robust numerical solver for
inverse problems
Ye Zhang, Örebro University
Abstract: This study considers the use of damping dynamical system (DDS) methods to solve general ill-posed inverse problems. Both fixed and dynamical regularization
parameter selection methods are investigated. The sensitivity of the DDS with respect
to noisy data is studied. It is shown that the a priori selected dynamical regularization
parameter can be applied in practice by ignoring a constant factor, since it can be adjusted automatically during the evolution of the process. A modified symplectic scheme
is proposed for the numerical solution. The numerical analysis of this scheme for the
finite linear problem is given. Moreover, (global and local) optimal DDS methods are also
discussed for the finite linear model. Finally, an inverse problem in a partial differential
equation is solved by the DDS, to demonstrate the robustness of the developed method.

4. Synchrotron-based regularizing micro-CT imaging in shale structure
analysis
Yanfei Wang, Chinese Academy of Sciences
Abstract: With the development of nonconventional oil and gas exploration, microscopic analysis of mineral distributions in shale receives much more attention in recent
years. Meanwhile X-ray computerized tomography (CT) based on synchrotron radiation
(SR), as a non-destructive technique, become an important tool and can be applied to
the study of morphology, microstructure, transport properties and fracturing of shale.
Traditional methods such as optical and scanning electron microscopy (SEM) are common tools for providing valuable information of microstructures; however, those surface
observations are often inadequate in obtaining detailed 3D information of the sample,
such as compositional distribution inside the shale. Moreover, samples of shale are usually damaged during serial sectioning. Therefore two scientific issues rose: one is how to
generate high level reconstructed image data using SR-CT, another is how to use these
CT image data to analyzing compositional microstructures. We study sparse optimization
methods for reconstruction of image using SR-CT data. In addition, we study microstructure prediction with a volume of material on a simple cubic lattice, where each site, or
voxel, represents a small region of space containing a mixture of compositions forming the
material. Synthetic and practical experiments are performed.
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M23-2: Some recent advances in regularization theory and numerical algorithms for ill-posed inverse problems (Part II)
Scheduled: Parallel Session TBA
Organizers: Ye Zhang, Örebro University

Guozhi Dong, University of Vienna
Description: This mini-symposium will cover issues on Regularization Theory and Numerical Algorithms for some linear and nonlinear ill-posed inverse problems. It aims at bringing
together researchers who are interested in mathematical and computational aspects of
modern inverse method that build on advanced PDE analysis, optimization, and regularization. This mini-symposium showcases the latest inverse problem relevant research
by both leading experts and young researchers within regularization and optimization.
It will also provide a forum for direct exchange of perspectives and ideas, concerning
the mathematical and numerical analysis of ill-posed inverse problems.
Talks 1. On the convergence of the gradient methods for nonlinear ill-posed probdetails:
lems
Stefan Kindermann, Johannes Kepler University Linz
Abstract: We study the convergence of the gradient descent method for solving nonlinear ill-posed problems where the solution is characterized as a global minimum of a
differentiable functional in a Hilbert space. The classical least-squares functional for nonlinear operator equations is a special instance of this framework and the gradient method
then reduces to Landweber iteration. Of special interest here are the nonlinearity conditions that have to be imposed in order to verify convergence. The main point of this
talk concerns a proof of weak and strong convergence of gradient iterations under new
nonlinearity conditions that generalize the classical tangential cone conditions.

2. On solving inverse problems using second order damped dynamical systems
Mårten Gulliksson, Örebro University
Abstract: It is well known that the solution to the (nonlinear) Laplace (Poisson and
others) equation can be attained by the stationary solution of the corresponding heat
equation. The same is true when using the damped wave equation but the time dependency is then of second order. We will discuss the latter approach in the context of inverse
problems and show how the method can be applied to problems in image analysis.

2. Deautoconvolution and quadratic isometries
Jens Flemming, Technical University of Chemnitz
Abstract: Regularized inversion of ill-posed autoconvolution equations evades handling
by standard regularization theory because assumptions of tangential cone type could not
be verified up to now and source conditions are known to hold only in few cases. We present
a decomposition approach for nonlinear mappings with quadratic structure which allows
to develop suitable regularization methods and provides some insight into the nonlinear
nature of autoconvolution problems. The main ingredient are quadratic isometries and
we will pay special attention to their properties.
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4. Convergence rates for q-norm regularization and equivalent conditions
Guozhi Dong, University of Vienna
Abstract: We shall discuss source conditions and convergence rates of the solution
of Tikhonov regularization for solving ill-posed problems, in the case of using 𝑞 norm
with power 𝑞 (1 ≤ 𝑞 < 2) as a penalty term. We will show some new convergence rates
results and their equivalent conditions. Moreover, the relations among some typical source
conditions, namely the range condition, the spectral tail condition and the variational
inequality, will be clarified.
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M24-1: Bayesian inverse problems with non-Gaussian priors (Part I)
Scheduled: Parallel Session TBA
Organizers: Sergios Agapiou, University of Cyprus

Hanne Kekkonen, University of Warwick
Tapio Helin, University of Helsinki
Description: The Bayesian approach to inverse problems with Gaussian priors has been extensively
studied in recent years, both from the theoretical and the computational perspective.
The Gaussian hypothesis enabled an in-depth analysis of many aspects of the posterior,
for example its stability with respect to perturbations of the data, its stability with
respect to approximation of the forward problem and the existence and behaviour of
the maximum a posteriori estimator. Furthermore, it enabled the development and the
detailed study of the efficiency of various algorithms for generating samples from the
posterior and estimating posterior expectations.
However, Gaussianity does not always reflect the available prior information on the
unknown. For example we may expect the unknown to have a sparse representation in
some basis, or to have jump discontinuities, neither of which is appropriately reflected
by Gaussian priors. As a result, more recently there has been a wealth of activity in
the study of Bayesian inverse problems with non-Gaussian priors, such as Besov priors,
𝛼-stable priors, infinitely divisible priors, geometric priors etc.
The use of non-Gaussian priors, on the one hand allows greater flexibility in representing the available prior information, but on the other hand poses many challenges
both in the theoretical analysis of the posterior as well as in the development and
study of algorithms for probing the posterior. This minisymposium will bring together
researchers to discuss these challenges and to present recent advances in the Bayesian
approach to inverse problems with non-Gaussian priors.
Talks 1. Continuous-parameter Cauchy priors and hyperpriors for Bayesian indetails:
version with applications
Lassi Roininen, University of Warwick
Abstract: We consider two classes of non-Gaussian priors: Cauchy difference priors
and Matérn field priors with length-scaling modeled as continuous-parameter Cauchy
hyperpriors. While the Cauchy priors promote edge-preserving inversion, the combination
of Cauchy hyperprior and Matérn prior promotes both smoothness and edge-preserving
properties. We consider the interplay between the continuous and discrete priors and
hyperpriors. We apply the methodology to interpolation and tomography. As an MCMC
algorithm, we use a combination of Gibbs and Metropolis-within-Gibbs (single-component
and blocked) algorithms. At last, we briefly discuss the generalisation of Cauchy priors
and hyperpriors to general 𝛼-stable priors.

2. Bayesian inverse problems with heavy-tailed stable Banach space priors
Han Cheng Lie, Free University of Berlin
Abstract: We extend the framework of Bayesian inverse problems in infinitedimensional parameter spaces to the case of heavy-tailed prior measures belonging to
the family of stable distributions. These distributions are useful for modeling heavytailed phenomena, and provide interesting theoretical challenges such as the absence of a
well-defined mean. We describe sufficient conditions for a Karhunen-Loeve expansion with
coefficients drawn from a stable distribution to be well-defined. We also discuss the issue
of mutual absolute continuity of priors with respect to perturbations in the parameters
that determine the stable distribution, using the Cauchy distribution as an example. This
is joint work with Tim Sullivan (Free University of Berlin / Zuse-Institute Berlin).
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3. Edge-preserving Bayesian inversion
Sergios Agapiou, University of Cyprus
Abstract: We will consider Bayesian inverse problems in function spaces with Gaussian
noise and non-Gaussian priors, namely Besov priors of order 1 and Cauchy priors. Such
priors are known to give rise to posteriors, which encourage edge-preservation, while the
difficulty is that such posteriors are only available as a change of measure from the prior.
We will discuss certain theoretical properties of such priors and will use them to define
and study statistical summaries of the posterior distribution, namely the maximum a
posteriori estimator (MAP). If time permits we will also discuss the problem of sampling
the posterior. This is joint work with Masoumeh Dashti, Tapio Helin, Tim Sullivan, Han
Cheng Lie and Stavros Vakeroudis.

4. Well-posed Bayesian inverse problems beyond Gaussian priors
Bamdad Hosseini, Simon Fraser University
Abstract: The Bayesian approach for solution of inverse problems have attracted a lot
of attention in the past few decades due to the fact that it provides a natural means for
quantification of uncertainty. This approach is well established in the statistics literature
where it is often applied to problems with a finite dimensional parameter space. However,
the analysis of the Bayesian approach on infinite dimensional spaces is less developed.
In this talk we will discuss the well-posedness of Bayesian inverse problems (existence,
uniqueness and stability of the posterior) as well as their consistent approximations in the
setting where the parameter of interest belongs to a Banach space. We will focus on the
case of non-Gaussian prior measures and present a well-posedness theory that is applicable
to heavy tailed priors. In particular, we will present the classes of infinitely divisible
and convex prior measures and discuss their connection to sparse recovery techniques
such as l_1 regularization and other conventional convex regularization techniques in the
variational approach to inverse problems.
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M24-2: Bayesian inverse problems with non-Gaussian priors (Part II)
Scheduled: Parallel Session TBA
Organizers: Sergios Agapiou, University of Cyprus

Hanne Kekkonen, University of Warwick
Tapio Helin, University of Helsinki
Description: The Bayesian approach to inverse problems with Gaussian priors has been extensively
studied in recent years, both from the theoretical and the computational perspective.
The Gaussian hypothesis enabled an in-depth analysis of many aspects of the posterior,
for example its stability with respect to perturbations of the data, its stability with
respect to approximation of the forward problem and the existence and behaviour of
the maximum a posteriori estimator. Furthermore, it enabled the development and the
detailed study of the efficiency of various algorithms for generating samples from the
posterior and estimating posterior expectations.
However, Gaussianity does not always reflect the available prior information on the
unknown. For example we may expect the unknown to have a sparse representation in
some basis, or to have jump discontinuities, neither of which is appropriately reflected
by Gaussian priors. As a result, more recently there has been a wealth of activity in
the study of Bayesian inverse problems with non-Gaussian priors, such as Besov priors,
𝛼-stable priors, infinitely divisible priors, geometric priors etc.
The use of non-Gaussian priors, on the one hand allows greater flexibility in representing the available prior information, but on the other hand poses many challenges
both in the theoretical analysis of the posterior as well as in the development and
study of algorithms for probing the posterior. This minisymposium will bring together
researchers to discuss these challenges and to present recent advances in the Bayesian
approach to inverse problems with non-Gaussian priors.
Talks 1. MAP estimation for piecewise continuous inversion
details:
Matthew Dunlop, California Institute of Technology
Abstract: We study the inverse problem of estimating a field from a finite number of
noisy nonlinear observations. Our interest is in the reconstruction of piecewise continuous
fields, in which the discontinuity set can be described by a finite number of geometric
parameters. We take a Bayesian approach, with a class of priors whose samples have this
structure. Specifically, the prior field is assumed to be piecewise Gaussian with random
interfaces between the different Gaussians defined by a finite number of parameters. The
problem of MAP estimation is then considered.
In the case that the prior field is Gaussian, MAP estimators can be characterized as
minimizers of a generalized Onsager-Machlup functional (Dashti et al ’13). We show that
this is also true for our geometric priors, extending the definition of the Onsager-Machlup
functional appropriately to account for compactly supported parameters. In showing
applicability of our theory we focus on the groundwater flow and EIT models, though the
theory holds more generally. We also make connections with work on MAP estimators for
linear problems and possibly non-Gaussian priors (Helin, Burger ’15), which employs the
notion of Fomin derivative.
Finally we present numerical experiments for the groundwater flow model, demonstrating
the feasibility of determining MAP estimators for these piecewise continuous models, but
also that the geometric formulation can lead to multiple nearby (local) MAP estimators.
We relate these MAP estimators to the behaviour of output from MCMC samples of the
posterior.
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2. A stochastic optimization-based sampler for solving nonlinear hierarchical Bayesian inverse problems
Tiangang Cui, Monash University
Abstract: With a suitably chosen stochastic perturbation, the maximum a posteriori
(MAP) estimator of a statistical inverse problem can be interpreted as a Monte Carlo
method for sampling the posterior density. Based on this result, we present a randomizethen-optimize (RTO) approach to obtain samples from either the joint posterior or the
marginal posterior of hierarchical Bayesian formulations of linear and nonlinear inverse
problems. Examples in electrical impedance tomography and stochastic differential equation are given to demonstrate the efficacy of our approach. This is joint work with
Johnathan Bardsley (Montana).

3. Large noise in variational regularization
Hanne Kekkonen, University of Warwick
Abstract: We consider variational regularisation methods for inverse problems with
large noise, which is in general unbounded in the image space of the forward operator.
We introduce a Banach space setting that allows to define a reasonable notion of solutions
for more general noise in a larger space provided one has sufficient mapping properties of
the forward operator. As a natural further step we study stochastic noise models and in
particular white noise, for which we derive error estimates in terms of the expectation of
the Bregman distance. As an example we study Besov and total variation priors.
This is joint work with Martin Burger and Tapio Helin.
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M25-1: Inverse potential field problems in geoscience (Part I)
Scheduled: Parallel Session TBA
Organizers: Laurent Baratchart, INRIA, Sophia Antipolis

Christian Gerhards, University of Vienna
Description: In many geophysical problems the measured quantity can be related to a harmonic
potential. Prominent examples are the gravity potential and magnetic/electric fields
produced by rock samples, the entire Earth, or brain activity. This leads to inverse
problems such as the reconstruction of mass densities, magnetizations, or conductivities. This minisymposium aims at the exchange on different aspects of the modeling,
analysis (uniqueness, stability), and numerical methods for such problems.
Talks 1. A new reconstruction method for the inverse source problem from pardetails:
tial boundary measurements
Antoine Laurain, University of São Paulo
Abstract: The inverse source problem is reformulated as a topology optimization problem, where the support of the mass distribution is the unknown variable. The Kohn–
Vogelius functional is minimized. It measures the misfit between the solutions of two
auxiliary problems containing information about the boundary measurements. The Newtonian potential is used to complement the unavailable information on the hidden boundary. The resulting topology optimization algorithm is based on an analytic formula for
the variation of the Kohn–Vogelius functional with respect to a class of mass distributions
consisting of a finite number of ball–shaped trial anomalies. The resulting reconstruction
algorithm is non–iterative and very robust with respect to noisy data. In order to show
the effectiveness of the devised reconstruction algorithm, some numerical experiments in
two and three spatial dimensions are presented.

2. Fast level-set methods for gravity data inversion
Jianliang Qian, Michigan State University
Abstract: We will give an overview on our recent works on fast level-set methods for
gravity and magnetic data inversion.

3. Approximation and inversion of potential field data via the ROFMP
Roger Telschow, University of Vienna
Abstract: The choice of a suitable system of trial functions is an essential issue in geoscientific inverse problems. The presented algorithm, Regularized Orthogonal Functional
Matching Pursuit (ROFMP), is able to combine arbitrary trial functions for the approximation or inversion of given potential field data. The functions are iteratively picked out
of a dictionary which may consist of various types of functions. Thus, one is able to use
a dictionary which is particularly tailored for the underlying application. For instance,
a combination of spherical harmonics as well as several localized basis functions in the
dictionary can be used to obtain a (sparse) downward continuation of gravitational data.
By considering a dictionary with appropriate time-periodic trial functions, the ROFMP
is in another example able to extract periodic tidal signals out of geomagnetic field data.
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4. On greedy algorithms for inverse gravimetric problems
Max Kontak, University of Siegen
Abstract: In recent years, the Geomathematics Group at the University of Siegen has
developed a greedy algorithm for the solution of linear inverse problems, called the Regularized Functional Matching Pursuit (RFMP), as well as a variant called the ROFMP.
Lately, we have developed several new modifications of this algorithm (e.g., to solve nonlinear inverse problems). In this talk, we will discuss some of these modifications and
present numerical results related to inverse potential field problems, such as the inverse
gravimetric problem.
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M25-2: Inverse potential field problems in geoscience (Part II)
Scheduled: Parallel Session TBA
Organizers: Laurent Baratchart, INRIA, Sophia Antipolis

Christian Gerhards, University of Vienna
Description: In many geophysical problems the measured quantity can be related to a harmonic
potential. Prominent examples are the gravity potential and magnetic/electric fields
produced by rock samples, the entire Earth, or brain activity. This leads to inverse
problems such as the reconstruction of mass densities, magnetizations, or conductivities. This minisymposium aims at the exchange on different aspects of the modeling,
analysis (uniqueness, stability), and numerical methods for such problems.
Talks 1. Approximate marginalization over homogenization related approximadetails:
tion errors in geomagnetic inverse problems
Susana Guzman, University of Auckland
Abstract: Classical homogenization deals with the effective material parameters at
the limit when the period of the small scale parameter tends to zero. We consider the
homogenization problem that is related to the geomagnetic inverse problems. Instead of a
periodic small scale parameter, we consider both the large and small scale parameters as
random fields with (possibly) overlapping spectra. The small and large scale fields may be
mutually correlated or uncorrelated. We carry out approximate marginalization over the
small scale parameter and derive the approximate posterior distribution of the large scale
parameter given the magnetic field measurements on the surface. We show that with the
marginalization approach, one can obtain feasible posterior point and spread estimates.

2. Moment and local moments recovery for thin magnetizations
Laurent Baratchart, INRIA, Sophia Antipolis
Abstract: We discuss recovery of the net moment for a magnetization compactly supported on thin slab magnetization from measurements above the slab. We consider extremal problems whose solution yields, at least theoretically, an estimate of the net moment with prescribed accuracy. We also study local moments recovery. In contrast to
the net moment, local moments are not well-defined, but regularization can be used to
estimate those generated by a magnetization of minimum L2 norm.

3. On the unique recovery of crustal and core contributions of geomagntic
potential fields
Christian Gerhards, University of Vienna
Abstract: In geomagnetism it is of interest to separate the core and the crustal contribution of the Earth’s magnetic field. Here we model these contributions by two potentials
generated on two different spheres, with the additional assumption that the crustal magnetic field is generated by a magnetization with compact support. Using the Hardy-Hodge
decomposition, we show that under these assumptions it is possible to uniquely separate
the crustal from the core contribution if only the superposition of the potential field of
the two contributions is measured on an external sphere.
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4. Optimal transport and the quadratic Wasserstein metric for seismic
inversion
Yunan Yang, University of Texas at Austin
Abstract. Full-waveform inversion (FWI) is a large-scale data-fitting procedure to
achieve high-resolution velocity image. Recent developments in high-performance computing make FWI feasible today. Conventional FWI using the least-squares norm (𝐿2 )
as a misfit function is known to suffer from cycle skipping. We proposed the quadratic
Wasserstein metric (𝑊2 ) as a new misfit function for FWI. It has been proved to have
many ideal properties with regards to convexity and insensitivity to noise. Unlike the 𝐿2
norm, 𝑊2 measures not only amplitude differences, but also global phase shifts, which
helps to avoid cycle skipping issues. We propose two ways of using the 𝑊2 metric in FWI:
trace-by-trace comparison and global comparison. Numerical results on synthetic models
and field data demonstrate the promising future of this new misfit function.
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M26-1: Recent works on inverse problems in elasticity for medical imaging
and material science applications
Scheduled: Parallel Session TBA
Organizers: Pierre Millien, CR - Institut Langevin

Laurent Seppecher, MCF-École Centrale de Lyon
Description: In this mini-symposium, we present some recent works on elastic properties estimation
with applications in medical imaging and material science. Some works improved
elastic inclusions detection from boundary stress measurements and others focus on
the local quantitative estimation of the full elastic tensor with minimal smoothness
assumption from internal field measurements. We also describe mathematical models
for the full field detection using a second modality such as ultrafast-ultrasound or
optical techniques.
Talks 1. Joint sparsity based elasticity imaging with underdetermined measuredetails:
ments
Abdul Wahab, Korea Advanced Institute of Science and Technology
Abstract: In this talk, a compressed sensing based algorithm will be presented for
efficient and accurate reconstruction of the spatial support of multiple inhomogeneous
elastic inclusions in a bounded elastic formation and their material parameters. Only a
few measurements of the displacement field over a very coarse grid (in the sense of Nyquist
sampling rate) will be taken into account, on contrary to classical algorithms assuming
continuous or dense grid measurements. The proposed algorithm is not only very accurate since it does not require any linearization but is also computationally efficient as it
is direct. The breakthrough comes from a novel interpretation of Lippmann-Schwinger
type integral representation of the displacement field in terms of unknown densities (that
are linked to the internal displacement and strain fields) having common sparse support
on the location of inclusions. First, the support identification problem is recast as a joint
sparse recovery problem that renders such densities and the support of the inclusions
simultaneously. Then, using the leverage of the learned densities and associated internal
information, a linear inverse problem for quantitative evaluation of material parameters
is formulated. The resulting problem is then converted to a noise robust constraint optimization problem. For numerical implementation, modified Multiple Sparse Bayesian
Learning (M-SBL) algorithm and the Constrained Split Augmented Lagrangian Shrinkage
Algorithm (C-SALSA) are invoked. The efficacy of the proposed framework will be manifested through a variety of numerical examples. The significance of this investigation is
due to its pertinence for bio-medical imaging and non-destructive testing, wherein the real
physical measurements are only available on a sub-sampled coarse grid. It is believed that
the proposed algorithm is the first one tailored for parameter reconstruction problems in
elastic media using highly under-sampled data.

116

Minisymposia and contributed talks

2. Optimal direct method for non smooth elastic tensor local reconstruction from internal field measurements part I
Elie Bretin, MCF-INSA Lyon
Abstract: From internal displacement field data, we provide a direct method for local quantitative elastic tensor evaluation. We introduce an adapted subspace and basis
directly built from an evaluation of the strain tensor. In this basis, we recover an optimal guess of the 4-order elastic tensor with stability and minimal smoothness hypothesis.
From this optimal tensor, one can deduce optimal Lamé coefficients. The data can come
from static or dynamic (time or frequency) displacement field measurements. The elastic
displacement source can be uncontrolled, this approach provides the best reconstruction
that one can expect from a given set a measurements in some sense.

3. Mathematical modeling in full-field optical coherence elastography
Pierre Millien, CR-Institut Langevin
Abstract: We provide a mathematical analysis of and a numerical framework for fullfield optical coherence elastography, which has unique features including micron-scale
resolution, real-time processing, and non-invasive imaging. We develop a novel algorithm
for transforming volumetric optical images before and after the mechanical solicitation of
a sample with sub-cellular resolution into quantitative shear modulus distributions. This
has the potential to improve sensitivities and specificities in the biological and clinical
applications of optical coherence tomography.

4. Optimal direct method for non smooth elastic tensor local reconstruction from internal field measurements part II
Laurent Seppecher, MCF - École Centrale de Lyon
Abstract: The method described in this symposium by Elie BRETIN is easily adaptable
to a finite element discretization of the elastic direct problem variational formulation. We
build the adapted basis an recover the best local guess of the elastic tensor in a subset
of P0 with stability. I will explain the different error bounds depending on the level
of discretization and the quality of the measured displacement field. Through several
numerical examples, we show that this approach is able to provide very good elastic
properties estimates from many different kind of experiments. We mainly focus on the
medical imaging and material science applications. The use of passive measurements will
also be investigated.
.
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M27: Communications in uncertainty quantification and inverse problems
Scheduled: Parallel Session TBA
Organizers: Sergios Agapiou, University of Cyprus

Tapio Helin, University of Helsinki
Hanne Kekkonen, University of Warwick
Description: The aim of the minisymposium is to discuss connections between inverse problems and
the emerging field of uncertainty quantification. Uncertainty quantification is necessary
in inverse problems to assess statistical reliability of the obtained solutions. However,
ill-posedness of the underlying model generates challenges that are not typically considered in classical statistics literature.
Talks 1. Bernstein-von Mises theorems in linear inverse problems
details:
Kolyan Ray, University of Leiden
Abstract: The Bayesian approach to uncertainty quantification is to use the posterior
distribution to generate a credible set, that is a region of prescribed posterior probability
(often 95%). This can be considered an advantage of the Bayesian approach since credible
sets can be computed by simulation.
This approach is justified in finite-dimensional models by the Bernstein-von Mises (BvM)
theorem, which implies that Bayesian credible sets are asymptotically frequentist confidence sets. Unfortunately, this does not extend in general to the nonparametric setting
(see e.g. Freedman (1999)). More recently however, Castillo and Nickl (2013,2014) have
shown that a modified notion of BvM can hold in certain infinite-dimensional spaces with
weaker topologies than 𝐿2 and 𝐿∞ .
We extend this approach by establishing BvM results in the classical mildly ill-posed
linear inverse problem with Gaussian noise and propose adaptive credible sets that are
asymptotically exact confidence sets having optimal size.

2. Sparse tomography from the Bayesian perspective
Samuli Siltanen, University of Helsinki
Abstract: In X-ray tomography one records radiographs (projection images) of an object from different directions. Mathematically, the data can be interpreted as a collection
of line integrals of a nonnegative attenuation function. The inverse problem of recovering
the attenuation from noisy data is known to be ill-posed even in the case of a comprehensive set of projection directions. The ill-posedness is more severe when the data is
sparsely collected. However, considerations of radiation dose and measurement geometry
restrictions often force one to attempt reconstruction from sparse datasets. Bayesian inversion offers a flexible methodology for recovering estimates of the attenuation function,
including uncertainties relative to the prior information used. Presented are Bayesian
inversion results using measured X-ray tomographic data and multi-scale representations.
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3. Frequentist analysis of the posterior for high-dimensional models
Johannes Schmidt-Hieber, University of Leiden
Abstract: Recently, various methods have been proposed for estimation and model
selection in high-dimensional statistical settings. The most widely known procedure is
the LASSO which can be interpreted as a maximum a posteriori probability estimate.
Generalizing this, it seems natural to study high-dimensional statistics using the Bayesian
method. We summarise recent results concerning posterior shrinkage and model selection
for spike-and-slab type priors. These methods are known to perform well theoretically
but are hard to compute. The second part of the talk is devoted to priors which can be
represented as scale mixtures of normals. The well-known horseshoe prior is for instance
of this form. We derive sharp conditions under which such priors are sparsity inducing
and show some simulations.
This is joint work with Stephanie van der Pas (Leiden), JB Salomond (Paris), Aad van
der Vaart (Leiden) and Ismael Castillo (Paris VI)

4. Bayesian inverse problems with Laplacian noise
Remo Kretschmann, University of Duisburg-Essen
Abstract: We are interested in Bayesian inverse problems on function spaces with nonGaussian noise. In the case of Gaussian noise and a Gaussian prior, MAP estimators
can be characterised as minimisers of the Onsager-Machlup functional. We show that
this connection also holds true for Laplacian noise. It provides a rigorous derivation of
variational regularisations based upon explicit assumptions. Subsequently, we use this
knowledge to study the inverse heat equation in a Bayesian setting with Laplacian noise
and Gaussian prior. We make sure that a solution to the Bayesian inverse problem exists,
determine its Onsager-Machlup functional and prove that the MAP estimator is consistent
in a frequentist sense.
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M28-1: Structure exploiting methods in large-scale Bayesian computation
(Part I)
Scheduled: Parallel Session TBA
Organizers: Kody J. H. Law, Oak Ridge National Laboratory

Tiangang Cui, Monash University
Tan Bui-Thanh, University of Texas at Austin
Description: Bayesian computation for many science and engineering applications must contend with
expensive or intractable numerical models, typically embedded in likelihood functions
that involve high-dimensional parameters and/or high-dimensional data sets. Markov
chain Monte Carlo, sequential Monte Carlo, and other posterior exploration schemes
require repeated evaluations of such models, in principle over high-dimensional spaces.
In this setting, standard algorithms quickly become intractable. Methods for identifying and exploiting low-rank structure and sparsity in the representation of the
posterior distribution are becoming essential for solving these otherwise intractable
Bayesian inference problems. This mini-symposium will bring together researchers to
present recent advances in structure-exploiting methods intended to accelerate largescale Bayesian computation.
Talks 1. Multilevel sequential Monte Carlo methods
details:
Ajay Jasra, National University of Singapore
Abstract: In this talk I consider the multilevel Monte Carlo method. This is designed
for a wide class of problems where one is interested in an expectation w.r.t. a probability
measure. However, such a probability measure is intractable, in the sense that even using Monte Carlo methods, one cannot get a consistent estimate of the expectation, and
only, through Monte Carlo can get a ‘biased’ approximation, which is associated to a
discretization, in some way of the target probability. It is well-known that for some problems the multilevel Monte Carlo method can improve upon independent sampling from
the ‘most accurate’ discretization of the probability. This is via introducing a hierarchy
of discretizations, a simple collapsing sum representation of the expectation of interest
and an appropriate independent coupled sampling of the associated discretized probabilities. In some applications of practical interest, such independent coupled sampling is not
possible. We consider several strategies and contexts where this latter problem can be
overcome by using sequential Monte Carlo methods.

120

Minisymposia and contributed talks

2. Hessian-based sampling techniques for Bayesian inverse problems with
stochastic PDE forward model
Umberto Villa, University of Texas at Austin
Abstract: Partial differential equations (PDE) are a powerful tool to model complex
physical systems across many disciplines. PDE models often depend on some uncertain input parameters, whose values cannot be directly measured but need to be estimated from
some available, possibly noisy, experimental data. Bayesian inference provides a systematic framework for estimating such parameters and quantifying the resulting uncertainty.
For many applications of practical interests, the PDE model is often inadequate, that is
it only partially captures the complex dynamics of the physical system leading to a discrepancy between its outputs and reality. To model inadequacy we introduce a stochastic
term in the governing equations, leading to a Bayesian inverse problem where the likelihood function involves the expectation of the observables with respect to a stochastic
field. This poses a substantial computational challenge for Markov chain Monte Carlo
methods, since each evaluation of the likelihood requires many solutions of a computationally expensive and possibly nonlinear PDE forward problem for different realizations
of both the uncertain parameters and the stochastic field. In this talk we explore scalable
algorithms for the Bayesian calibration of inadequate PDE models that exploit derivative
(Hessian) information. An application to an algebraic closure model for turbulent flows
will be presented. This is joint work with P. Chen and O. Ghattas.

3. Adaptive dimension reduction to accelerate infinite-dimensional geometric MCMC
Shiwei Lan, California Institute of Technology
Abstract: Bayesian inverse problems highly rely on efficient and effective MCMC algorithms for uncertainty quantification. Infinite-dimensional MCMC algorithms, directly
defined on function spaces, are robust under refinement (through discretization, spectral
approximation) of physical models. Recently, a class of algorithms also starts to take
advantage of geometric information provided by, for example, quadratic approximation of
the parameter-to-observation map so that they are capable of exploring complex probability structures, as frequently arise in UQ for PDE constrained inverse problems. However,
the required geometric information, in particular the Fisher information metric, is very expensive to obtain in high dimensions. The issue can be mitigated by dimension reduction
techniques. By carefully splitting the unknown parameter space into a low-dimensional
geometry-concentrated subspace, and an infinite-dimensional geometry-flat subspace, one
may then apply geometry-informed MCMC methods to the low-dimensional subspace and
simpler methods to the infinite-dimensional complement (DILI, Cui et at 2016).
In this talk, we explore randomized linear algebraic algorithms (Halko et at 2011) to efficiently obtain a local low dimensional subspace to speed up geometric infinite-dimension
MCMC methods (Beskos et al 2016). Given the price already paid to obtain such geometric information, the small additional overhead has the potential to bring the benefit
of adaptive dimension reduction relatively cheaply.
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4. Unbiased estimation and exact simulation for Bayesian inverse problems
Sergios Agapiou, University of Cyprus
Abstract: We will consider PDE inverse problems formulated in function space. In
this approach, we put a prior distribution on the possibly infinite dimensional unknown
parameter and the solution takes the form of the posterior distribution on the unknown
parameter given the observed data. The aim is to extract information from the posterior, for example by calculating posterior expectations. The challenge is that typically
we cannot sample the posterior which is only available as a change of measure from the
prior, where this change of measure involves the solution of the forward problem. The
standard approach is then to construct a Markov chain with limiting distribution the
posterior measure and to use samples from this Markov chain to estimate posterior expectations, for example using the ergodic average. In this approach there are two forms of
approximation, due to a) the discretization of the possibly infinite dimensional parameter
and/or the discretization of the forward PDE in order to solve it numerically; b) the use
of finite-time samples from the Markov chain which have not necessarily converged to the
limiting posterior distribution. We will first discuss techniques for estimating posterior
expectations unbiasedly, that is we will construct estimators whose mean is the correct
posterior expectation. Then, we will discuss techniques for drawing samples from the
posterior without any error due to the discretization of the forward PDE solver.
The first part on unbiased estimation is work done in collaboration with Gareth Roberts
(Warwick) and Sebastian Vollmer (Oxford) (arXiv:1411.7713), while the second part on
exact estimation is ongoing work in collaboration with Gareth Roberts and Andrew Stuart
(Warwick).
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M28-2: Structure exploiting methods in large-scale Bayesian computation
(Part II)
Scheduled: Parallel Session TBA
Organizers: Kody J. H. Law, Oak Ridge National Laboratory

Tiangang Cui, Monash University
Tan Bui-Thanh, University of Texas at Austin
Description: Bayesian computation for many science and engineering applications must contend with
expensive or intractable numerical models, typically embedded in likelihood functions
that involve high-dimensional parameters and/or high-dimensional data sets. Markov
chain Monte Carlo, sequential Monte Carlo, and other posterior exploration schemes
require repeated evaluations of such models, in principle over high-dimensional spaces.
In this setting, standard algorithms quickly become intractable. Methods for identifying and exploiting low-rank structure and sparsity in the representation of the
posterior distribution are becoming essential for solving these otherwise intractable
Bayesian inference problems. This mini-symposium will bring together researchers to
present recent advances in structure-exploiting methods intended to accelerate largescale Bayesian computation.
Talks 1. Parameter uncertainty of chaotic systems
details:
Heikki Haario, Finnish Meteorological Institute
Abstract: The challenge of estimating parameters in chaotic systems is related to the
fact that a fixed model parameter does not correspond to a unique long-time model integration, but to a set of quite different solutions as obtained by setting, e.g., slightly
different initial values or solver settings. But while all such trajectories are different, they
approximate the same underlying attractor. We demonstrate that direct summary statistics do not identify the attractor, and propose an alternative approach based on fractal
dimension concepts. The approach provides a distance concept for chaotic trajectories
in the form of a well-defined statistical likelihood. The method is verified with various
chaotic ODE and PDE systems.

2. Random walk metropolis on ridged posterior densities
Alex Beskos, University College London
Abstract: We study the asymptotic behavior of the Random-Walk Metropolis algorithm
on ’ridged’ probability densities where most of the probability mass is distributed along
some key directions. Such class of probability measures arise in various applied contexts
including for instance Bayesian inverse problems where the posterior measure concentrates
on a manifold when the noise variance goes to zero. When the target measure concentrates on a linear manifold, we derive analytically a diffusion limit for the Random-Walk
Metropolis Markov chain. Our results show that in some cases, the usual practice of
adapting the step-size to control the acceptance probability might be sub-optimal as the
optimal acceptance probability is, somewhat surprisingly, zero.

123

Minisymposia and contributed talks

3. Robust hierarchical methods for Bayesian computation
Matt Dunlop, California Institute of Technology
Abstract: We consider the problem of non-parametric Bayesian inference, in particular that of Bayesian inversion. In this context, likelihood evaluations typically require
evaluation of an expensive PDE model. The number of such evaluations is hence preferred to be minimized. To this end, we introduce a family of prior distributions with
rich structure, constructed from hierarchies of Gaussian fields, which allow for flexible
identification of non-stationary features. These priors are defined on infinite dimensional
function space, and so equivalence and singularity of measures is key to their understanding. An appropriate parametrization that we introduce allows for any issues related to
this to be circumvented. In particular, this gives rise to Gibbs-based sampling algorithms
with convergence properties independent of mesh resolution. We illustrate the theory
with numerical simulations.

4. Some techniques for localizing particle filters
Alex Thiery, National University of Singapore
Abstract: Data assimilation (DA) is the process of combining mathematical models
with collected observations in order to make forecast and quantify the associated uncertainty. In this talk, we focus on the sequential nature of many DA problems; this context
naturally leads to the repeated application of Bayes formula. The particle filter algorithm
is a Monte-Carlo based approach that allows a straightforward numerical implementation
of these recursive updates. Particle filters rely on importance sampling combined with
a re-sampling step in order to propagate a set of particles forward in time; contrarily to
other methods such as the Ensemble Kalman Filter (EnKF), particle filters do not rely on
Gaussian assumptions and are asymptotically exact as the number of ensembles goes to
infinity. Although consistent, in order to give reliable results (i.e. avoid collapse), particle
filters typically require a number of ensembles that scale exponentially quickly with the
(effective) dimension of the state-space; traditional particle filters are consequently unusable for many large scale applications. To make progress, the spatial decorrelation that is
inherent to many applied scenarios has to be exploited through localization procedures.
In this talk, we review some of the techniques that have recently been developed for this
purpose and propose some new extensions. .

124

Minisymposia and contributed talks

M29-1: Discontinuity-preserving variational methods for biomedical imaging
problems (Part I)
Scheduled: Parallel Session TBA
Organizers: Martin Storath, Universität Heidelberg

Andreas Weinmann, University College London
Description: The minisymposium intends to bring together scientists working on imaging problems
using edge-preserving variational schemes such as free-discontinuity methods or (higher
order) total variation type methods. We want to cover analytical and algorithmic aspects as well as applications to various biomedical imaging modalities such as computed
tomography or magnetic resonance imaging.
We plan to have introductory talks for young researchers as well as expert talks focusing
on particular analytical and algorithmic aspects. Further, we want to address open
problems and related challenges.
Talks 1. Pulse wave velocity estimation via Magnetic Resonance Advection
details:
Imaging
Simon Hubmer, Johannes Kepler University Linz
Abstract: Magnetic Resonance Advection Imaging (MRAI) is a recently developed
method for mapping the pulsatory signal component of dynamic EPI data of the brain,
such as acquired in functional and resting state functional MRI experiments. Its underlying model is based on an advection equation. It has been shown that MRAI depicts the
location of major arteries as well as some venous structure. In addition, colour direction
maps allow for visualization of the orientation direction of blood vessels.
It has been suggested that MRAI may potentially serve as a biomarker for the health
of the cerebrovascular system. The reason for this is that MRAI is designed to reflect
the spatiotemporal properties of travelling waves, and pulse wave velocities (PWV) are a
main indicator for the physical properties of blood vessels.
First results in MRAI were achieved using a multiple regression approach for the underlying advection equation. In this talk, we present a different approach which is based
on a classical inverse problem of parameter estimation type. The resulting method for
estimating the PWV in the brain from functional MRI data yields improved results, as
will be demonstrated numerically using a model problem and a real-world MRI data set.
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2. Vector operator-based higher order TV-regularization
Eva-Maria Brinkmann, University of Münster
Abstract: The edges of an image constitute one of its major features. In many image
processing tasks we hence seek to find a reconstruction maintaining sharp edges while at
the same time providing smooth transitions between intensity values, thus not introducing
artificial edges.
Nowadays, one of the most popular regularization approaches in variational methods to
attain solutions characterized by these properties is the Total Generalized Variation [1]
given by:
TGV2 (𝑢) = 𝛼‖∇𝑢 − 𝑤‖1 + 𝛽‖ℰ𝑤‖1 ,
(1)
where ℰ denotes the symmetrized gradient of the vector field 𝑤.
In [2] we considered the SVF-model for image denoising, where the symmetrized gradient
of 𝑤 was replaced by the divergence operator leading to a regularization functional of the
form:
SVF(𝑢) = 𝛼‖∇𝑢 − 𝑤‖1 + 𝛽‖∇ · 𝑤‖1
(2)
In this talk we further extend this idea by considering not only the divergence of 𝑤, but
also other natural vector field operations such as the curl, the shear and combinations
thereof and investigate their effects on the reconstruction 𝑢.
Moreover, we also discuss various possibilities for discretizing the continuous variational
model.
References
[1]K. Bredies, K. Kunisch and T. Pock. Total generalized variation. SIAM J. Imag. Sci.
3(3) (2010), 492-526.
[2] E. Brinkmann, M. Burger and J. Grah: Regularization with sparse vector fields: From
image compression to Tv-type reconstruction. In Scale Space and Variational Methods in
Computer Vision, pages 191-202. Springer, 2015.

3. A variational reconstruction method for dynamical X-ray tomography
based on physical motion models
Andreas Hauptmann, University College London
Abstract: We study a variational approach that incorporates physical motion models
and regularization of motion vectors to achieve improved reconstruction results for dynamical X-ray tomography in two dimensions. A particular goal of the study is to use
realistic measurement protocols for practical applications, i.e. we do not assume to have
a full Radon transform in each time step, but only projections in few angular directions,
this restriction enforces a space-time reconstruction.
In particular we utilize the methodology of optical flow, which is one of the most common
methods to estimate motion between two images taken at different time instances. The
resulting minimization problem is then solved in an alternating way. Results are presented
for simulated and real measurement data.
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4. Edge-preserving reconstructions in incomplete data tomography
Jürgen Frikel, Ostbayerische Technische Hochschule Regensburg
Abstract: Tomographic reconstruction from incomplete data plays an important role in
many practical applications (due to technical restrictions), and is utilized as a technique
for dose reduction, e.g., in x-ray imaging. The underlying mathematical problem is known
to be severely ill-posed, i.e., even small measurement errors can cause huge reconstruction
errors. As a result, some features of the original object cannot be reconstructed reliably
(invisible singularities) if a significant portion of the data is missing and additional artifacts (added singularities) can be generated that can degrade the reconstruction quality
even further. Both phenomena can be mathematically characterized in terms of their orientations by using microlocal analysis. To integrate this type of information into practical
reconstruction algorithms, sophisticated tools are needed that can make this directional
information practically accessible. In this talk, we will discuss that highly directional
systems (such as parabolic molecules) can be used for the implementation of microlocal
characterizations into practical algorithms. In addition to that, we also show that by
using directional systems an orientation sensitive and edge preserving regularization can
be achieved.

127

Minisymposia and contributed talks

M29-2: Discontinuity-preserving variational methods for biomedical imaging
problems (Part II)
Scheduled: Parallel Session TBA
Organizers: Martin Storath, Universität Heidelberg

Andreas Weinmann, University College London
Description: The minisymposium intends to bring together scientists working on imaging problems
using edge-preserving variational schemes such as free-discontinuity methods or (higher
order) total variation type methods. We want to cover analytical and algorithmic aspects as well as applications to various biomedical imaging modalities such as computed
tomography or magnetic resonance imaging.
We plan to have introductory talks for young researchers as well as expert talks focusing
on particular analytical and algorithmic aspects. Further, we want to address open
problems and related challenges.
Talks 1. Spatio-temporal regularization for dynamic MRI applications
details:
Martin Holler, Karl-Franzens University Graz
Abstract: We discuss a variational method for reconstructing image sequences from
accelerated dynamic MR data. Our approach uses the infimal convolution of total generalized variation functionals (ICTGV) as regularization, which suitably combines higher
order spatial and temporal regularity.
The resulting minimization problem is solved using a primal-dual algorithm. A parallelized
implementation allows to reconstruct the full image sequence in a timescale of minutes.
The method is applicable to coil-weighted MRI and, by exploiting temporal redundancy,
allows a high reconstruction quality even in the case of strong undersampling. We show
applications to cardiac cine and perfusion imaging.

2. Prompt use of data and prior via minimization of L1 data fitting and
concave regularization
Mila Nikolova, University Paris-Saclay
Abstract: We focus on a recent family of objective functions for signal and image
recovery that combine an L1 data term and a symmetric regularization function concave
on the positive axis. The (local) minimizers of this kind of objective functions exhibit
strong and particular features, e.g., each sample of a minimizer satisfies exactly a data
equation and/or belongs to the null space of the linear term (differential plus dictionary)
the regularization. We shall explain these peculiar features and then the way to use them
to solve signal and image recovery tasks is quite obvious. The information in the data and
in the regularization term are fully exploited. The adopted algorithmic approach involves
thrust region search and the results are promising. For MRI imaging only 5% random
samples are needed in order to get a high-quality reconstruction.
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3. Fast piecewise affine optical flow estimation without segmentation
Denis Fortun, École Polytechnique Fédérale de Lausanne
Abstract: Piecewise parametric optical flow is usually estimated by alternating segmentation of the motion field and estimation of its parameters inside each region, which
yields a highly non-convex optimisation problem. The alternated optimization approach
is very sensitive to initialization, and has a high computational cost. We propose a new
method to compute a piecewise affine motion field by estimating a piecewise constant
parameter field, without any segmentation step. We design a proximal splitting scheme
yielding one-dimensional piecewise affine denoising subproblems, for which we propose
an efficient solver. We achieve competitive results without initialization of the optimization process, contrary to other piecewise affine methods. Our method is also significantly
faster. In particular, the number of regions is not known a priori and has no influence on
the computational cost.
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M30-1: Mathematical imaging with magnetic nanoparticles (Part I)
Scheduled: TBA
Organizers: Christina Brandt, University of Eastern Finland

Wolfgang Erb, University of Hawaii
Jürgen Frikel, Regensburg University of Appied Sciences
Description: Many novel imaging modalities like Magnetic Particle Imaging (MPI) and Magnetorelaxometry imaging (MRXI) determine the spatial distribution of magnetic nanoparticles based on their behavior in applied magnetic fields. In contrast to other tomographic
methods such as PET or SPECT, no radioactive tracers are needed for these modalities
which make them very promising for biomedical diagnostics.
In this Mini-symposium, we aim at bringing together researchers studying inverse problem related to imaging based on magnetic nanoparticles and fMRI. We want to cover
theoretical and practical aspects of such modalities as well as algorithmical and computational issues of the reconstruction. There will be introductory talks for young
researchers as well as expert talks focusing on particular mathematical and physical
aspects of imaging with magnetic fields. Further, we want to address open problems
and challenges related to these novel imaging modalities.
Talks 1. Increasing resolution in magnetorelaxometry imaging using ADMM
details:
with total variation and additional constraints
Janic Föcke, Universität Münster
Abstract. The reconstruction of a magnetic nanoparticle (MNP) distribution in a 3D
domain, by measuring its decaying magnetic response to the change in an external magnetic field, is a challenging mathematical task. For Magnetorelaxometry Imaging (MRXI)
the magnetic nanoparticles in the region of interest are influenced by an external field
resulting in an aligned magnetic moment of these particles. Due to the tiny magnetic
impact of a single MNP, only the overlay of all provided particles is strong enough to
be measured by Superconduction Interference Devices (SQUID) positioned outside the
domain. Based on the modeling of these processes we derive a linear system operator A
that allow us to calculate the measurement values at the SQUIDs position for a given
particle distribution. Due to the non-invertibility of the operator A, the determination of
the measurements underlying particle distribution provides an ill-posed problem. Using
the theory of inverse problems it is possible to reconstruct a suitable solution, however,
especially for high spatial resolutions we receive a highly underestimated problem, so that
classic approaches like Least Squares or Tikhonov Regularization are stretched over their
limits. Even for low resolutions the reconstructions of the named methods suffer from
the lack of information in low-sensitivity areas within the 3D domain. It hence becomes
crucial to use appropriate reconstruction models with additional prior information such
as total variation regularization. Here primal-dual algorithms like the Alternating Direction Method of Multipliers (ADMM) provide a strong tool using a-priori knowledge and
additional constraints on the solution of the reconstruction. With this method we are
able to improve the overall quality of the reconstruction and show promising results for
real data measurements even for high spatial resolutions.
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2. Nonlinear parameter identification problems for model-based magnetic
particle imaging
Tobias Kluth, Universität Bremen
Abstract. Magnetic particle imaging (MPI) is a tracer-based imaging modality developed to detect the concentration of superparamagnetic iron oxide nanoparticles. It
is highly sensitive to the nanoparticle’s nonlinear response to the applied magnetic field.
Model-based reconstruction techniques are still not able to reach the quality of data-based
approaches in which the linear system function is determined by a time-consuming measurement process. Possible reasons include the behavior of nanoparticles in fast changing
magnetic fields. The simple model of paramagnetism described by the Langevin function
is not sufficient to describe emerging relaxation effects. More sophisticated models are
required to gain reconstructions with comparable quality. To overcome the model error
we introduce parameter-dependent side constraints on the system function. In this talk
we discuss the nonlinear parameter identification problem arising from the joint reconstruction of particle concentration and introduced model parameter.

3. Spectral methods for the reconstruction in magnetic particle imaging
Wolfgang Erb, University of Hawaii
Abstract. In many common MPI scanners, the data acquisition is carried out along
Lissajous trajectories in a given field of view. The measured data corresponds to Fourier
expansion coefficients of the signal on the curve and the reconstruction problem consists
in determining the original distribution of magnetic particles from the spectral data on
the curve. Further, there is an intimate connection between Chebyshev polynomials in the
field of view and trigonometric polynomials on the Lissajous curve. In this talk, we will
discuss the usage of spectral methods for an efficient reconstruction In Magnetic Particle
Imaging. In particular, we will see how the usage of different Chebyshev transforms leads
to a sparse representation of the underlying system matrix and how sampling on particular
node points of the Lissajous curve can be combined with the Chebyshev transform in order
to get a fast reconstruction of the particle density.

4. Advancements in magnetorelaxometry imaging of magnetic nanoparticles
Daniel Baumgarten, The Health and Life Science University
Abstract. Promising biomedical applications based on magnetic nanoparticles, e.g.
novel cancer therapy approaches, share the need for a quantitative knowledge of the invivo distribution of the particles. Magnetorelaxometry (MRX) non-invasively obtains the
characteristic relaxation behavior of the particles after being exposed to sudden changes
of an external excitation field. From multichannel MRX measurements during sequential
activation of inhomogeneous excitation fields, the distribution of the particles can be
quantitatively determined by minimum norm estimation techniques. In this talk, different
approaches for the optimisation of the excitation coil geometry and for defining the spatial
and temporal activation patterns are presented.
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M30-2: Mathematical imaging with magnetic nanoparticles (Part II)
Scheduled: TBA
Organizers: Christina Brandt, University of Eastern Finland

Wolfgang Erb, University of Hawaii
Jürgen Frikel, Regensburg University of Appied Sciences
Description: Many novel imaging modalities like Magnetic Particle Imaging (MPI) and Magnetorelaxometry imaging (MRXI) determine the spatial distribution of magnetic nanoparticles based on their behavior in applied magnetic fields. In contrast to other tomographic
methods such as PET or SPECT, no radioactive tracers are needed for these modalities
which make them very promising for biomedical diagnostics.
In this Mini-symposium, we aim at bringing together researchers studying inverse problem related to imaging based on magnetic nanoparticles and fMRI. We want to cover
theoretical and practical aspects of such modalities as well as algorithmical and computational issues of the reconstruction. There will be introductory talks for young
researchers as well as expert talks focusing on particular mathematical and physical
aspects of imaging with magnetic fields. Further, we want to address open problems
and challenges related to these novel imaging modalities.
Talks 1. Reconstruction formulae for magnetic particle imaging in 2D and 3D
details:
Andreas Weinmann, University College London
Abstract. Magnetic particle imaging is a promising new in-vivo imaging modality. The
talk deals with model based reconstruction for MPI in two and three dimensions and, in
particular, with reconstruction formulae. Until now, only time consuming measurementbased approaches are available in the multivariate setup, whereas reconstruction formulae
are only available in 1D. The 2D and the 3D reconstruction formulae which we derive are
significantly different from the 1D situation – in particular there is no Dirac property in
dimensions greater than one in the high resolution limit. We further conclude that the
reconstruction problem in MPI is severely ill-posed.
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2. Edge preserving and noise reducing reconstruction for magnetic particle
imaging
Martin Storath, Universität Heidelberg
Abstract. Magnetic particle imaging (MPI) is an emerging medical imaging modality
which is based on the non-linear response of magnetic nanoparticles to an applied magnetic field. It is an important feature of MPI that even fast dynamic processes can be
captured for 3D volumes.
The high temporal resolution in turn leads to large amounts of data which have to be
handled efficiently. But as the system matrix of MPI is non-sparse, the image reconstruction gets computationally demanding.
Therefore, currently only basic image reconstruction methods such as Tikhonov regularization are used. However, Tikhonov regularization is known to oversmooth edges in the
reconstructed image and to have only a limited noise reducing effect. In this work, we
develop an efficient edge preserving and noise reducing reconstruction method for MPI. As
regularization model, we propose to use the nonnegative fused lasso model, and we devise
a discretization that is adapted to the acquisition geometry of the preclinical MPI scanner
considered in this work. We develop a customized solver based on a generalized forwardbackward scheme which is particularly suitable for the dense and not well-structured
system matrices in MPI. Already a non-optimized prototype implementation processes
a 3D volume within a few seconds so that processing several frames per second seems
amenable. We demonstrate the improvement in reconstruction quality over the state-ofthe-art method in an experimental medical setup for an in-vitro angioplasty of a stenosis.
This is joint work with Christina Brandt, Martin Hofmann, Tobias Knopp, Johannes
Salamon, Alexander Weber, and Andreas Weinmann.

3. Bayesian approximation error approach for magnetic particle imaging
Christina Brandt, University of Eastern Finland
Abstract. Magnetic particle imaging (MPI) is a novel imaging technique based on
the nonlinear magnetization response of iron oxide particles. The linear reconstruction
problem consists of the computation of the particle distribution given the induced voltage
measured in the receive coils. In most applications, the linear operator, called system
function, is measured in a time-consuming measurement process because model-based
reconstructions do still not provide the same image quality as the measurement-based
methods. Possible explanations are the simplifying assumptions in the model such as the
lack of relaxation effects or ideal magnetic fields.
Moreover, the real magnetic fields in the scanner, the particle size distribution, coils
sensitivities etc. are only known approximately and the related model parameters are
therefore only estimated. Other sources of model errors may be the discretization of
the system function or truncation artefacts. One possibility to solve this problem is
the joint computation of model parameters and the particle concentration. However, we
propose to use an approximation error approach instead. Therefore, we will formulate
the reconstruction problem of MPI in a Bayesian framework and discuss how to apply
approximation error modeling in order to incorporate the uncertainties of the model in
the reconstruction scheme and to improve thus image reconstruction quality.
This is joint work with Aku Seppänen.
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4. fMRI reconstruction using a state estimation approach
Ville-Veikko Wettenhovi, University of Eastern Finland
Abstract. Functional magnetic resonance imaging (fMRI) is an imaging modality that
is widely used to study physiological processes. In this talk we formulate the fMRI image
reconstruction as a state estimation problem. The approach is tested with simulated and
measured fMRI data.
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M31-1: Mathematical methods in inverse medium scattering (Part I)
Scheduled: TBA
Organizers: Habib Ammari, ETH-Zürich

Guanghui Hu, Beijing Computational Science Research Center
Abdul Wahab, Korea Advanced Institute of Science and Technology
Description: Inverse medium scattering problems seek to extract the information (for instance, refractive index and interface) of an unknown penetrable medium from far-field or nearfield measurements of scattered waves. Medium (parameter) recovery is more challenging than shape identification, because it usually needs additional data and requires
more advanced computational techniques. The aim of this symposium is to discuss
recent progress on theoretical (uniqueness, stability) and numerical (regularization,
inversion algorithm) aspects of inverse acoustic, elastic and electromagnetic medium
scattering problems in both time and frequency domains.
Talks 1. Uniqueness and reconstruction of phaseless inverse scattering problems
details:
in connection with globally convergent numerical methods in frequency

domain
Michael V. Klibanov, University of North Carolina at Charlotte
Abstract. Uniqueness theorems for 3-D phaseless inverse scattering problems will be
presented. In addition, both theory and numerics of a reconstruction procedure will be
discussed. It turns out that these problems are strongly linked with globally convergent
numerical methods for an electromagnetic inverse medium problem in the frequency domain. One of these methods will be presented along with results for experimental data.
All problems under discussion are highly nonlinear ones.

2. Inverse random source scattering problems
Peijun Li, Purdue University
Abstract. This talk concerns the source scattering problems for acoustic wave propagation, which is governed by the two- or three- dimensional stochastic Helmholtz equation.
As a source, the electric current density is assumed to be a random function driven by an
additive colored noise. Given the random source, the direct problem is to determine the
radiated random wave field. The inverse problem is to reconstruct statistical properties
of the source from the boundary measurement of the radiated random wave field. In this
work, we consider both the direct and inverse problems. We show that the direct problem
has a unique mild solution via a constructive proof. Using the mild solution, we derive
effective Fredholm integral equations for the inverse problem. A regularized Kaczmarz
method is developed by adopting multi-frequency scattering data to overcome the challenges of solving the ill-posed and large scale integral equations. Numerical experiments
will be shown to demonstrate the efficiency of the proposed method. The framework and
methodology developed here are expected to be applicable to a wide range of stochastic
inverse source problems.
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3. Simultaneous recovery of an internal source and the surrounding
medium in Maxwell’s system
Hongyu Liu, Hong Kong Baptist University
Abstract. In this talk, the speaker shall describe some uniqueness results in simultaneously recovering both an unknown electric source and the surrounding medium parameters
inside a bounded body by the corresponding boundary electromagnetic measurements.
The study is motivated by applications in electroencephalography (EEG) and magnetoencephalography (MEG).

4. Simultaneous recovery of the acoustic medium and buried obstacles
from the far-field data
Bo Zhang, Chinese Academy of Sciences
Abstract. In this talk, we consider the inverse problem of recovering an acoustic medium
and buried obstacles inside the medium from the knowledge of the far-field pattern at a
fixed frequency. Under the condition that all the coefficients in the governing equation
are piecewise constant, we prove the global uniqueness result for the inverse problem
of recovering the acoustic medium (including its support and the coefficients) and the
buried obstacles inside the medium. The method used depends heavily on the a priori
estimates of the solution to the scattering problem in the 𝐿𝑝 space with 1<p<2 and the
well-posedness of an interior transmission problem constructed.
This talk is based on a joint work with Jiangqing Yang.
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M31-2: Mathematical methods in inverse medium scattering (Part II)
Scheduled: TBA
Organizers: Habib Ammari, ETH-Zürich

Guanghui Hu, Beijing Computational Science Research Center
Abdul Wahab, Korea Advanced Institute of Science and Technology
Description: Inverse medium scattering problems seek to extract the information (for instance, refractive index and interface) of an unknown penetrable medium from far-field or nearfield measurements of scattered waves. Medium (parameter) recovery is more challenging than shape identification, because it usually needs additional data and requires
more advanced computational techniques. The aim of this symposium is to discuss
recent progress on theoretical (uniqueness, stability) and numerical (regularization,
inversion algorithm) aspects of inverse acoustic, elastic and electromagnetic medium
scattering problems in both time and frequency domains.
Talks 1. The linearized inverse problems in multifrequency electrical impedance
details:
tomography
Bangti Jin, University College London
Abstract. This paper provides an analysis of the linearized inverse problems in multifrequency electrical impedance tomography. We consider an isotropic conductivity distribution with a finite number of unknown inclusions with different frequency dependence.
We discuss reconstruction methods for both fully known and partially known spectral
profiles, and discuss its potential in handling modeling errors.

2. Homogenization and scattering models for sea ice
Wenjia Jing, Tsinghua University
Abstract. We consider the propagation and scattering of waves emitted from synthetic
aperture radar located in the dry air over a vast layer of sea ice. The wave length is much
smaller compared to the mean free path of the air but much larger than the correlation
length of the medium inhomogeneities in the sea ice. By combining homogenization theory
and kinetic limits techniques, we derive models for the scattered wave measured at the
radar. Several inverse scattering problems will be considered, which concern the statistics
of the inhomogeneities of the sea ice, the depth of the sea ice, etc.
This talk is based on joint work with Olivier Pinaud.

3. Resonance in bubbly media and its effective property
Hyundae Lee, Inha University
Abstract. We derive an original formula for the Minnaert resonances of bubbles of
arbitrary shapes using layer potential techniques and Gohberg-Sigal theory. Our formula
can be generalized to multiple bubbles. We provide a mathematical justification of the
monopole approximation and demonstrate the enhancement of the scattering in the far
field at the Minnaert resonances. Our results show that at the Monnaert resonance it is
possible to achieve super-focusing of acoustic waves or imaging of passive sources with a
resolution beyond the Rayleigh diffraction limit.
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4. Beyond Born-Rytov limit for super-resolution optical diffraction tomography
Jong Chul Ye, Korea Advanced Institute of Science and Technology
Abstract. Optical diffraction tomography (ODT) using Born or Rytov approximation
suffers from severe distortions in reconstructed RI tomograms when multiple scattering
occurs due to high contrast scatterers. Such scattering is usually seen as an impediment
to ODT imaging, because scattering comes from the unknown object itself. Here we
demonstrate for the first time that multiple scattering, if handled correctly, can indeed
significantly improve the resolution of ODT thanks to the enhanced sub-wavelength selfresonant modes. Experimental results show that we not only revealed the structures that
were not observable using the conventional approaches, but also solved the long-standing
problem of missing cones in ODT.
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M31-3: Mathematical methods in inverse medium scattering (Part III)
Scheduled: TBA
Organizers: Habib Ammari, ETH-Zürich

Guanghui Hu, Beijing Computational Science Research Center
Abdul Wahab, Korea Advanced Institute of Science and Technology
Description: Inverse medium scattering problems seek to extract the information (for instance, refractive index and interface) of an unknown penetrable medium from far-field or nearfield measurements of scattered waves. Medium (parameter) recovery is more challenging than shape identification, because it usually needs additional data and requires
more advanced computational techniques. The aim of this symposium is to discuss
recent progress on theoretical (uniqueness, stability) and numerical (regularization,
inversion algorithm) aspects of inverse acoustic, elastic and electromagnetic medium
scattering problems in both time and frequency domains.
Talks 1. Reconstruction of the index of refraction using scattered fields generated
details:
by small perturbations
Mourad Sini, Radon Institute for Computational and Applied Mathematics
Abstract. It is well known that reconstructing a potential from the scattering data is a
severely ill posed problem. In the recent years, it is proposed to use small perturbations,
i.e. nanoparticles as contrast agents for example, to recover stably the energies at the
locations of the small particles. From these energies, one can recover the potentials.
However, in this last step, one faces difficulties coming from inverting the maps defined
by these energies. In these works, regular perturbations are used.
In this talk, we show that by using singular perturbations, i.e. nanoparticles creating
high contrasts, one can recover the total fields and not only the energies. From these
total fields, one can recover the potential at the expense of a numerical differentiation for
example. However, here also the possible zeros of the total fields have to be taken into
account. In these steps, we use only a single nanoparticle at each time. To avoid the
difficulties coming from the zeros of the total fields, we propose to use two closely located
nanoparticles at each time. From the generated fields, we can recover the values of the
Green functions at those locations. Finally, from this Green function, we can recover the
potential avoiding the difficulties coming from the zeros of the total fields.
To demonstrate these arguments, we model the nanoparticles by small obstacles with
impedance boundary conditions where the surface impedance plays the role of the (high)
contrast. We will, hopefully, discuss also the more realistic model of the electromagnetic
model, at least in the scalar case, where we use either electric or magnetic nanoparticles.
This means that the contrast is created either by the permittivity or by the permeability
(keeping the generated speed of propagation moderate).
This is a joint work with Durga Prasad Challa.
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2. Plasmonics resonances for nanoparticles: Mathematical analysis and
applications
Matias Ruiz, Ecole Normale Superieure
Abstract. Plasmon resonant nanoparticles have unique capabilities of enhancing the
brightness and directivity of light, confining strong electromagnetic fields, and outcoupling of light into advantageous directions, when illuminated at the right frequency.
In this talk we present results concerning their mathematical analysis for the full Maxwell
equations using layer potential and asymptotic analysis techniques.
If the incident wave is TM or TE polarized, the Maxwell equations can be reduced to the
Helmholtz equation. In this framework we present results concerning the heat generation
by plasmonics nanoparticles and their use as metasurfaces allowing for the control and
transformation of electromagnetic waves.

3. Shape reconstruction of nanoparticles from their associated plasmonic
resonances
Sanghyeon Yu, ETH-Zürich
Abstract. We prove by means of a couple of examples that plasmonic resonances can
be used on one hand to classify shapes of nanoparticles with real algebraic boundaries and
on the other hand to reconstruct the separation distance between two nanoparticles from
measurements of their first collective plasmonic resonances. To this end, we explicitly
compute the spectral decompositions of the Neumann-Poincare operators associated with
a class of quadrature domains and two nearly touching disks. Numerical results are
included in support of our main finding.

4. Inverse electro-kinetic problem
Qi Xue, Université Grenoble-Alpes
Abstract. Electromagnetic waves and elastic waves are coupled within electrolytesaturated porous media, i.e., the passing of elastic waves generates electromagnetic disturbances and vice versa. This electro-kinetic phenomenon is observed by geophysicists
in both fields and laboratory experiments.
Pride derived a partial differential equation system modeling the coupling of the two kinds
of waves. Since the conversion between electric waves and elastic waves are so weak, mutual conversion can be neglected. If the electric source is given, one only considers the
conversion from electric waves to elastic waves (electro-seismic conversion). If the elastic source is given, one considers just the conversion from elastic waves to electric waves
(seismo-electric conversion)
Considering, the electro-seismic conversion, i.e., the electric source is given, I will consider
in my talk the problem of recovering the medium properties from the knowledge of electromagnetic and elastic measurements on the boundary.
This is a joint work with Eric Bonnetier and Faouzi Triki.
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M32-1: Recent advances in variational methods for imaging sciences (Part
I)
Scheduled: TBA
Organizers: Jae Kyu Choi, Shanghai Jiao Tong University

Xiaoqun Zhang, Shanghai Jiao Tong University
Description: Variational methods including the Rudin-Osher-Fatemi (ROF) models and the tight
frame based models are one of the most successful image restoration methods. Recent
advances in variational methods provide more appropriate models and more useful tools
for various image restoration inverse problems. The main theme of this minisymposium
is to explore recent devleopment of variational models including modeling, algorithm,
asymptotic analysis, and application to science, medicine, engineering, and other fields.
Talks 1. Image processing and deep learning for TSOM image analysis
details:
Myung Joo Kang, Seoul National University
Abstract. Since 1990, many mathematicians studied the image processing based on
partial differential equations and variational methods. Using TV (total variation) and
some optimization techniques, there were a lot of improvement in image processing areas.
Until deep learning methods coming out, those were the state of art methods in these
areas. But once using deep learning techniques, it turns out that in almost every area in
image processing fields, deep learning is the best method. I will explain and compare some
results for TSOM (Through-focus Scanning Optical Microscopy) image analysis using the
traditional image enhancement methods and deep learning methods.

2. Iterative reweighted regularization in reverse time migration/imaging
of incomplete geophysical data
Jianwei Ma, Harbin Institute of Technology
Abstract. Least-squares migration (LSM) is commonly regarded as an amplitudepreserving or true amplitude migration algorithm whose idea is to iteratively update
migration algorithm whose idea is to iteratively update migration image via estimating
an optimal perturbation in each step. Compared with conventional migration, it can provide migrated images with reduced migration artifacts, balanced amplitude and higher
spatial resolution. While LSM is still hampered in application in industry by two major
stumpling block: one is the extreme computation consumption and memory consumption;
another is the choice of proper constraint condition, which can stabilize the algorithm,
improve migration image and even accelerate the convergence. Based on compressed sensing, we proposed a hybrid scheme of l1 and l2 norm constrained migration by applying
to the direct imaging of incomplete seismic data. The preconditioned conjugate gradient based on iterative reweighted technique is implemented in our method. Numerical
tests on synthetic models show that higher spatial resolution imaging results and better
convergence behavior can be obtained by our method.
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3. Determination of conformational changes in Cryo-EM imaging
Yunho Kim, Ulsan National Institute of Science and Technology
Abstract. In this talk, we address a problem of determining protein structures using
Cryo-EM imaging. Briefly discussing how images are acquired, and what the crucial steps
are to reconstruct 3D structures from 2D projection images and, most importantly, the
current limitations and difficulties in acquiring clean 2D images, we consider the case when
a protein structure of interest presents more than one definite conformation. The basic
approach to analyze 3D conformational changes is to reconstruct the corresponding 3D
covariance matrix, whose eigenvectors encode the directions towards such changes. However, reconstructing such a 3D covariance matrix under extreme noise is computationally
challenging and, in fact, we only need to know a few eigenvectors for major conformational
changes. Therefore, we will propose a variational method to detect such changes without reconstructing the 3D covariance matrix. Some convergence results and numerical
experiments will be discussed.

4. Total variation regularization for mesh surface denoising
Chunlin Wu, Nankai University
Abstract. Total variation regularization has been proved very successful in image processing. Mesh surfaces are an important kind of surfaces in computational geometry. In
this talk, we extend total variation regularization to mesh surface denoising. Details on
the discretization of total variation and numerical method for the minimization problem
will be presented. Experiments and comparisons show great advantages of new method.
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M32-2: Recent advances in variational methods for imaging sciences (Part
II)
Scheduled: TBA
Organizers: Jae Kyu Choi, Shanghai Jiao Tong University

Xiaoqun Zhang, Shanghai Jiao Tong University
Description: Variational methods including the Rudin-Osher-Fatemi (ROF) models and the tight
frame based models are one of the most successful image restoration methods. Recent
advances in variational methods provide more appropriate models and more useful tools
for various image restoration inverse problems. The main theme of this minisymposium
is to explore recent devleopment of variational models including modeling, algorithm,
asymptotic analysis, and application to science, medicine, engineering, and other fields.
Talks 1. Dynamic SPECT reconstruction based on time-dependent correlation
details:
between frames
Qiaoqiao Ding, Shanghai Jiao Tong University
Abstract. In the procedure of acquiring sinogram from dynamic SPECT, one can only
get few projection angles for an image in single time interval. It is a challenging problem
to reconstruct dynamic images with fast change from the data that always accompany
with noise. In this paper, we propose a variational model, in which infimal convolution
of Bregman Distance to different frames from the previous iteration is used to obtain
the independence of the direction of the edge. The proposed model is solved via an
alternating iterative scheme, for which each subproblem is convex and can be solved by
existing algorithms. We test different noise model, Gaussian and Poisson model, for
dynamic SPECT reconstruction. Finally our proof-of -concept simulation on dynamic
images shows the advantage of the proposed method compared to previous methods.

2. Nonlocal total variation based spectral CT image reconstruction
Jiulong Liu, Shanghai Jiao Tong University
Abstract. When divided into narrow energy bins, the projection data for spectral CT
contains spectral information with reduced signal-to-noise ratio (SNR). When used together, the total projection data has improved SNR without spectral information. The
proposed method is based on nonlocal total variation (NLTV). That is, we first reconstruct
a spectrally averaged image using total projection data without energy binning, and build
the NLTV weights from this image that characterize the nonlocal image feature with good
SNR, such as texture and fine structures. Then these NLTV weights are incorporated into
a NLTV-based iterative spectral image reconstruction scheme using the binned projection
data with reduced SNR, so that the weights serve as the reference to regularize the image
quality during spectral image reconstruction. In addition, the spectral reconstruction incorporates the material decomposition by directly reconstructing material compositions
instead of the conventional approach, that separates image reconstruction and material
decomposition. The spectral image reconstruction is formulated as an iterative reconstruction method with the NLTV regularization. The split Bergman method is developed
for solving the above sparse optimization problem. The proposed NLTV-based method
was validated using both simulated and experimental data. In comparison with FBP and
TV-based method, NLTV had improved image quality, e.g., contrast-to-noise ratio (CNR)
and modulation transfer function (MTF). NLTV-based spectral CT image reconstruction
is developed that maximizes the utility of spectral data in terms of synergized spectral
information, and it offers significant improvement in CNR without scarifying spatial resolution of the image.
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3. A new Poisson noise filter based on weights optimization
Qiyu Jin, Inner Mongolia University
Abstract. We propose a new image denoising algorithm when the data is contaminated
by a Poisson noise. As in the Non-Local Means filter, the proposed algorithm is based on
a weighted linear combination of the observed image. But in contrast to the latter where
the weights are defined by a Gaussian kernel, we propose to choose them in an optimal
way. First some "oracle" weights are defined by minimizing a very tight upper bound of
the Mean Square Error. For a practical application the weights are estimated from the
observed image. We prove that the proposed filter converges at the usual optimal rate
to the true image. Simulation results are presented to compare the performance of the
presented filter with conventional filtering methods.

4. Wavelet frame based edge driven model for image restoration
Jae Kyu Choi, Shanghai Jiao Tong University
Abstract. Wavelet frame based model is one of the most successful methods in image restoration due to its good capability of sparsely approximating piece-wise smooth
functions such as images. In this talk, we present a wavelet frame based edge driven
image restoration model to reduce the ambiguity lying in between the smoothness and
the discontinuities of image. We introduce our wavelet frame model in the discrete setting, present numerical simulation results, and introduce a variational model to which our
discrete model converges.
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M33-1: Multi-penalty regularization and applications in high dimensional
data learning (Part I)
Scheduled: TBA
Organizers: Markus Grasmair, Norwegian University of Science and Technology

Valeriya Naumova, Simula Research Laboratory
Description: Applications in signal and image processing often deal with situations when the signal
or image one is interested in can be modeled as a combination of several components
of different nature that one wishes to identify and separate. In this case, the reconstruction problem can be interpreted as an inverse problem of unmixing type. The
separation, or unmixing, can for instance be achieved by solving a variational optimization problem with multiple penalty terms, each of which favors a specific component
of the solution. As the number of the components increases, a proper choice of the
parameters affecting the solution of the optimization problem becomes a big challenge.
However, this issue has yet only been studied and addressed to a very moderate degree
by the researchers in the different disciplines involved.
Inspired by these challenges and potential benefits, this mini-symposium aims at discussing recent theoretical and numerical developments and advances in multi-penalty
regularization as an important tool for component separation. Prominent experts from
several mathematical and engineering fields will gather to explore areas of applications
from across engineering, mathematical, and astrophysical disciplines, and identify further trends in this research direction.
Talks 1. Learning optimal sampling patterns in MRI
details:
Carola Bibiane Schönlieb, University of Cambridge
Abstract. In this talk we will present a new bilevel optimisation approach for learning
the optimal sampling pattern for variational image reconstruction in Magnetic Resonance
Tomography (MRT). Bilevel learning is a supervised learning technique developed to customise variational image reconstruction models to desirable outputs. Using this framework, we will show that the optimal sampling pattern in MRT, among other things, varies
with the image regularisation used and depends on inherent image structures. We will
also put our results in context with theoretical results on optimal sampling in compressed
sensing.
This is joint work with Martin Benning, Matthias Ehrhardt and Georg Maierhofer.

2. Multiple kernel learning by means of a linear functional strategy
Sergei V. Pereverzyev, Radon Institute for Computational and Applied Mathematics
Abstract. In the context of the so-called supervised learning one more and more uses
multiple kernel algorithms, when a kernel is not fixed a priori but designed within the
algorithm in the form of a linear combination of a predefined set of kernels. The usual
idea behind such multiple kernel learning algorithms is to add an extra parameter to
the corresponding minimization problem that may lead to a multi-penalty regularization.
In the talk we are going to revise this idea and discuss a possibility to learn the above
mentioned combination of kernels by means of the so-called linear functional strategy. We
will present a theoretical justification and illustrate our approach by comparison with a
benchmark algorithm. The presentation is based on a joint research with Pavlo Tkachenko
(RICAM).
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3. Iterative optimisation: from robustness to regularisation for machine
learning and inverse problems
Lorenzo Rosasco, University of Genoa
Abstract. In this talk, I will review recent results bridging optimisation with machine
learning and inverse problem. In particular, I will discuss several situations in which
convergence results in optimisation, complemented with a stability analysis, give rise to
powerful (iterative) regularization schemes. Theoretical results will be accompanied with
experiments showing the potential of the proposed methods.

4. Optimal multi-parameter regularisation and applications to video decomposition
Tuomo Valkonen, University of Liverpool
Abstract. Our talk starts by asking the questions: based on objective criteria, when
do regularisation strategies improve images compared to naive inversion? Also, based on
the same objective criteria, which regulariser is the best one? We then provide several
very natural analytically criteria for the improvement of images. We study statistically
and numerically the performance of common single and multi-parameter regularisers in
image processing. Our talk concludes with an exploratory study of the structure of video
sequences: by objective criteria, what is the optimal decomposition of a video sequence
into time and space components?
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M33-2: Multi-penalty regularization and applications in high dimensional
data learning (Part II)
Scheduled: TBA
Organizers: Markus Grasmair, Norwegian University of Science and Technology

Valeriya Naumova, Simula Research Laboratory
Description: Applications in signal and image processing often deal with situations when the signal
or image one is interested in can be modeled as a combination of several components
of different nature that one wishes to identify and separate. In this case, the reconstruction problem can be interpreted as an inverse problem of unmixing type. The
separation, or unmixing, can for instance be achieved by solving a variational optimization problem with multiple penalty terms, each of which favors a specific component
of the solution. As the number of the components increases, a proper choice of the
parameters affecting the solution of the optimization problem becomes a big challenge.
However, this issue has yet only been studied and addressed to a very moderate degree
by the researchers in the different disciplines involved.
Inspired by these challenges and potential benefits, this mini-symposium aims at discussing recent theoretical and numerical developments and advances in multi-penalty
regularization as an important tool for component separation. Prominent experts from
several mathematical and engineering fields will gather to explore areas of applications
from across engineering, mathematical, and astrophysical disciplines, and identify further trends in this research direction.
Talks 1. Total generalized variation regularisation for magnetic resonance imagdetails:
ing applications
Adrian Martin, University of Graz
Abstract. Total generalized variation (TGV) functionals are effective variational penalties for imaging problems such as the ones arising on the continuously developing effort for
accelerating Magnetic Resonance Imaging (MRI). The intrinsic multi-penalty structure of
TGV allows to selectively regularize on different levels of smoothness, providing an adaptable model for MRI. Furthermore, TGV shares the same convexity and edge-preserving
properties of total variation (TV) while avoiding typical TV-promoted artifacts such as
staircasing. In this talk, we first discuss the regularization properties and a suitable
numerical framework to solve general TGV-regularized problems. Then, several cutting
edge MRI applications using TGV will be presented. Finally, the challenge of proper
multi-parameter choice for these problems shall be addressed including recent advances
on parameter learning.
This is joint work with Kristian Bredies and Martin Holler, University of Graz.

2. Matrix recovery under low-rankness and sparsity constraints using
multi-penalty regularisation
Johannes Maly, Technical University of Munich
Abstract. We consider the problem of reconstructing a matrix with combined low-rank
and sparsity constraints from few linear measurements. The challenge in this case lies
in simultaneously exploiting the two different structures low-rankness and sparsity. Mere
convex combination of convex regularisers like nuclear norm and l1-norm cannot best one
of the two structures alone in number of measurements. Therefore, we approximate the
matrix via minimization of a non-convex multi-penalty functional. To ensure efficient
computation of solutions to our problem, we will examine alternating minimization as
algorithmic approach.
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3. Heuristic regularisation parameter choice rule in multi-penalty functionals for exact support recovery
Timo Klock, Simula Research Laboratory
Abstract. Inverse problems of unmixing type arise in many real-life applications such
as audio processing or medical image analysis. In such problems additive noise directly affects a sparse signal before being measured through a sampling matrix. Consequently, the
noise in the measurement is amplified through the sampling process and the so-called noise
folding phenomenon occurs. This amplification worsens the results on support identification by means of “classical” sparse recovery techniques based on the l1-penalised Lasso
functional. Several recent works suggest to apply a multi-penalty framework for a correct
modeling and separation of the original signal in such type of problems. Admittedly, the
parameter choice in such multi-penalty functionals becomes more involved compared to
the Lasso or other single-penalty methods.
In this talk, we introduce the multi-penalty regularisation for the unmixing problem. We
show that the resulting functional can be seen as a parameterised Lasso such that we
can solve the multi-penalty minimisation with known techniques for the Lasso functional.
Moreover, we derive a heuristic method, that does neither require knowledge on the noise
level nor an assumption on the solution, to automatically choose regularisation parameters.

4. A machine learning approach to optimal multi-penalty regularization
Kereta Zeljko, Simula Research Laboratory
Abstract. Despite a variety of available techniques the issue of the proper regularization
parameter choice for inverse problems still remains one of the biggest challenges. The main
difficulty lies in constructing a rule, allowing to compute the parameter from given noisy
data without relying either on a priori knowledge of the solution or on the noise level. In
this talk we propose a novel method based on supervised machine learning to approximate
the high-dimensional function, mapping noisy data into a good approximation to the
optimal parameters for elastic net regularization. In addition to theoretical analysis of
the method, we present a recipe for the practical implementation of the approach and
provide numerical experiments confirming the theoretical results.
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M34: Optical medical imaging
Scheduled: TBA
Organizers: Manabu Machida, Hamamatsu University School of Medicine
Description: The minisymposium focuses on medical imaging related to optical tomography. New
approaches and algorithms on inverse problems for optical tomography, photoacoustic
imaging, etc. will be discussed.
Talks 1. An experimental study of blood oxygen saturation imaging via quantidetails:
tative photoacoustic tomography
Felix Lucka, University College London
Abstract. Accurate quantification in photoacoustic tomography would enable highresolution 3D maps of absolute chromophore concentration to be obtained, invaluable to
pre-clinical and clinical studies. Inversion strategies that model the fluence have been
shown in simulation, but rarely translated to experimental scenarios. Based on a thoroughly characterised phantom and experimental setup that mimics the task of imaging
blood oxygen saturation, we present a high-resolution, non-linear, and fully 3D inversion
approach that is designed to work in very general scenarios by avoiding common simplifications. In particular, we discuss some of the practical challenges we had to overcome to
obtain satisfactory results with experimental data, such as the computational challenges
of solving the acoustic and the optical part of the problem with high resolution, the coupling between the two parts, and the inversion approaches used. At the end, we discuss
remaining limitations and give an outlook on how to overcome them with novel forward
and inverse computation techniques.
Joint work with Martina Bargeman Fonseca, Robert Ellwood, Emma Malone, Lu An, Ben
Cox, Simon Arridge and Paul Beard.

2. Photoacoustic imaging and thermodynamic attenuation
Sebastian Acosta, Texas Children’s Hospital
Abstract. We consider a mathematical model for photoacoustic imaging to take into
account attenuation due to thermodynamic dissipation. The propagation of acoustic
waves is governed by a scalar wave equation coupled to the dissipation of heat. We seek
to recover the initial acoustic profile from knowledge of boundary measurements. This
inverse problem is a special case of boundary observability for a thermoelastic system. This
leads to the use of control/observability tools to prove the unique and stable recovery of
the initial acoustic profile in the weak thermoelastic coupling regime. We propose and
implement (numerically) a reconstruction algorithm.

3. Optical tomography with structured illumination using the threedimensional FN method
Manabu Machida, Hamamatsu University School of Medicine
Abstract. Optical tomography with structured illumination will be considered using
the three-dimensional radiative transport equation. Without diffusion approximation,
the three-dimensional FN method is used to obtain the Green’s function for the radiative
transport equation. The method makes use of the fact that the Green’s function is given
in terms of three-dimensional singular eigenfunctions.

149

Minisymposia and contributed talks

M35-1: Inverse problems for fractional partial differential equations (Part I)
Scheduled: TBA
Organizers: Gongsheng Li, Shandong University of Technology

Manabu Machida, Hamamatsu University School of Medicine
Description: Anomalous diffusion and anomalous transport are often observed in nature, for example, in the flow of radionuclides in fractured rock underground. Such phenomena can be
studied by fractional-order partial differential equations. Due to their rich mathematical structures, these fractional-order equations have been intensively studied. In this
minisymposium, recent developments in inverse problems for fractional-order partial
differential equations will be presented from both theoretical and numerical points of
view.
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Talks 1. Determination of the fractional orders and initial distribution in the
details:
STFDE using the limited data
Gongsheng Li, Shandong University of Technology
Abstract: In this talk, we consider with a simultaneous inversion problem of determining
the fractional orders and initial distribution using limited data in the space-time fractional
diffusion equation in a finite domain Ω = (0, 𝑙) given as
𝛽

𝜕𝑡𝛼 𝑢 + 𝐷(−Δ𝑢) 2 = 0,

𝑥 ∈ Ω,

0 < 𝑡 ≤ 𝑇,

(1)
𝛽

where 𝜕𝑡𝛼 denotes the Caputo’s fractional operator, and (−Δ𝑢) 2 denotes the fractional
Laplacian operator in Ω, and 𝛼 ∈ (0, 1), 𝛽 ∈ (1, 2) are the fractional orders on the time
and space variables respectively.
Given the homogeneous Dirichelet boundary condition
𝑢(0, 𝑡) = 𝑢(𝑙, 𝑡) = 0,

0 < 𝑡 ≤ 𝑇,

(2)

and the initial distribution
𝑢(𝑥, 0) = 𝑓 (𝑥),

0 ≤ 𝑥 ≤ 𝑙,

(3)

where 𝑓 (𝑥) is assumed at least to be continuous on the space domain, we get the forward
problem (1)-(3). Suppose that the two fractional orders and the initial distribution are
unknown, and given the additional information
{𝑢(𝑥0 , 𝑡𝑘 )},

𝑘 = 1, . . . , 𝐾,

(4)

where 𝑥0 is the fixed space point, and 𝑡𝑘 ∈ (0, 𝑇 ], 𝑘 = 1, . . . , 𝐾 are the measured time,
we encounter with a simultaneous inversion problem which is to determine 𝛼, 𝛽 and 𝑓 (𝑥)
using the condition (4).
Based on the finite-dimensional approximation for the initial function, the differentiability
of the cost function on the two fractional orders and the initial distribution is proved with
the aids of estimates to the Gamma function. The homotopy regularization algorithm
is introduced to solve the simultaneous inversion problem, and numerical inversions with
noisy data are performed. The inversion solutions give good approximations to the exact
solution demonstrating the efficiency of the inversion algorithm. (Joint work with Xianzheng Jia and Chunlong Sun; This work is supported by the National Natural Science
Foundation of China (nos. 11371231, 11071148).)
1) Z. Q. Chen, M. M. Meerschaert and E. Nane, Space-time fractional diffusion on bounded
domains, J. Math. Anal. Appl., 393(2012) 479-488.
2) X. Z. Jia, D. L. Zhang, G. S. Li, et al, Numerical inversion of the fractional orders in the
space-time fractional advection-dispersion equation with variable coefficients (in Chinese). Mathematica Numerica Sinica, 36(2014) 113-132.
3) G. S. Li, D. L. Zhang, X. Z. Jia and M. Yamamoto, Simultaneous inversion for the spacedependent diffusion coefficient and the fractional order in the time-fractional diffusion equation,
Inverse Problems, 29(2013) 065014.
4) S. J. Shen, F. W. Liu and V. Anh, Numerical approximations and solution techniques for the
space-time Riesz-Caputo fractional advection-diffusion equation, Numerical Algorithms, 56(2011)
383-403.
5) S. Tatar and S. Ulusoy, A uniqueness result for an inverse problem in a space-time fractional
diffusion equation, Electronic Journal of Differential Equations, 258(2013): 1-9.
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2. Recovering a potential from a fractional diffusion problem
William Rundell, Texas A&M University
Abstract: A standard inverse problem is to recover a coefficient in an elliptic operator L
from the diffusion equation 𝑢𝑡 + L𝑢 = 0 from a combination of initial data 𝑢0 (𝑥) = 𝑢(𝑥, 0)
and overspecified boundary data on the lateral boundary. We shall look at some of
these combinations for the one-dimensional potential problem L = −𝑢𝑥𝑥 + 𝑞(𝑥)𝑢 on the
domain (0, 1) × (0, 𝑇 ). However, we are also interested in the subdiffusion model involving
fractional derivatives and extending the parabolic case to Djrbashian-Caputo fractional
derivatives with index 𝛼, 0 < 𝛼 ≤ 1. As a by-product of the analysis we will obtain
new results for the parabolic case 𝛼 = 1. The primary goal of this paper is to establish
uniqueness results, but we will also compare the degree of ill-conditioning of the problem
with respect to 𝛼.

3. Fractional diffusion: recovering the distributed fractional derivative
from overposed data
Zhidong Zhang, Texas A&M University
Abstract: There has been considerable recent study in “subdiffusion” models that replace the standard parabolic equation model by a one with a fractional derivative in the
time variable. There are many ways to look at this newer approach and one such is to
realize that the order of the fractional derivative is related to the time scales of the underlying diffusion process. This raises the question of what order 𝛼 of derivative should be
taken and if a single value actually suffices. This has led to models that combine a finite
number of these derivatives each with a different fractional exponent 𝛼𝑘 and different
weighting value 𝑐𝑘 to better model a greater possible range of time scales. Ultimately, one
wants to look at a situation that combines derivatives in a continuous way -the so-called
distributional model with parameter 𝜇(𝛼).
However all of this begs the question of how one determines this “orde” of differentiation.
Recovering a single fractional value has been an active part of the process from the beginning of fractional diffusion modeling and if this is the only unknown then the markers left
by the fractional order derivative are relatively straightforward to determine. In the case
of a finite combination of derivatives this becomes much more complex due to the more
limited analytic tools available for such equations, but recent progress in this direction
has been made, [9, 8]. This paper considers the full distributional model where the order
is viewed as a function 𝜇(𝛼) on the interval (0, 1]. We show existence, uniqueness and
regularity for an initial-boundary value problem including an important representation
theorem in the case of a single spatial variable. This is then used in the inverse problem
of recovering the distributional coefficient 𝜇(𝛼) from a time trace of the solution and a
uniqueness result is proven.
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4. Reconstruction of the temporal component in the source term of a fractional diffusion equation
Yikan Liu, The University of Tokyo
Abstract: In this talk, we treat either a Cauchy problem or an initial-boundary
value problem for the fractional diffusion equation (𝜕𝑡𝛼 − Δ)𝑢(𝑥, 𝑡) = 𝜌(𝑡)𝑔(𝑥), where
𝜕𝑡𝛼 (0 < 𝛼 ≤ 1) denotes the Caputo derivative. We investigate the inverse source problem
on the determination of the temporal component 𝜌 by the single point observation data.
Such a problem coincides with the situation that the location of the contaminant source is
known, and in practice it is more preferable to place the observation point away from the
source. Incorporating the fractional Duhamel’s principle with a strong maximum principle, we can prove the uniqueness for this problem. Under the finite sign change assumption
of 𝜌, we obtain an extremely weak stability of the multiple logarithmic type via a reverse
convolution inequality and fundamental solutions. For the numerical reconstruction, we
develop a fixed point iteration to produce a monotone sequence which converges to the
non-negative true solution from below. Finally, we include the total variation regularization to obtain stabilized solutions. This is a joint work with Mr. Zhidong Zhang (Texas
A&M University) and Mr. Keren Yang (Fudan University).
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M35-2: Inverse problems for fractional partial differential equations (Part
II)
Scheduled: TBA
Organizers: Gongsheng Li, Shandong University of Technology

Manabu Machida, Hamamatsu University School of Medicine
Description: Anomalous diffusion and anomalous transport are often observed in nature, for example, in the flow of radionuclides in fractured rock underground. Such phenomena can be
studied by fractional-order partial differential equations. Due to their rich mathematical structures, these fractional-order equations have been intensively studied. In this
minisymposium, recent developments in inverse problems for fractional-order partial
differential equations will be presented from both theoretical and numerical points of
view.
Talks 1. Modeling and fast numerical methods for fractional PDEs and its model
details:
reduction in identifying the fractional order in fractional PDEs
Hong Wang, University of South Carolina
Abstract: Traditional second-order diffusion PDEs model Fickian diffusion processes,
in which the particles follow Brownian motion. However, many diffusion processes were
found to exhibit anomalous diffusion behavior, in which the probability density functions
of the underlying particle motions are characterized by an algebraically decaying tail
and so cannot be modeled properly by second-order diffusion PDEs. Fractional PDEs
provide a powerful tool for modeling these problems, as the probability density functions
of anomalous diffusion processes satisfy these equations.
Fractional PDEs present new difficulties that were not encountered in the context of
integer-order PDEs. Computationally, the numerical methods for space-fractional PDEs
generate dense matrices. Direct solvers were traditionally used, which require 𝑂(𝑁 3 )
computations per time step and 𝑂(𝑁 2 ) memory, where 𝑁 is the number of unknowns.
We present the recent developments of accurate and efficient numerical methods for spacefractional PDEs, which has optimal storage and almost linear computational complexity.
Finally, we combine the fast FPDE solver with the model reduction technique to identify
the fractional order in the fractional PDE model. Numerical experiments are presented
to show the strength of the numerical methods developed.

2. Reproducing kernel Hilbert space method for solving inverse and illposed problems
Benny Hon, City University of Hong Kong
Abstract: In this talk we present the development of meshless computational method
based on the use of kernel-based functions for solving various physical problems. Properties of some special kernels such as radial basis functions; harmonic kernels; fundamental
and particular solutions; and Green’s functions will be discussed. For tackling the wellknown ill-conditioned system of equations resulted from solving inverse and ill-posed problems, the method has recently been extended to combine the multiscale support vector
approach (MSVA) scheme for approximating the solution of a moderately ill-posed problem on bounded domain. Convergence proofs are derived under an appropriate choice of
the Vapnik’s cut-off parameter and the regularization parameter. Numerical examples are
constructed to verify the efficiency of the proposed MSVA approach and the effectiveness
of the parameter choices.
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3. Identification of the zeroth-order coefficient in a time fractional diffusion
equation
Ting Wei, Lanzhou University
Abstract: This talk is concerned with the identification of a zeroth-order coefficient
in a time-fractional diffusion equation from two boundary measurement data in onedimensional case. The existence and uniqueness of two kind of weak solutions for the
direct problem with Neumann boundary condition are proved. We provide the uniqueness for recovering the zero order coefficient and fractional order simultaneously by the
Laplace transformation and Gel’fand-Levitan theory. The identification of the zero order
coefficient is formulated into a variational problem by the Tikhonov regularization. The
existence, stability and convergence of the solution for the variational problem are provided. We deduce an adjoint problem and then use a conjugate gradient method to solve
the variational problem. Two numerical examples are provided to show the effectiveness
of the proposed method.
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M35-3: Inverse problems for fractional partial differential equations (Part
III)
Scheduled: TBA
Organizers: Gongsheng Li, Shandong University of Technology

Manabu Machida, Hamamatsu University School of Medicine
Description: Anomalous diffusion and anomalous transport are often observed in nature, for example, in the flow of radionuclides in fractured rock underground. Such phenomena can be
studied by fractional-order partial differential equations. Due to their rich mathematical structures, these fractional-order equations have been intensively studied. In this
minisymposium, recent developments in inverse problems for fractional-order partial
differential equations will be presented from both theoretical and numerical points of
view.
Talks 1. Unique continuation property for anomalous diffusion equation
details:
Gen Nakamura, Hokkaido University
Abstract: In this talk we will give a Carleman estimate and the unique continuation
of solutions for an anomalous diffusion equation with fractional time derivative of order
0 < 𝛼 < 2. The estimate is derived via some subelliptic estimate for an operator associated
to the anomalous diffusion equation using calculus of pseudodifferential operators. This
is a joint work with Ching-Lung Lin (National Cheng Kung University, Taiwan).

2. Inverse source problem for fractional diffusion equations of various types
Masahiro Yamamoto, The University of Tokyo
Abstract: We consider fractional partial differential equations whose principal part
depends on both spatial and time variables. We present a basic result for the initialboundary value problem in Sobolev spaces and apply to inverse source problems.
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3. An inverse source problem for the time-fractional diffusion equation
with t-dependent diffusion coefficient
Zhiyuan Li, The University of Tokyo
Abstract: In this talk, we consider the following
⎧ (𝜇)
⎪
⎨D𝑡 − Δ𝑢 = 0 𝑖𝑛
(1) 𝑢|𝑡=0 = 0
𝑖𝑛
⎪
⎩
𝑢=𝑔
𝑜𝑛

initial boundary value problem
Ω × (0, 𝑇 ),
Ω,
𝜕Ω × (0, 𝑇 ),
(𝜇)

where Ω is an open bounded domain in R𝑑 with a smooth boundary 𝜕Ω, and (1), D𝑡
denotes a distributed order fractional derivative defined by
∫︁ 1
(𝜇)
D𝑡 𝜙(𝑡) =
𝜕𝑡𝛼 𝜙(𝑡)𝜇(𝛼)d𝛼,
0
∞

where the weight function 𝜇 ∈ 𝐿 (0, 1) is non-negative, and 𝜕𝑡𝛼 is the Caputo derivative. When considering (1) as model equation for describing e.g. anomalous diffusion in
inhomogeneous media, the weight function 𝜇 of distributed order derivatives should be
determined by the inhomogeneity of the media, but it is not clear which physical law
can relate the anomaly to 𝜇, which requires one to use inverse problems to identify these
physical quantities from some additional information that can be observed or measured
practically. For this, we propose the following inverse problem.
Problem 1. We assume 𝑢 is a solution to the problem (1). The weight function 𝜇 is
unknown and should be determined from the measured data, which we take to be the value
of the solution at one interior point 𝑢(𝑥0 , 𝑡), 𝑥0 ∈ Ω, 0 ≤ 𝑡 ≤ 𝑇 .
Before giving the main result for our inverse problem, we introduce an admissible set of
𝜇:
𝑈 := {𝜇 ∈ 𝐶[0, 1]; ∀𝑐 ∈ R, {𝛼; 𝜇(𝛼) = 𝑐} has at most finite number of isolated point.}
On the basis of Laplace transform, we transfer the time-fractional diffusion equation to
the corresponding elliptic equation with the Laplacian parameter and establish a Harnack
type inequality for this elliptic equation, which is further used to imply our main result,
Theorem 1. Assume 𝑔 ≥, ̸≡ 0 and let 𝑢, 𝑢
˜ be the solutions to the problem (1) with respect
to 𝜇 and 𝜇
˜, where 𝜇, 𝜇
˜ ∈ 𝑈 . Then 𝑢(𝑥0 , ·) = 𝑢
˜(𝑥0 , ·) in (0, 𝑇 ) implies 𝜇 = 𝜇
˜ in [0, 1].

4. Half-order fractional inverse transport problems by Carleman estimates
Manabu Machida, Hamamatsu University School of Medicine
Abstract: We consider the radiative transport equation in which the time derivative
is replaced by the Caputo derivative. Such fractional-order derivatives are related to
anomalous transport and anomalous diffusion. By establishing Carleman estimates, we
prove the global Lipschitz stability in determining the coefficient for the total attenuation
in the one-dimensional time-fractional radiative transport equation of half-order. This is
a joint work with Atsushi Kawamoto.
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M36-1: Numerical methods for large-scale inverse problems (Part I)
Scheduled: TBA
Organizers: Lothar Reichel, Kent State University

Ronny Ramlau, Johannes Kepler University Linz
Description: While many inverse problems are formulated in a continuous setting, their numerical
solution requires finite dimensional approximation. In many applications this approximation demands the use of large, possibly structured, matrices. It is the purpose of
this mini symposium to discuss state - of -the-art numerical methods for the solution
of large scale discrete ill-posed problems.
Talks 1. ADMM for matrix equations arising in inverse problems
details:
Jim Nagy, Emory University
Abstract. In this talk we consider linear inverse problems where the matrix that models
the forward problem can be decomposed into a sum of Kronecker products. We first show
that such a decomposition can be computed very efficiently for large-scale problems in
certain imaging applications. We then show how to exploit this decomposition to obtain
an efficient implementation of the alternating direction method of multipliers (ADMM)
to solve the inverse problem with total variation regularization. In particular, ADMM
is an iterative solver that requires solving several subproblems at each iteration, and we
describe how this can be done efficiently when the problem is reformulated as a generalized
matrix equation.

2. A Krylov subspace-based blind deconvolution method
Kirk Soodhalter, Radon Institute for Computational and Applied Mathematics
Abstract. Krylov subspace methods are an important class of methods for the treatment
of large-scale, linear, discrete ill-posed problems of the form, 𝐴𝑥 + 𝑒𝛿 = 𝑏𝛿 with 𝐴 ∈
𝑅( 𝑛*𝑛), where A denotes the matrix whose action represents a discrete model of distortion
of an image. For some applications, this matrix is explicitly available, but for others it is
available as a procedure or as a point-spread function with which the image is convolved in
Fourier space. Often one does not have an exact blurring operator and instead has only an
approximation. Iterative methods derived under the assumption that one has an accurate
blurring model may not deliver good results in this setting. In this talk, we describe a
family of blind deconvolution methods built on a Krylov subspace iteration that allow
a user to adjust the blurring matrix used in the computations to achieve an improved
restoration. The methods are inexpensive to use; the major computational effort required
for large-scale problems is the partial reduction of an available large approximate blurring
matrix by a few steps of a Krylov subspace iteration. We present numerical experiments
demonstrating the effectiveness of this new method, including ones from an adaptive optics
application for large, ground-based telescopes. We also discuss how one leverages a priori
knowledge coming from the specific application.
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3. Regularized inversion of frequency domain electromagnetic geophysical
data
Giuseppe Rodriguez, Universita degli Studi di Cagliari
Abstract. Electromagnetic (EM) induction is a non-invasive technique used to characterize the spatial variability of soil properties, which has widespread use in archaeological,
hydrological, and geotechnical applications. The inversion of EM data can be accomplished by a nonlinear model which is dominated by error propagation, and the presence
of strongly conductive materials in the subsoil makes it even more ill-conditioned. We
will describe a regularization algorithm and we will show that the knowledge of the exact
Jacobian matrix of the nonlinear model, coupled to suitable updating techniques, allows
one to improve both computing time and accuracy with respect to the standard approach,
based on finite difference approximation. We will also show that fast and accurate linear
algebra tools are needed in order to process in real time the large amount of complex valued data produced by recent measuring devices. At the same time, the lack of information
on the noise level in real-world applications calls for an efficient strategy for estimating
the regularization parameter.

4. Regularization preconditioners for frame-based image deblurring
Marco Donatelli, Universita degli Studi dell’Insubria
Abstract. Thresholding iterative methods are recently successfully applied to image deblurring problems. In this talk, we investigate the modified linearized Bregman algorithm
(MLBA) used in image deblurring problems [2], with a proper treatment of the boundary
artifacts. The fast convergence of the MLBA depends on a regularizing preconditioner
that could be computationally expensive and hence it is usually chosen as a block circulant circulant block (BCCB) matrix, diagonalized by discrete Fourier transform. We
show that the standard approach based on the BCCB preconditioner may provide low
quality restored images and we propose different preconditioning strategies, that improve
the quality of the restoration and save some computational cost at the same time. Motivated by a recent nonstationary preconditioned iteration introduced in [3] for least-square
inverse problems, we propose a new algorithm that combines such method with the MLBA
[1]. We prove that it is a regularizing and convergent method. A variant with a stationary
preconditioner is also considered and some numerical results are compared with similar
methods. Research partly carried out with D. Bianchi, Y. Cai, M. Hanke, T. Z.Huang.
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M36-2: Numerical methods for large-scale inverse problems (Part II)
Scheduled: TBA
Organizers: Lothar Reichel, Kent State University

Ronny Ramlau, Johannes Kepler University Linz
Description: While many inverse problems are formulated in a continuous setting, their numerical
solution requires finite dimensional approximation. In many applications this approximation demands the use of large, possibly structured, matrices. It is the purpose of
this mini symposium to discuss state - of -the-art numerical methods for the solution
of large scale discrete ill-posed problems.
Talks 1. Numerical linear algebra in blind deconvolution
details:
Michael Ng, Hong Kong Baptist University
Abstract. In this talk, we study a regularized inverse filtering method for blind image
deconvolution. The main idea is to make use of nonnegativity and support constraints,
and to incorporate regularization terms to establish a convex programming model which
aims to determine an inverse filter for image deconvolution. Because of the convexity of the
proposed energy functional, the existence of the solution can be guaranteed. Experimental
results of the regularization method is reported to show that the performance of the
proposed method is better than the other testing methods for several testing images.

2. Alternating modulus nonnegative least squares method for nonnegative
matrix factorization
Ken Hayami, National Institute for Informatics
Abstract. Consider the nonnegative matrix factorization (NMF) [1]: minW;H ||𝑉 −
𝑊 𝐻||𝐹 , where 𝑉 ∈ 𝑅𝑚*𝑛 is a given nonnegative matrix, 𝑊 ∈ 𝑅𝑚*𝑟 and 𝐻 ∈ 𝑅𝑟*𝑛 are
unknown nonnegative matrices, and || · ||𝐹 represents the Frobenius norm of the corresponding matrix. Here, 𝑟 << 𝑚𝑖𝑛(𝑚; 𝑛) is assumed. Therefore, the NMF problem seeks a
nonnegative low rank approximation of a given nonnegative matrix. NMF arises in many
scientific computing and engineering applications, e.g., image processing, spectral data
analysis, audio signal separation, text mining, document clustering, recommender system,
etc. For the solution of NMF, we propose a new alternating nonnegative least squares
method by utilizing the modulus method [2, 3] for solving the nonnegative constrained
least squares (NNLS) problems in each iteration. The method employs the modulus transform 𝐻 = 𝑍 + |𝑍| and 𝑊 = 𝑌 + |𝑌 | for each subproblem to transform the NNLS problem
to a sequence of unconstrained least squares problems, which can be solved by a CGLS
method for matrix variables. Numerical experiments on random problems and ORL face
image problems show the efficiency of the proposed method compared to gradient descent
methods [4].Further, we consider accelerating our method using Anderson’s acceleration
[5] and using the SVD-based initialization [6].
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3. Multi-resolution reconstruction in inverse problems
Holger Kohr, Centrum voor Wiiskunde en Informatica
Abstract. Multi-resolution methods have been used in the field of differential equations
for a long time. Faster convergence and problem size reduction are usually named as
their main benefits. With the fast-growing amount of data in many inverse problems,
techniques that allow big problems to be split into smaller sub-problems will play an
increasing role in the future. A typical use case is the distribution of a big computational
task to a grid of workers (e.g. threads on a single machine, multiple graphics cards
or separate computers), sometimes referred to as divide-and-conquer strategy. In the
context of inverse problems, multi-resolution methods have been studied mostly in terms
of wavelet transforms or multiscale statistics. We propose a much simpler approach based
on domain decomposition and partial grid refinement, which is valid for linear operators,
point-wise nonlinear operators and compositions of those. This “soft splitting” method
can practically eliminate the need for communication of partial results between workers,
at the expense of more complex interface conditions at the decomposition boundaries. We
show first results of localized TV reconstruction using this approach. This is joint work
with Jan-Willem Buurlage, CWI.

4. Wavefront reconstruction in AO from pyramid sensor data
Victoria Hutterer, Johannes Kepler University Linz
Abstract. Atmospheric turbulence and diraction of light induce blurred images of celestial bodies when they are observed by ground based telescopes. To correct for the
distortions caused by wind ow or small varying temperature regions in the atmosphere,
the new generation of telescopes uses the technology of Adaptive Optics (AO). An AO
system consists of wavefront sensors, control algorithms and deformable mirrors. A wavefront sensor measures incoming distorted wavefronts, deformable mirrors physically correct for the atmospheric aberrations and the control algorithm links the wavefront sensor
measurements and the mirror actuator commands. Depending on the actual wavefront
sensor, the connection between intensity of the incoming light and the incoming wavefront is non-linear in general. Reconstruction of the unknown wavefront from given sensor
measurements describes an inverse problem. Furthermore, in the era of Extremely Large
Telescopes (ELTs) with primary mirror diameters up to 40 m the computational load
of existing control algorithms is immense which makes the development of new and fast
methods even more important. In this talk, we concentrate on a special type of wavefront
sensor, the pyramid sensor, and investigate reconstruction algorithms for solving the inverse problem of wavefront restoration. Numerical results are presented for the European
Extremely Large Telescope which is currently under construction.
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M37-1: Sparsity-promoting seismic signal processing and inversion (Part I)
Scheduled: TBA
Organizers: Jianwei Ma, Harbin Institute of Technology
Description: Sparse transforms play an important role inseismic signal processing and inversion.
Curvelet, Seislet, Radon transform and dictionary learning methods have been used
for reconstruct seismic data. However, for field data, there are a large number of practical problems remain to be solved, such as the aliased problem, sparse representation
of field data, preservation of amplitude and details, long gap interpolation, the computational efficiency in 5D data interpolation,etc.Sparsity promoting based Least-Square
Migration has been used to invert the structure of underground given a limited amount
of computational resource. Sparse transform is also used to explore the special structure of full-waveform inversion to reduce the computational burden and to regularize
the inverse problem.In this mini-symposium, we aim to discuss the developmentand
the future of sparsity-promoting techniques in seismic signal processing and inversion.
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Talks 1. Study on methods of highly efficient seismic data acquisition and prodetails:
cessing based on sparsity constraints
Hanchuang Wang, Second Institute of Oceanography
Abstract. Along with the high-density, high-fold and wide-azimuth seismic data acquisition methods being widely used to overcome the increasingly complex and sophisticated
situation of oil and gas exploration targets, the acquisition period is becoming much longer
than before and the acquisition cost is becoming higher and higher. Under the premise
of quality assurance of the acquired seismic data, we have carried out the study of highly
efficient seismic data acquisition and processing methods based on the sparse representation theory of seismic data. A theoretical framework of highly efficient seismic data
acquisition has been improved, as well as some innovative results have been achieved.
The theoretical principles of highly efficient acquisition and processing is studied.Firstly,
the mathematical and physical foundation of seismic data’s sparsity is revealed according
to the general formula of wave equation’s solution. Secondly, we carry out an exploratory
study of highly efficient sampling (or acquisition for real data) methods of seismic data and
present an optimized piecewise-random sampling method with a spectral characteristics
of“blue noises” under the guidance of sparsity prior information. Thirdly, a reconstruction strategy with the sparsity constraint is developed. A particular two-step recovery
approach by combining sparsity-promoting method and hyperbolic Radon transform is
also put forward for the seismic data with approximate hyperbolic traveltime characteristics. Sparse representation theory, highly efficient acquisition methods based on sparsity
constraint and reconstruction method based on sparsity constraint of seismic data have
been improved and constituted the enhanced theory of highly efficient seismic data acquisition.
The specific implementation strategies of highly efficient acquisition and processing is
studied under the guidance of the highly efficient acquisition theory (expounded in paragraph 2). Firstly, we propose the highly efficient acquisition network designing method
by applying the optimized piecewise-random sampling method to change the regular and
dense layout of sources and receivers in the conventional acquisition network. Secondly,
we propose two types of highly efficient seismic data acquisition methods based on (1)
single sources and (2) blended sources (or simultaneous sources) according to the differences of the sources’ shooting modes. Thirdly, considering the irregularities of the efficient
acquisition network, reconstruction procedures corresponding to the above two types of
highly efficient seismic data acquisition methods are proposed to obtain the seismic data
on the regular and dense acquisition network and satisfy the requirements of the subsequent processing in accordance with the conventional means. What’s more, the direct
imaging method of seismic data acquired by highly efficient acquisition methods is studied. We specifically make a discussion of the impacts of blended shooting on the imaging
result for the 2nd type of highly efficient acquisition and processing method.
In the end, we implement the numerical tests based on Marmousi model. The achieved
results show: (1) the theoretical framework of highly efficient seismic data acquisition
and processing is of important significance to improve the efficiency of the current seismic
data acquisition and reduce the exploration cost, (2) the data reconstruction method can
provide us with highly precise reconstruction results for the following data processing procedures. The whole results and conclusions indicate a very broad application prospects
of the theoretical framework in the future.
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2. Reverse time migration of 3DVSP data
Ying Shi, Northeast Petroleum University
Abstract. Reverse time migration (RTM) has shown increasing advantages on handling
seismic images of complex subsurface media, but has not been used widely in 3D seismic
data, due to large storage and computation requirements. The prime objective of this paper is to develop a RTM strategy to be applicable to 3D vertical seismic profiling (VSP)
data. The strategy consists of two aspects: storage saving and calculation acceleration.
First, we discuss the use of the random boundary condition (RBC) to save the storage in
wavefield simulation. An absorbing boundary such as the perfect matching layer (PML)
boundary is often used in RTM, but has a high memory demand for storing the source
wavefield. RBC is a non-absorbing boundary and only stores the source wavefield at the
two maximum time steps, then re-propagates the source wavefield backwards at every
time step, and hence significantly reduces the memory requirement. Second, we discuss
the use of the graphic processing unit (GPU) parallelization technique to accelerate the
computation. RBC needs to simulate the source wavefield twice and doubles the computation. Thus, it is very necessary to realize the RTM algorithm by GPU, especially for a
3D VSP dataset. GPU and CPU collaborated parallel implementation can greatly reduce
the computation time, where the CPU performs serial code, and the GPU performs parallel code. Since RBC does not need the same huge amount of storage as an absorbing
boundary, RTM becomes practically applicable for 3D VSP image.

3. Recent developments in sparsity-promoting least-squares seismic imaging
Ning Tu, Tongji University
Abstract. The seismic imaging problem is, given the knowledge of the source wavelet,
a linear inverse problem of enormous scale where the amount of observed seismic data in
a single 3D marine acquisition can be as large as tens of terabytes, and the number of
unknowns can be in the order of millions. With the recent trend of high density and wide
azimuth seismic acquisition, these numbers can only grow larger. On the one hand, the
large quantity of observed data translate into large amount of wave-equation solves, which
further translate into prohibitively expensive computations. On the other hand, having
much more observations than unknowns leaves us enough room to subsample the linear
system of equations to reduce the computational cost. In this talk, I will discuss how
we speed up the computation by subsampling the imaging system, how we stabilize the
inversion by imposing sparse constraints, and how we control errors incurred during the
linearization of the wave-equation. I will further talk about how to tackle the nonlinear
imaging problem when the source wavelet is not known, by extending a technique named
variable projection in the context of sparse inversion.
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4. Reconstruction of 5D seismic volumes: A tensor completion approach
Jianjun Gao, China University of Geosciences
Abstract. Onshore seismic data area acquired by geophones deployed on the surface of
the earth that record subsurface acoustic responses excited by sources (dynamite or vibrators). The seismic data volume can be represented by a 5D multilinear array or tensor
that depends on time (or frequency) and the x and y surface position of the geophones
and sources. The aforementioned volume is processed to estimate images of the earth’s
interior that are use to explore, develop and monitor resources and to study the shallow
structure of the crust for geological, environmental and geotechnical purposes. These
multidimensional data sets are often irregularly sampled and incomplete in the so called
midpoint andoffset acquisition coordinates. In recent years, interesting new research in
the area of multilinear algebra and tensor completion has been presented. Multidimensional seismic data reconstruction provides an interesting application of tensor completion
methods to the ubiquitous problem of seismic data recovery. In essence, the ideal and
properly sampled seismic volume can be represented by a low rank multilinear array. We
discuss a fast and efficient low-rank tensor type completion algorithm named Parallel
Square Matrix Factorization (PSMF) and adopt it to reconstruct seismic seismic data in
the typical seismic data processing coordinates: frequency, midpoint and offset.
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M37-2: Sparsity-promoting seismic signal processing and inversion (Part II)
Scheduled: TBA
Organizers: Jianwei Ma, Harbin Institute of Technology
Description: Sparse transforms play an important role inseismic signal processing and inversion.
Curvelet, Seislet, Radon transform and dictionary learning methods have been used
for reconstruct seismic data. However, for field data, there are a large number of practical problems remain to be solved, such as the aliased problem, sparse representation
of field data, preservation of amplitude and details, long gap interpolation, the computational efficiency in 5D data interpolation,etc.Sparsity promoting based Least-Square
Migration has been used to invert the structure of underground given a limited amount
of computational resource. Sparse transform is also used to explore the special structure of full-waveform inversion to reduce the computational burden and to regularize
the inverse problem.In this mini-symposium, we aim to discuss the developmentand
the future of sparsity-promoting techniques in seismic signal processing and inversion.
Talks 1. Waveform diversity enabled sparse representation theory and the apdetails:
plications to seismic signal analysis
Wenchao Chen, Xi’an Jiaotong University
Abstract. In last decade, lots of signal analysis methods have been developed based
on modern harmonic analysis theory, such as wavelet transform, Ridgelet, Curvelet, and
Shearlet transform. The development of various transformations significantly enhances
the characterization of complex signals, aiming for better performance of sparse representation and feature extraction. The basic functions of these transforms are regarded as
representative waveform atoms with diverse mathematical properties and different geometrical shapes. If some kind of signals can be represented by a linear combination of a few
bases in one of the mentioned transforms, the signals are then sparse in the transform and
the corresponding transform is called the sparse dictionary for such kind of signals. Since
seismic signals are always very complex in terms of different wave components and various
coherent interferences, a single transform can easily fail in providing a sparse representation of seismic signals. However, if some waveform dictionary is formed by combining two
or more different transforms, it will be much more powerful to sparsely represent a plenty
of complex signals. The resulting waveform dictionary is called a redundant dictionary
or overcomplete dictionary. In this paper, according to different application purposes,
several overcomplete dictionaries are constructed for seismic signal analysis. The constitutive dictionary is chosen based on waveform features of the targeted wave component
or coherent interference. The signal analysis is realized through an iterative thresholding
algorithm, with each iteration extracting the most possible waveform elements built up
into the corresponding signal components. Some typical application results of seismic
industry are given, including surface wave attenuation, eliminating harmonic noise, suppressing pump noise, and some other interferences concerned. These kinds of interferences
can extremely prevent high quality interpretations of seismic signals and result in poor
reservoir characterization. To an end, the successful applications show great capabilities
of the mentioned sparse representation theory and strong desires of more powerful tools
to be developed.
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2. Regularization full waveform inversion for reservoir description
Guanhui Hu, SINOPEC Geophysical Research Institute
Abstract. Among the geophysical methods, seismic methods can give a higher
resolution. The improvements of the acquisition in size and density, the multifold/multicomponent wide-aperture and wide-azimuth acquisitions, and the increased
high-performance computing power open new perspectives to develop and apply nonconventional seismic imaging methods for extraction more complete and continuous information in the seismic data. Among these non-conventional methods, the full waveform
inversion method based on the complete resolution of the wave equation for the direct
problem (seismic modeling) and the resolution of optimization process for the inverse
problem, are currently the subject of many methodological developments, in both industrial and academic communities. In this talk, we will discuss the regularization full wave
from inversion for oil/gas reservoir description.

3. Seismic data regularization processing and accurate imaging
Keyang Chen, Daqing Petroleum Exploration and Research Institute
Abstract. According to the spatial sparse characteristic of borehole VSP seismic data,
we constructed a FX domain regularization method, which is better compared with the
conventional regularization method, and can meet the seismic imaging requirements of
input data’s regularization and achieve accurate imaging.

4. Pre-stack seismic data interpolation with plane wave destruction and
data driven tight frame
Siwei Yu, Harbin Institute of Technology
Abstract. Sparse transforms play an important role in seismic signal processing steps,
such as pre-stack noise attenuation and reconstruction. Analytic sparse transforms,such
as the Fourier, Radon, and curvelet transforms, are often used to represent seismic data.
There are situations, however,in which the complexity of the data requires adaptive sparse
transform methods, whose basis functions are determined via dictionary learning (DL)
methods, such as the K-SVD method and the data-driventight frame (DDTF) method.
The DL methods achieve better results in randomly sub-sampled post-stack data reconstruction than other state-of-art methods. However, the DL methods cannot handle highdip-angle events in the pre-stack seismic data if it is regularly subsampled and contains
aliased energy. That is because the DL methods often operate on the patch scale and
it does not utilize the global information to determine the local slope of the events. We
propose to use the plane wave destruction method to regularize the slope of the pre-stack
seismic data. There are only two main directions in the aliased patch, so it is easy to
use the slope information to decide which filter to use, even when the slope estimation is
not accurate. We use the DDTF method since it is very computationally efficient. Our
numerical results showed that the proposed methodology is capable of recovering regularly
subsampled pre-stack seismic data.
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M38-1: Recent developments in regularization methods: theory and application (Part I)
Scheduled: TBA
Organizers: Daniel Gerth, Chemnitz University of Technology

Ronny Ramlau, Johannes Kepler University Linz
Description: As most linear and nonlinear Inverse Problems are ill-posed, regularization techniques
are necessary to obtain stable approximate solutions. While the theory in Hilbert
spaces is well developped and the Banach space setting has gotten much attention in
recent years, there are still many open questions. Additionally it is often challenging
to apply the theoretical results numerically and in specific applications.
The minisymposium seeks to provide a platform for expert and young researchers to
present and discuss their latest results in analysis and numerics of regularization methods for ill-posed problems and their applications in natural sciences and engineering.
Talks 1. Lavrentiev regularization of linear ill-posed problems: adjoint source
details:
conditions, converse results, and saturation.
Robert Plato, University of Siegen
Abstract. Linear ill-posed problems usually are normalized before regularization is
employed. Some subclasses, e.g., positive semidefinite problems (either symmetric or
nonsymmetric) in Hilbert spaces, allow regularization without normalization. This in fact
is desirable both for reasons of computational performance and conservation of mathematical structure. In this talk we consider Lavrentiev regularization which avoid such
normalization. Some basic results are briefly recalled, and new results on adjoint source
conditions and saturation as well as converse results are presented.

2. Projection methods for linear ill-posed problems revisited
Stefan Kindermann, Johannes Kepler University Linz
Abstract. We consider the problem of regularization by projection/discretization of linear ill-posed operator equations in Hilbert spaces. The main subject of this talk concerns
conditions for convergence of the associated discretized minimum-norm least-squares solution to the exact solution using exact attainable data and as the discretization space
becomes larger. This is a classical subject in regularization theory and we review the existing results but also prove new equivalent condition when the discretized solution always
converges to the exact solution.
An important tool is to recognize the discrete solution operator as oblique projection.
Hence, global convergence can be characterized by certain subspaces having uniformly
bounded angles. We furthermore derive practically useful conditions when this holds and
put them into the context of known results. For local convergence, we generalize results
about the characterization of weak or strong convergence and state some new sufficient
conditions. We furthermore mention a recent unpublished example given by Neubauer
of a bounded sequence of discretized solutions which does not converge at all, not even
weakly.
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3. Reduced basis methods for inverse problems
Dominik Garmatter, Goethe University Frankfurt
Abstract. The numerical solution of parameter identification problems in a partial differential equation (PDE) setting from (noisy) measurements usually requires numerous
amounts of forward solutions of the respective PDE. One way to speed up the solution
process therefore is to reduce the computational time of the forward solution, e.g. via the
reduced basis method. The reduced basis method is a model order reduction technique
which constructs a low-dimensional subspace of the solution space. Galerkin projection
onto that space allows for an approximative solution. An efficient offline/online decomposition enables the rapid computation of the approximative solution for many different
parameters.
This talk will focus on the problem of magnet resonance electrical impedance tomography
(MREIT), where the main objective is the acceleration of the well-known Harmonic B z
Algorithm [2] using the adaptive reduced basis framework developed in [1]. The general
idea of the framework is to adaptively construct a small, problem-oriented reduced basis
space instead of constructing a global reduced basis space like it is usually the case in
reduced basis methods. This will be done in an iterative procedure: the inverse problem
will be solved up to a certain accuracy with the Harmonic B z Algorithm projected onto
the current reduced basis space. The resulting parameter then is utilized to enrich the
reduced basis space and therefore fit it to the given problem. This process is repeated
until an iterate is accepted as the solution of the inverse problem. Numerical results will
demonstrate the usefulness of the approach.
References:
[1] D. Garmatter, B. Haasdonk, and B. Harrach. A reduced basis Landweber method for
nonlinear inverse problems. Inverse Problems, 32(3):035001, 2016.
[2] J. K. Seo, J.-R. Yoon, E. J. Woo, and O. Kwon. Reconstruction of conductivity and
current density images using only one component of magnetic field measurements. IEEE
Transactions onBiomedical Engineering, 50(9):1121-1124, 2003.

4. Large noise in variational regularization
Tapio Helin, University of Helsinki
Abstract. We consider variational regularization methods for inverse problems with
large noise, which is unbounded in the image space of the forward operator. Our focus is
in stochastic noise models and in particular white noise, for which we derive frequentist
consistency results in terms of the expectation of the Bregman distance. The finiteness
of certain expectations leads to a novel class of abstract smoothness conditions on the
forward operator, which can be easily interpreted in the Hilbert space case. This is joint
work with Martin Burger and Hanne Kekkonen.
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M38-2: Recent developments in regularization methods: theory and application (Part II)
Scheduled: TBA
Organizers: Daniel Gerth, Chemnitz University of Technology

Ronny Ramlau, Johannes Kepler University Linz
Description: As most linear and nonlinear Inverse Problems are ill-posed, regularization techniques
are necessary to obtain stable approximate solutions. While the theory in Hilbert
spaces is well developped and the Banach space setting has gotten much attention in
recent years, there are still many open questions. Additionally it is often challenging
to apply the theoretical results numerically and in specific applications.
The minisymposium seeks to provide a platform for expert and young researchers to
present and discuss their latest results in analysis and numerics of regularization methods for ill-posed problems and their applications in natural sciences and engineering.
Talks 1. Multiscale statistical regularisation for inverse problems in imaging
details:
Markus Grasmair, Norwegian University of Science and Technology
Abstract. For the solution of inverse problems in imaging, it is often desirable to
use locally adaptive methods where the amount of regularisation depends on the local
structures of the image to be reconstructed. In this talk, we will present such a method,
which is based on a multi-scale analysis of the residual. Assuming that the measurement
errors are independent and identically normally distributed, the residuals should ideally
look like a typical sample of an i.i.d. Gaussian random variable. This can be exploited
by looking at the behaviour of local sums of the residual. If the residual actually is i.i.d.
Gaussian, then these local sums can be expected to be relatively small. On the other
hand, the local sums will be large, if the residual still contains parts of the true image.
In this talk we will present a variational regularisation method that is based on these
assumptions. The method uses non-quadratic Tikhonov regularisation with a Sobolev (or
total variation) based regularisation term and a data fidelity term involving the maximum
of weighted local means of the residual. Moreover, we will derive convergence rates in
expectation for the reconstruction as the number of measurements tends to infinity. It
turns out that these expected rates are asymptotically almost optimal provided that the
true image is sufficiently smooth and the operator to be inverted is of a well defined
smoothness class.

2. A Mumford-Shah-type approach for emission tomography problems
with Poisson statistics
Esther Klann, Technische Universität Berlin
Abstract. Tomography is a widely used technique in medical imaging. Emission tomography techniques such as SPECT (Single Photon Emission Computerized Tomography)
or PET (Positron Emisson Tomography) provide information about the body given as
Poisson distributed data. We consider a variational model to simultaneous reconstruction and segmentation of the underlying object that generated the data. Taking into
account the statistics of the data we use the Kullback-Leibler divergence as data fidelity
term. In order to achieve a segmentation of the underlying object simultaneously with the
reconstruction we propose a Mumford-Shah-type functional over the space of piecewise
constant functions. We regularize the problem with a length penalty on the singularity
set as well as a penalty on the norm of the coefficients of the piecewise constant functions.
We present a minimization algorithm using the shape derivative of the functional as well
as results from simulated data with different levels of noise.
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3. Generalized Krylov subspace methods for 𝑙𝑝 -𝑙𝑞 minimization.
Lothar Reichel, Kent State University
Abstract. This talk presents new efficient approaches for the solution of ℓ𝑝 -ℓ𝑞 minimization problems based on the application of successive orthogonal projections onto generalized Krylov subspaces of increasing dimension. The subspaces are generated according
to the iteratively reweighted least-squares strategy for the approximation of ℓ𝑝 /ℓ𝑞 -norms
by weighted ℓ2 -norms. Computed image restoration examples illustrate the performance
of the methods discussed. The combination of a fairly low iteration count and a modest
storage requirement makes the proposed methods attractive. This talk presents joint work
with G.-X. Huang, A. Lanza, S. Morigi, and F. Sgallari.

4. New aspects of l1-regularization
Daniel Gerth, Chemnitz University of Technology
Abstract. In the last decade, sparsity-regularization became an important method in
theory and practice of Inverse and Ill-posed problems. Its most prominent example, the l1regularization, leads to linear convergence rates if the true solution is sparse. Convergence
rates without assuming sparsity of the true solution have been shown under the condition
that the standard basis elements of l1 are in the range of the adjoint of the forward
operator. In the talk, we review modifications of this range inclusions that have been
proposed recently and show that, provided the forward operator is injective, one can
derive convergence rates whenever l1-regularized solutions exist. While it is in general
impossible to give these rates explicitly, we show that using the discrepancy principle
one can always achieve these rates. Furthermore, we show that l1-regularization is even
applicable when the true solution does not belong to l1, but lies in l2ł1. It follows that
l1-regularization does not saturate as is the case in classical Tikhonov regularization.
Our theoretical results are supported by numerical experiments in the case of a diagonal
operator.
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M39-1: Multi-modality/multi-spectral imaging and structural priors (Part
I)
Scheduled: TBA
Organizers: Matthias J. Ehrhardt, University of Cambridge

Simon Arridge, University College London
Description: Multi-channel (either multi-modality or multi-spectral) has become increasingly interesting in many areas like medical imaging, remote sensing, photography and geophysics
to name just a few. A standard approach is to treat the channels separately but as
there is an expected correlation between the channels it became popular to treat them
jointly. The channels can be coupled by a prior that takes the structure of the scenery
/ anatomy / geology into account. In this minisymposium we bring together several
researchers to present recent theoretical and computational advances in the area of
multi-channel imaging and structural priors.
Talks 1. Shape based prior information in image reconstruction
details:
Jonas Adler, Royal Institute of Technology
Abstract. We will introduce a variational framework for image reconstruction in imaging where shape related a priori information is used. The key element is to use deformable
templates machinery from shape theory. Various variational formulations are possible
within this framework and we apply some of these to tomographic reconstruction.

2. Exploiting structural similarities for variational reconstruction in quantitative MRI
Martin Holler, University of Graz
Abstract. Quantitative magnetic resonance imaging (qMRI) techniques aim at obtaining tissue parameters, such as T1 and T2 relaxation times, from MR measurements.
As opposed to standard MR imaging, which delivers qualitative information only, this
allows, in principle, a classification of tissue and a comparison of scans across different
measurements. Quantitative MR is based on relating the tissue properties with the measured MR signal evolution via a non-linear model. To this aim, it requires multiple MR
measurements with different scanning parameters. Since signal acquisition in MR is time
consuming, this makes the incorporation of undersampling strategies necessary. In particular, Magnetic resonance fingerprinting (MRF), a recently introduced qMRI method,
relies on massive undersampling for achieving reasonable acquisition times.
To reduce undersampling artifacts with variational methods, structural similarities within
both the different MR images as well as different parameter maps can be exploited. In this
talk, we investigate joint reconstruction approaches for quantitative MRI which are based
on total-generalized-variation-type priors and a coupling of image data at the gradient
level.
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3. Simultaneous XCT/DOT reconstruction by Mumford-Shah regularization with structural similarity
Di He, Peking University
Abstract. Diffuse optical tomography (DOT) and X-ray computed tomography (XCT)
are two important modalities in medical imaging. DOT is a functional medical imaging
modality which reconstructs the spatially distributed optical characteristics. XCT is an
anatomical medical imaging which could provide high resolution structural information.
Although the two modalities reconstruct different imaging characteristics, their images
share structures of similarity. The idea is to use the structural similarity to combine the
two modalities and improve both image qualities. Mumford-Shah functional is able to
simultaneously reconstruct the image and the edge information. In this presentation, we
report our recent progress for the simultaneous reconstructions of DOT and XCT images
using the structural similarity of edge information from the Mumford-Shah functionals
for both modalities. The edge set we get from one modality at each step is used as the
a-priori information for the other modality next step. This is a joint work with Ming
Jiang.

4. Structural priors for multi-spectral imaging
Peter Maass, University of Bremen
Abstract. The enormous amount of data in typical multi-spectral imaging applications
requires very efficient preprocessing methods. Hence, data reduction and basis learning
techniques are a natural first step, which however should exhibit linear complexity in
the number of variables. This reduction to lower dimensions is never exact. We analyse
discrepancy terms with tolerance for Tikhonov regularization, which does allow small deviations from the data without penalization. We demonstrate some first analytical results
for tolerance based regularization schemes. In this case, the data reduction scheme is
equivalent for including structural priors and we show some results using MALDI imaging
data.
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M39-2: Multi-modality/multi-spectral imaging and structural priors (Part
II)
Scheduled: TBA
Organizers: Matthias J. Ehrhardt, University of Cambridge

Simon Arridge, University College London
Description: Multi-channel (either multi-modality or multi-spectral) has become increasingly interesting in many areas like medical imaging, remote sensing, photography and geophysics
to name just a few. A standard approach is to treat the channels separately but as
there is an expected correlation between the channels it became popular to treat them
jointly. The channels can be coupled by a prior that takes the structure of the scenery
/ anatomy / geology into account. In this minisymposium we bring together several
researchers to present recent theoretical and computational advances in the area of
multi-channel imaging and structural priors.
Talks 1. Structural regularisation in EIT
details:
Ville Kolehmainen, University of Eastern Finland
Abstract. EIT is a non-linear ill-posed inverse problem which requires sophisticated
regularisation techniques to achieve good results. In this paper we consider the use of
structural information in the form of edge directions coming from an auxiliary image of
the same object being reconstructed. In order to allow for cases where the auxiliary image
does not provide complete information we consider in addition a sparsity constraint for
the edges appearing in the EIT image. The combination of these approaches is conveniently described through the parallel level sets approach. We present an overview of
previous methods for structural regularisation and then provide a variational setting for
our approach. We present results on simulations and experimental data for different cases
with accurate and inaccurate prior information. The results demonstrate that the structural prior information improves the reconstruction accuracy, even in cases when there is
reasonable uncertainty in the prior about the location of the edges or only partial edge
information is available.

2. Scale-independent joint reconstruction via coupled Bregman distances
with applications to PET-MRI
Julian Rasch, University of Münster
Abstract. Joint image reconstruction methods exploit similar geometric structures to
provide reasonable reconstructions in presence of degraded data. We use the infimal convolution of Bregman distances with respect to the total variation to couple edge information
during a joint reconstruction. In particular, unlike most existing methods relying on gradient information, it does not require a scaling of gradients to similar size. This makes it
especially suitable for imaging problems with different contrasts on different scales. As a
particular application, we show results on artificial PET-MR data.
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3. Super-resolution for hyperspectral remote sensing images with parallel
level sets
Rafael Reisenhofer, University of Bremen
Abstract. In this work, we perform super-resolution on the channels of hyperspectral
images of forests taken from a low flying aircraft. We increase the sharpness and overall
image quality by exploiting the structural similarity of a photograph taken simultaneously
at the desired resolution. We incorporate the additional a priori knowledge by modifying
the total variation regularizer to only penalize structures that are not expected in the
solution, which is achieved by means of the parallel level sets framework. The resulting
optimization problem is convex and can be solved with techniques similar to those for
standard total variation regularization. The results show an increased spatial resolution
of the hyperspectral images without compromising on robustness and efficiency of the
algorithm.

4. MIT-EIT dual modality for spectral conductivity imaging
Manuchehr Soleimani, University of Bath
Abstract. Magnetic induction tomography MIT and electrical impedance tomography
EIT can form a a dual modality imaging for wide band conductivity spectral imaging.
EIT and MIT are both capable of imaging bio-impedance for various applications. EIT
can provide imaging of electrical conductivity primarily in range of up to 1MHz. In higher
frequency EIT data collections are challenging. On the other hand MIT imaging starts
from few MHz and higher. In this talk we propose a method to image spectral conductivity
imaging where combined EIT and MIT can be used.
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M40-1: Dynamical inverse problems
Scheduled: TBA
Organizers: Yaroslav Kurylev, University College London

Lauri Oksanen, University College London
Description: The minisymposium focuses on inverse problems associated with measurements in time
domain when the direct problem is a dynamical system. These problems include in
particular hyperbolic inverse boundary value problems, problems in integral geometry
and boundary rigidity problems. Both theoretical and applied aspects of these problems
will be considered.
Talks 1. Controlling multiple scattering without knowing the wavespeed in
details:
bounded domains containing conormal singularities
Maarten de Hoop, Rice University
Abstract. We consider the wave equation with an unknown, piecewise smooth,
wavespeed on a bounded domain. We assume that the wavespeed contains a discrete
set of conormal singularities, and that we can probe the domain from outside with arbitrary Cauchy initial data and observe the waves outside the domain for sufficiently large
times. Motivated by the work of Rose (2002), we introduce and analyze an iterative
procedure, which has connections with the iterative time-reversal control developed and
analyzed by Bingham, Kurylev, Lassas and Siltanen (2008), to control the wavefield in the
interior of the domain without knowledge of the wavespeed, in particular, for the purpose
of erasing multiple scattering. This is a first step towards analyzing the inverse problem
of recovery of a piecewise smooth wavespeed.
Joint research with P. Caday, V. Katsnelson and G. Uhlmann.
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2. Geometric Whitney problem: Reconstruction of a manifold from a point
cloud
Matti Lassas, University of Helsinki
Abstract. We study the geometric Whitney problem on how a Riemannian manifold
(𝑀, 𝑔) can be constructed to approximate a metric space (𝑋, 𝑑𝑋 ). This problem is closely
related to manifold interpolation (or manifold learning) where a smooth 𝑛-dimensional
surface 𝑆 ⊂ R𝑚 , 𝑚 > 𝑛 needs to be constructed to approximate a point cloud in R𝑚 .
These questions are encountered in differential geometry, machine learning, and in many
inverse problems encountered in applications. The determination of a Riemannian manifold includes the construction of its topology, differentiable structure, and metric.
We give constructive solutions to the above problems. Moreover, we characterize the
metric spaces that can be approximated, by Riemannian manifolds with bounded geometry: We give sufficient conditions to ensure that a metric space can be approximated,
in the Gromov-Hausdorff or quasi-isometric sense, by a Riemannian manifold of a fixed
dimension and with bounded diameter, sectional curvature, and injectivity radius. Also,
we show that similar conditions, with modified values of parameters, are necessary.
Moreover, we characterise the subsets of Euclidean spaces that can be approximated in
the Hausdorff metric by submanifolds of a fixed dimension and with bounded principal
curvatures and normal injectivity radius.
The above interpolation problems are also studied for unbounded metric sets and manifolds. The results for Riemannian manifolds are based on a generalisation of the Whitney
embedding construction where approximative coordinate charts are embedded in R𝑚 and
interpolated to a smooth surface. We also give algorithms that solve the problems for
finite data.
The results are done in collaboration with C. Fefferman, S. Ivanov, Y. Kurylev, and H.
Narayanan.
References:
[1] C. Fefferman, S. Ivanov, Y. Kurylev, M. Lassas, H. Narayanan: Reconstruction and
interpolation of manifolds I: The geometric Whitney problem. ArXiv:1508.00674

3. Inverse problems for non-linear hyperbolic equations
Yiran Wang, University of Washington and Hong Kong University of Science and Technology
Abstract. Kurylev, Lassas and Uhlmann introduced the inverse problem for the Einstein
field equations in general relativity in 2013. In this talk, we consider the problem of
determining space-time structures using electromagnetic sources, or the inverse problem
for Einstein-Maxwell equations. We show that it is possible to generate gravitational waves
from the nonlinear interaction of electromagnetic waves. By sending electromagnetic
waves from a neighborhood of a freely falling observer and taking measurements of the
gravitational perturbations in the same neighborhood, one can determine the vacuum
spacetimes up to diffeomorphisms in the largest region where these waves can travel to
from the observer and return. The talk is based on some joint work with M. Lassas and
G. Uhlmann.
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4. The inverse problem for the Dirichlet-to-Neumann map on Lorentzian
manifolds
Yang Yang, Purdue University
Abstract. We consider the Dirichlet-to-Neumann map Λ on a cylinder-like Lorentzian
manifold related to the wave equation involving the metric g, a magnetic field A and a
potential q. We show that one can recover the jet of g, A, q on the boundary from Λ up
to a gauge transformation in a stable way. We also show that Λ recovers the following
three invariants in a stable way: the lens relation of g, and the light ray transforms of
A and q. Moreover, Λ is an FIO away from the diagonal with a canonical relation given
by the lens relation. We present applications for recovery of A and q in a logarithmically
stable way in the Minkowski case, and uniqueness with partial data.
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M41: Inverse problems in mechanics of solids and structures
Scheduled: TBA
Organizers: Alexandre Kawano, University of São Paulo

Antonino Morassi, University of Udine
Description: Mechanics of solids and structures is a source of inspiration for a wide class of inverse problems that have strong repercussions in real life and in practical applications.
Among the topics of interest, we recall static and dynamic methods for damage/defect
identification; determination of constitutive equations of materials; identification of
loads; determination of unknown boundaries. The formulation of the corresponding
direct problems is based on methods and mathematical techniques that today can be
considered well established in many cases. On the contrary, the study of the inverse
problems in Mechanics of solids and structures has relatively recent history, and often
calls into play refined properties of the direct problems that require the development
of new mathematical tools. The aim of this Mini- Symposium is to present an updated
state-of-the-art overview together with the latest advancements in the field.
Talks 1. Algebraic reconstruction of moving point sources in three dimensional
details:
scalar wave equations
Takashi Ohe, Okayama University of Science
Abstract. Inverse source problem for wave equation is an important mathematical
model of such as estimation problem of seismic source, acoustic source and so on. In the
modeling of these problems, moving point source model is a simple but useful model to
express some important properties of sources, such as locations, moving velocities, and
magnitudes. We discuss an algebraic reconstruction method for moving point sources from
measurement on the boundary. In various reconstruction schemes for inverse problems,
the concept of reciprocity gap is known as one of the powerful techniques, and is applied
to many kind of inverse problems. This technique was also applied to some inverse source
problem, and gives algebraic procedures for the problem. For inverse problems of wave
equations, some researchers investigate to apply this technique for reconstruction of fixed
point sources. However, there is no discussions for moving sources, especially, the effect
of moving velocities are not negligible. In this talk, we extend this technique to the
reconstruction of moving point sources, and propose a procedure to identify parameters
of sources, especially, to treat the effect of moving velocity of sources. We also show some
numerical experiments for our procedure.
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2. A metrology test for a Tap-Scan damage detection device
Zhihai Xiang, Tsinghua University
Abstract. The Tap-scan damage detection method is featured as mounting a wellcontrolled tapping device on a passing device [1]. Based on this method, one can design
a bridge inspection vehicle to locate structural damage [2]. Since the frequencies of the
interested signal are different from those of environmental noises, the inspection can be
conducted without blocking the traffic. In this talk, we will report a recent metrology
test on this Tap-scan damage detection device. The results demonstrate that 4.1% crosssectional stiffness lost on a simply- supported concrete beam can be reliably detected by
this device.
[1] Z. H. Xiang, X. W. Dai, Y. Zhang and Q. H. Lu, The Tap-scan method for damage
detection of bridge structures, Interaction and Multiscale Mechanics, Vol. 3, 2010, pp.
173-191.
[2] Z. H. Xiang and Q. H. Lu, Elasto-dynamic Damage Evaluation of Bridges. In: Handbook of Damage Mechanics: Nano to Macro Scale for Materials and Structures, George
Z Voyiadjis ed., Springer, 2015, pp. 589-618.

3. Identification of a finite number of cracks in a non-uniform rod by the
natural frequencies
Efim Shifrin, Russian Academy of Sciences
Abstract. An inverse spectral problem for a rod of variable cross-section containing
a finite number of transverse cracks is considered. The cracks are simulated by translational springs. It is proved that the number of springs, their locations and flexibilities
are uniquely reconstructed by two spectra corresponding to longitudinally vibrating rod
with free-free and free-fixed end conditions. A constructive procedure for reconstructing
unknown damage parameters is developed. Numerical examples are considered.

4. Uniqueness in the determination of distributed parameters of EulerBernoulli beams with observation in an arbitrary small interval of time
Alexandre Kawano, University of São Paulo
Abstract. We show a uniqueness result for the identification of the loading, flexural stiffness and density of an Euler-Bernoulli beam using observation of boundary measurements.
The knowledge of the displacement and slope of at the free extremity of a clamped-free
vibrating beam, for an arbitrary small interval of time, leads to the uniqueness in the
identification of its parameters. This result extends previous works that showed that the
identification was possible when the observation was collected in an unbounded interval of
time, or when the original dynamic problem for the Euler-Bernoulli beam was linearised.
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M42-1: Inclusion detection methods in inverse problems (Part I)
Scheduled: TBA
Organizers: Bastian Harrach, Goethe University Frankfurt

Mikko Salo, University of Jyväskylä
Description: In many inverse problems, the relevant question is to determine shapes of inclusions,
obstacles or cavities buried inside the unknown medium. Inclusion detection is a classical topic in inverse problems, and various different methodologies have been introduced.
This includes sampling, factorization, probe, enclosure, and monotonicity type methods, which are all active topics in current research. The purpose of this minisymposium
is to showcase the state-of-the-art in inclusion detection methods, including both theory and numerics, and to encourage interaction between people working on different
aspects of the field.
Talks 1. The generalized linear sampling methods for the time dependent wave
details:
equation
Fioralba Cakoni, Rutgers University
Abstract. We develop the generalized linear sampling method for recovering the support of a scattering object using time dependent far field measurements. This method
provides mathematically rigorous characterization of the support of the scatterer, and
is also justified for noisy data. The use of time domain measurements is a remedy for
large amount of spatial data typically needed for the application qualitative reconstruction
methods in inverse scattering theory.

2. Identification of elasticity tensor by boundary measurements
Gen Nakamura, Inha University
Abstract. The uniqueness of Calderon problem for three dimensional elasticity has not
been solved even for isotropic elasticity. So far there is a partial result by NakamuraUhlmann and Eskin-Ralston for isotropic elasticity. In this talk I will consider the case
that the elasticity tensor is piecewise constant or piecewise analytic. The anisotropy of
elasticity tensor can be allowed in some cases.

3. Detecting indefinite inclusions in impedance tomography with electrode
models
Henrik Garde, Aalborg University
Abstract. In inclusion detection in electrical impedance tomography, most reconstruction methods are formulated in the setting of the continuum model (CM) where the
idealized current-to-voltage datum is a Neumann-to-Dirichlet map. When extending the
reconstruction methods to discrete electrode models, such as the complete electrode model
(CEM), the exact solution is typically out of reach. Still, it is often possible to obtain
useful information about inclusions when using electrode models. In this talk I will focus on the monotonicity method for reconstruction of indefinite inclusions, meaning a
conductivity distribution with both more and less conductive parts compared to a reference conductivity. I will show that the reconstruction based on the CEM from noisy
measurements is interlaced between two regularized reconstructions from the CM, and
in the limit as measurement noise tends to zero and the number of boundary electrodes
grow in a suitable manner, the outer shape of the inclusions are asymptotically exactly
characterized. A peeling-type algorithm is furthermore presented for the implementation
of the method and numerical examples are given.
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4. Efficient inclusion of edge-promoting priors in diffuse imaging
Nuutti Hyvönen, Aalto University
Abstract. This talk considers parameter estimations problems in diffuse imaging under
the prior assumption that the examined body is characterized by embedded inclusions in
a constant background. An iterative reconstruction algorithm that aims at finding the
maximum a posteriori estimate for the parameters of interest is introduced. The method
is based on iteratively combining a lagged diffusivity step and a linearization of the forward model with priorconditioned LSQR. Using electrical impedance tomography, diffuse
optical tomography and quantitative photoacoustic tomography as examples, it is numerically demonstrated that the algorithm is capable of efficiently producing reconstructions
on dense, unstructured, three-dimensional finite element meshes.
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M42-2: Inclusion detection methods in inverse problems (Part II)
Scheduled: TBA
Organizers: Bastian Harrach, Goethe University Frankfurt

Mikko Salo, University of Jyväskylä
Description: In many inverse problems, the relevant question is to determine shapes of inclusions,
obstacles or cavities buried inside the unknown medium. Inclusion detection is a classical topic in inverse problems, and various different methodologies have been introduced.
This includes sampling, factorization, probe, enclosure, and monotonicity type methods, which are all active topics in current research. The purpose of this minisymposium
is to showcase the state-of-the-art in inclusion detection methods, including both theory and numerics, and to encourage interaction between people working on different
aspects of the field.
Talks 1. On finding an obstacle embedded in the rough background medium via
details:
the time domain enclosure method
Masaru Ikehata, Hiroshima University
Abstract. This talk is concerned with through-wall imaging [1] via wave phenomena in
the time domain. Assume that there is a large wall between an observer and an unknown
object. The wall is opaque and thus the observer cannot see the object directly. How
can the observer find the object? Consider the case when the wall is electromagnetically
penetrable. Then there is no doubt that everyone thinks about the use of electromagnetic
wave. Generate the electromagnetic wave at the place where the observer is. And observe
the reflected wave from the object at the same place over a finite time interval. The
observed wave should include information about the object. How can one extract the
information from the observed wave? This is a typical problem in through-wall imaging.
In this talk, we make a report of a recent result in [2] which aims at developing a mathematical method for through-wall imaging by using the governing equation of the wave
from the beginning to end. Originally the governing equation should be the Maxwell system, however, in this talk, as a first step we consider a corresponding problem formulated
by using a single wave equation for a scalar wave. The method therein makes use of a single reflected wave over a finite time interval and gives us a criterion whether a penetrable
obstacle exists or not in a general rough background medium. Moreover, if the obstacle
exists, the lower and upper estimates of the distance between the obstacle and the center
point of the support of the initial data are given.
References
[1] Baranoski, E. J., Through-wall imaging: Historical perspective and future directions,
J. Franklin Inst., 345(2008), 556-569.
[2] Ikehata, M., On finding an obstacle embedded in the rough background medium via
the enclosure method in time domain, Inverse Problems, 31(2015) 085011 (21pp).
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2. The enclosure method for the anisotropic PDEs
Yi-Hsuan Lin, Hong Kong University of Science and Technology
Abstract. We develop an enclosure-type reconstruction scheme to identify penetrable and impenetrable obstacle for the acoustic waves and the electromagnetic field with
anisotropic medium in 3-dimensional space. The main difficulty in treating this problem
lies in the fact that there are so far no complex geometrical optics (CGO) solutions (available for the anisotropic elliptic equation and anisotropic Maxwell’s equation. Instead, we
derive and use another type of special solutions called oscillating-decaying solutions. To
justify this scheme, we use Meyers’ 𝐿𝑝 type estimates for both systems, to compare the
integrals coming from oscillating-decaying solutions and those from the reflected solutions.

3. Size estimates for the inverse p-Laplacian with one measurement in 2D
Manas Kar, National Center for Theoretical Sciences
Abstract. In this talk, we will consider a problem of estimating the size of an inclusion
embedded inside a two-dimensional domain by one voltage to current measurement. We
assume that the conductivity has a jump discontinuity along the boundary of the inclusion.
The proofs rely on the quantitative uniqueness estimates for the solutions of p-Laplacian
with Lipschitz coefficients in the plane. This is a joint work with Jenn-Nan Wang.
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4. Monotonicity in imaging of materials
Antonello Tamburrino, University of Cassino
Abstract. Monotonicity is a property exhibited by many physical systems. Within the
framework of imaging where one wants to infer the material properties of a body starting
from a proper set of measurements taken from the exterior, monotonicity refers to some
kind of monotonic relationship relating the unknown material property to the measured
quantity. Monotonicity was first recognized as a principle to devise imaging methods
(Monotonicity Principle Method, MPM) in [1] with reference to inclusion detection in
electrical resistance tomography. MPM was based on the monotonicity results between
the electrical conductivity and the corresponding Dirichlet-to-Neumann map (see [2], for
instance). Key features of this method are its ability to provide upper and lower bounds
to the unknown inclusion, under proper conditions [1], and real time operations (see [3]
for applications to eddy current testing).
In the last few years MPM has been experienced many developments from theoretical to
applicative ones. For instance, it has been extended from imaging in elliptic PDEs to
imaging in both parabolic [3]-[5] and hyperbolic [6] PDEs. First experimental validations
can be found in [7], fresh new theoretical results have been proposed in [8-12] and new
applications in [11], [13] and [14]. In the presentation we will make an overview of MPM
in inclusions detection for different PDEs, and we will discuss open problems. This is a
joint work with G. Rubinacci, Università di Napoli Federico II.
[1] Tamburrino A and Rubinacci G 2002 A new non-iterative inversion method for electrical
resistance tomography Inverse Problems 18 1809–1829
[2] Gisser D G, Isaacson D and Newell J C 1990 Electric current computed tomography and
eigenvalues SIAM J. Appl. Math. 50 1623–34
[3] Tamburrino A and Rubinacci G 2006 Fast methods for quantitative eddy-current tomography
of conductive materials IEEE Trans. Magn. 42 2017–2028
[4] Tamburrino A, Ventre S and Rubinacci G 2010 Recent developments of a monotonicity imaging
method for magnetic induction tomography in the small skin-depth regime Inverse Problems 26,
1–21
[5] Tamburrino, A.; Su, Z.; Ventre, S.; Udpa, L.; Udpa, S.S. 2016 Monotonicity Based Imaging Method in Time Domain Eddy Current Testing. DOI:10.3233/978–1–61499–639–2–1. In
Electromagnetic Nondestructive Evaluation (XIX) – 41
[6] Tamburrino A, Barbato L, Colton D and Monk P 2015 Imaging of dielectric objects via
monotonicity of the transmission eigenvalues, 12th Int. Conf. on Mathematical and Numerical
Aspects of Wave Propagation.
[7] Tamburrino A, Calvano F, Ventre S and Rubinacci G 2012 Non-iterative imaging method for
experimental data inversion in eddy current tomography NDT&E International 47 26–34
[8] Harrach B and Ullrich M 2013 Monotonicity-Based Shape Reconstruction in Electrical
Impedance Tomography SIAM Journal on Mathematical Analysis 45 3382–3403
[9] Harrach B and Ullrich M 2015 Resolution Guarantees in Electrical Impedance Tomography
IEEE Trans. Med. Imag. 34 1513–1521
[10] Harrach, B., Minh, M.N., Enhancing residual-based techniques with shape reconstruction
features in electrical impedance tomography, (2016) Inverse Problems, 32 (12), art. no. 125002.
[11] Harrach, B., Lee, E., Ullrich, M., Combining frequency-difference and ultrasound modulated
electrical impedance tomography, (2015) Inverse Problems, 31 (9), art. no. 095003
[12] Garde H and Staboulis S 2016 Convergence and Regularization for Monotonicity–Based
Shape Reconstruction in Electrical Impedance Tomography Numerische Mathematik 1–31
[13] Flores-Tapia D and Pistorius S 2010 Electrical Impedance Tomography Reconstruction Using
a Monotonicity Approach Based on a priori Knowledge, 32nd Annual International Conference
of the IEEE EMBS, Buenos Aires, Argentina (August 31 – September 4)
[14] Flores-Tapia D, O’Halloran M and Pistorius S 2011 A Bimodal Reconstruction Method for
Breast Cancer Imaging Progress In Electromagnetic Research 118 461–486

185

Minisymposia and contributed talks

M43-1: Hybrid models for inverse imaging problems (Part I)
Scheduled: TBA
Organizers: Martin Benning, University of Cambridge

Hendrik Dirks, University of Münster
Carola-Bibiane Schönlieb, University of Cambridge
Description: This minisymposium brings together experts who investigate hybrid image reconstruction & analysis models that aim at solving two imaging tasks at once - enhancing and
guiding the solution of one task by the solution of the other. Examples are for instance
joint image segmentation and image registration, or joint image reconstruction and
motion estimation. Such approaches offer significant benefits over decoupled models
like individual image reconstruction followed by subsequent image segmentation or motion estimation, respectively. However, hybrid modelling also often leads to additional
challenges when it comes to their mathematical analysis and computational modeling,
such as handling non-linear forward-models, non-convex fidelities and high-dimensional
data.
Talks 1. Joint reconstruction and segmentation from undersampled MRI data
details:
Veronica Corona, University of Cambridge
Abstract. Magnetic resonance imaging (MRI) is widely used in medical and non-medical
applications. It often deals with fast acquisition techniques and incomplete measurements,
posing challenges in the reconstruction and further analysis of the data. One common
imaging task is segmentation, which is typically posterior to acquisition. However, it has
been shown for different imaging techniques (x-rays, SPECT, PET) that solving both
problems simultaneously can improve performances.
We propose a method to jointly reconstruct and segment undersampled data from MRI.
We derive a variational model that consists of a total variation regularised reconstruction from undersampled k-space and a Chan-Vese based segmentation. We develop an
algorithm based on a splitting approach that solves efficiently the two minimisation subproblems. We present our method and its performance for synthetic and real data.

2. Optical-flow based video super-resolution
Hendrik Dirks, University of Münster
Abstract. An interesting task in computer vision is the super-resolution problem where,
using the dynamics in an image sequence, images with increased spatial resolution can be
obtained. This can be used for example to enhance the resolution of telescopes or make
a licence plate in a video readable.
In this talk a variational framework for video super-resolution based on an optical flow
model is proposed. We introduce a joint model that is simultaneously capable of calculating high resolution images from all corresponding frames in a sequence and estimate the
optical flow between them. Both tasks endorse each other and give a significant benefit
to the reconstructed image sequence and the obtained velocity fields.
During the talk we give a short overview of existing models, provide analytical results and
give insight into an alternating minimization approach that leads to convex sub problems.
Finally, applications to synthetic and real data are shown.
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3. Hybrid imaging using X-rays and neutrons
Esther Klann, TU Berlin
Abstract. X-rays as well as neutrons are used to image the interior of an object. Hybrid
methods combine different imaging modalities to exploit their individual strengths and
compensate their weaknesses. Some materials show very low contrast for one type of
radiation, e.g., X-rays, but very high contrast for another type of radiation, e.g., neutrons.
We propose a hybrid approach that uses both data sets to reconstruct the object. The
geometry of the object works as the joint variable whereas two sets of attenuation values
are computed that describe the answer of the materials to the two different types of
radiation. The geometry is identified using topological and shape derivatives.

4. Optical flow on evolving sphere-like surfaces
Lukas Lang, Johann Radon Institute for Computational and Applied Mathematics
Abstract. We consider optical flow on evolving surfaces which can be parametrised from
the 2-sphere. Our main motivation is to estimate cell motion in time-lapse volumetric
microscopy images depicting fluorescently labelled cells of a live zebrafish embryo. We
exploit the fact that the recorded cells float on the surface of the embryo and allow
for the extraction of an image sequence together with a sphere-like surface. We solve
the resulting variational problem by means of a Galerkin method based on compactly
supported vectorial basis functions and present numerical results.
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M43-2: Hybrid models for inverse imaging problems (Part II)
Scheduled: TBA
Organizers: Martin Benning, University of Cambridge

Hendrik Dirks, University of Münster
Carola-Bibiane Schönlieb, University of Cambridge
Description: This minisymposium brings together experts who investigate hybrid image reconstruction & analysis models that aim at solving two imaging tasks at once - enhancing and
guiding the solution of one task by the solution of the other. Examples are for instance
joint image segmentation and image registration, or joint image reconstruction and
motion estimation. Such approaches offer significant benefits over decoupled models
like individual image reconstruction followed by subsequent image segmentation or motion estimation, respectively. However, hybrid modelling also often leads to additional
challenges when it comes to their mathematical analysis and computational modeling,
such as handling non-linear forward-models, non-convex fidelities and high-dimensional
data.
Talks 1. Joint registration and non-local topology-preserving segmentation
details:
model
Carole Le Guyader, INSA de Rouen
Abstract. In this talk, we address the issue of designing a theoretically well-motivated
joint registration-segmentation method capable of handling large and smooth deformations. The shapes to be matched are viewed as hyperelastic materials and more precisely
as Saint Venant-Kirchhoff ones, and are implicitly modelled by level set functions. These
are driven in order to minimize a functional containing both a nonlinear-elasticity-based
regularizer prescribing the nature of the deformation, and a criterion that forces the
evolving shape to match intermediate topology-preserving segmentation results, treating
then jointly segmentation and registration. Theoretical results encompassing existence of
minimizers, existence of a weak viscosity solution of the related evolution problem and
asymptotic results are provided. The study is then complemented by the derivation of the
discrete counterparts of the asymptotic results provided in the continuous domain. Both
a pure quadratic penalization method and an augmented Lagrangian technique (involving
a related dual problem) are investigated with convergence results.
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2. Enhancing dynamic, sub-sampled 3D photoacoustic tomography by simultaneous motion estimation
Felix Lucka, University College London
Abstract. The acquisition time of current high-resolution 3D photoacoustic tomography
(PAT) devices limits their ability to image dynamic processes in living tissue (4D PAT).
In previous work, we demonstrated that images with acceptable spatial resolution can be
obtained from suitably sub-sampled PAT data if sparsity-constrained image reconstruction
techniques such as total variation regularization enhanced by Bregman iterations are used.
Now, we will show how a further increase of image quality or dynamic frame rate can be
achieved by exploiting the temporal redundancy of the data. For this, we couple the
spatial image reconstruction models with sparsity-constrained motion estimation models.
While simulated data from numerical phantoms will be used to illustrate the concept and
potential of the developed methods, we will also discuss the results of their application to
different measured data sets. Furthermore, we will outline how to combine GPU computing and state-of-the-art optimization approaches to cope with the immense computational
challenges imposed by 4D PAT.
Joint work with Simon Arridge, Paul Beard, Marta Betcke, Ben Cox, Nam Huynh and
Edward Zhang.

3. Fast solvers for coupled imaging problems
Ruthotto Lars, Emory University
Abstract. This talk presents some large-scale coupled optimization problems arising in
imaging and efficient numerical methods for their solution. In particular, we are interested
in linear and nonlinear inverse imaging problems involving motion affected noisy data. Our
goal is to simultaneously reconstruct images and recover motion. We discuss and compare
decoupled, partially coupled and fully coupled optimization techniques. For the latter,
we propose a novel method that is very efficient when the motion can be represented
using relatively few parameters, for example, rigid, affine, or smooth low-dimensional
transformation models. Since the imaging problems at hands are typically ill-posed we add
prior knowledge on the expected solution by adding regularization and constraints. For
our work, we consider simple bound constraints on both the image and motion parameters
and explore the use of hybrid methods for determining regularization parameters. Our
numerical experiments provide a detailed convergence analysis and outline the potential
of the methods for large-scale imaging problems.

4. Simultaneous reconstruction and segmentation for dynamic SPECT
imaging
Carolin Roßmanith, University of Münster
Abstract. This work deals with the reconstruction of dynamic images that incorporate
characteristic dynamics in certain subregions, as arising for the kinetics of many tracers in emission tomography (SPECT, PET). We make use of a basis function approach
for the unknown tracer concentration by assuming that the region of interest can be
divided into subregions with spatially constant concentration curves. Applying a regularized variational framework reminiscent of the Chan-Vese model for image segmentation
we simultaneously reconstruct both the labelling functions of the subregions as well as the
subconcentrations within each region. Our particular focus is on applications in SPECT
with Poisson noise model, resulting in a Kullback-Leibler data fidelity in the variational
approach.
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M44-1: Fast algorithms for numerical simulation and their applications in
inverse problems (Part I)
Scheduled: TBA
Organizers: Carlos Borges, University of Texas at Austin

Min Hyung Cho, University of Massachusetts Lowell
Mike O’Neil, New York University
Jun Lai, Zhejiang University
Description: Inverse problem plays a key role in modern science, ranging from geophysics, medical
imaging, optics, etc. Due to its complexity and lack of analytical solutions most of
the times, numerical simulations are invoked to solve those problems. Designing fast
and high order algorithms are necessary to obtain accurate and fast solutions, so that
large scale problems can be solved effectively and efficiently. In this mini-symposium,
we will discuss some of those fast algorithms for wave propagation, heat equations, as
well as their properties and applications in inverse problems.
Talks 1. Fast algorithms for cryo-electron microscopy single particle reconstrucdetails:
tion
Jane Zhao, University of Illinois at Urbana-Champaign
Abstract. TBA.

2. A distributed-memory Newton–Krylov solver for constrained diffeomorphic image registration
Andreas Mang, University of Texas at Austin
Abstract. Image registration is a classical ill-posed, non-convex, non-linear inverse
problem with numerous applications in medical imaging and computer vision. It is about
establishing meaningful spatial correspondence between two or more images acquired of
the same scene. We treat image registration as a variational PDE constrained optimization
problem, where the PDE constraints are the transport equations for the image intensities.
We present an algorithmically optimal Newton–Krylov algorithm for diffeomorphic image
registration that scales on supercomputing platforms. We will discuss schemes for preconditioning the reduced space Hessian that—in combination with an unconditionally stable
semi-Lagrangian time integrator—deliver an orders of magnitude speedup compared to
the state-of-the-art. We will study numerical accuracy, rate of convergence, registration
quality, scalability, and runtime of our solver. We will show that we can solve clinically
relevant problems with up to 50 million unknowns in less than two minutes on a workstation with 40 cores. We can reduce the runtime to under five seconds if we switch to
64 compute nodes, paving the way to approach real-time applications. This is joint work
with Amir Gholami and George Biros.
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3. The numerical solution of frequency-domain acoustic and electromagnetic periodic scattering problems
Yuxiang Liu, Yale University
Abstract. The control of waves using periodic structures is crucial for modern optical,
electromagnetic and acoustic devices such as diffraction gratings, filters, photonic crystals, solar cells, sensors, and absorbers. We present a high-order accurate boundary-based
numerical solver for three-dimensional (3D) frequency-domain scattering from a doublyperiodic grating of obstacles. We focus on the case of axisymmetric objects, and handle
both acoustic and electromagnetic cases. We combine the method of fundamental solutions (MFS) with a new periodizing scheme, using various fast algorithms such as the fast
multiple method and the so-called “skeletonization". Our scheme has exponential convergence for analytic shapes and avoids singular quadratures, periodic Green’s functions,
and lattice sums. Furthermore, the convergence rate of our scheme is unaffected by resonances within obstacles. The periodizing scheme is also independent of the complexity
of the objects and the frequency can reach 13𝜆 × 13𝜆 × 13𝜆 in each periodic unit, which
covers the vast majority of scattering problems in practice; meanwhile, the solver can
achieve 10 digits of accuracy, takes less than 1 hour of computational time, and requires
less than 6GB of RAM space.

4. Nonparaxial near-nondiffracting accelerating optical beams
Ting Zhou, Northeastern University
Abstract. We show that new families of accelerating and almost non-diffracting beams
(solutions) for Maxwell’s equations can be constructed. These are complex geometrical
optics (CGO) solutions to Maxwell’s equations with nonlinear limiting Carleman weights.
They have the form of wave packets that propagate along circular trajectories while almost
preserving a transverse intensity profile. We also show similar waves constructed using
the approach combining CGO solutions and the Kelvin transform.

191

Minisymposia and contributed talks

M44-2: Fast algorithms for numerical simulation and their applications in
inverse problems (Part II)
Scheduled: TBA
Organizers: Carlos Borges, University of Texas at Austin

Min Hyung Cho, University of Massachusetts Lowell
Mike O’Neil, New York University
Jun Lai, Zhejiang University
Description: Inverse problem plays a key role in modern science, ranging from geophysics, medical
imaging, optics, etc. Due to its complexity and lack of analytical solutions most of
the times, numerical simulations are invoked to solve those problems. Designing fast
and high order algorithms are necessary to obtain accurate and fast solutions, so that
large scale problems can be solved effectively and efficiently. In this mini-symposium,
we will discuss some of those fast algorithms for wave propagation, heat equations, as
well as their properties and applications in inverse problems.
Talks 1. On the solution of elliptic partial differential equations on regions with
details:
corners
Kirill Serkh, New York University
Abstract. The solution of elliptic partial differential equations on regions with nonsmooth boundaries (edges, corners, etc.) is a notoriously refractory problem. In this
talk, I observe that when the problems are formulated as boundary integral equations of
classical potential theory, the solutions (of the integral equations) in the vicinity of corners
are representable by series of elementary functions. In addition to being analytically
perspicuous, the resulting expressions lend themselves to the construction of accurate
and efficient Nystrom discretizations of the associated boundary integral equations. The
results are illustrated by a number of numerical examples.

2. An efficient method on the simulation of electromagnetic scattered fields
from the metasurface structures
Yumao Wu, Fudan University
Abstract. Conventional optical components rely on light propagation through media of
invariable refractive to shape wavefront thus substantial phase and polarization changes
are gradually accumulated. Metasurfaces break the dependence on the propagation effect by introducing abrupt changes of optical properties. To analyze the distinctive light
propagation features of metasurface structures, we propose the boundary integral equation based Neumann-to-Dirichlet (NtD) map method to calculate the electromagnetic
scattered fields. Different from the traditional integral equation method, the operators in
our method can avoid the complicated periodic Green’s function. Some numerical examples are conducted to demonstrate the accuracy and efficiency of our proposed method.
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3. Using fast algorithms in the solution of the inverse medium problem
Carlos Borges, University of Texas at Austin
Abstract. I describe a fast, stable framework for the solution of the inverse acoustic
scattering problem. Given full aperture far field measurements of the scattered field for
multiple angles of incidence, Chen’s method of recursive linearization is used to obtain
high resolution reconstructions of properties of the scatterer. Despite the fact that the underlying optimization problem is formally ill-posed and non-convex, recursive linearization
requires only the solution of a sequence of linear least squares problems at successively
higher frequencies. By seeking a suitably band-limited approximation of the sound speed
prole, each least squares calculation is well-conditioned and involves the solution of a
large number of forward scattering problems. For two dimension problems we employ
spectrally accurate, fast direct solvers. For the largest problems considered, approximately one million partial differential equations were solved, requiring approximately two
days to compute using a parallel MATLAB implementation on a multi-core workstation.

4. Forward and inverse scattering problems for multi-particle system via
FMM and NUFFT
Jun Lai, Zhejiang University
Abstract. Mutli-particle scattering arises from several important applications including
biomedical optics, atmospheric radiation, remote sensing, etc. In this talk, we study the
scattering from some extended obstacles within a large number of small particles. The
forward scattering problem is formulated via generalized Foldy-Lax formulation. Fast
Multiple Method(FMM) is applied to accelerate the evaluation of the far field pattern.
For the inverse problem, a direct imaging method is proposed with the indicator function
evaluated through non-uniform FFT(NUFFT). Numerical experiments are presented to
show the effectiveness and efficiency of the algorithm.
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M45-1: Inverse problems for parabolic equations (Part I)
Scheduled: TBA
Organizers: Gen Nakamura, Hokkaido University

Haibing Wang, Southeast University
Description: In recent years, there have been many studies on inverse problems for parabolic
equations, aiming to recover some unknowns in initial-boundary value problems for
parabolic equations from extra information on their solutions. The unknowns may be
source terms, initial status, physical parameters or possible defects inside the media.
The great progress has been made in the theoretical and numerical studies of these
inverse problems. This mini-symposium aims to bring researchers together working on
inverse problems for parabolic equations and present some recent developments. We
also invite researchers who are studying the topics closely linked to this subject.
Talks 1. TBA
details:
Jérôme Le Rousseau, Université Paris 13
Abstract. TBA.

2. Solving inverse parabolic problems using pointwise observations
Michel Cristofol, Aix-Marseille Université
Abstract. In this talk I will give a review of recent results concerning the reconstruction
of coefficients in parabolic problems using pointwise observations in space. I will consider
various situations and particularly the case of the simultaneous reconstruction of several
coefficients. I will show some numerical simulations.

3. Photothermal imaging by topological derivative based methods
Maria-Luisa Rapun, Universidad Politecnica de Madrid
Abstract. In this work we propose a numerical method to detect objects buried in a
medium by surface thermal measurements. The aim is to reconstruct the geometry of
the inclusions and their material parameters by heating the surface of the medium at a
number of locations. The resulting temperature field is measured on the same surface. The
inverse problem is formulated as a weighted optimization problem with a time dependent
constraint, where the objects and their material constants are the design variables. The
Laplace transform is then used to generate an approximate optimization problem with
a small number of stationary constraints. We implement a descent strategy alternating
topological derivative techniques to reconstruct the geometry of inclusions with gradient
methods to identify their material parameters. Numerical simulations illustrating the
performance of the method will be shown.
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4. Application of microlocal analysis to an inverse problem arising from
financial markets
Yasushi Ota, Okayama University of Science
Abstract. One of the most interesting problems discerned when applying the BlackScholes model to financial derivatives, is reconciling the deviation between expected and
observed values. In our recent work, we derived a new model based on the Black-Scholes
model and formulated a new mathematical approach to an inverse problem in financial
markets. In this paper, we apply microlocal analysis to prove a uniqueness of the solution
to our inverse problem. While microlocal analysis is used for various models in physics
and engineering, this is the first attempt to apply it to a model in financial markets.
First, we explain our model, which is a type of arbitrage model. Next we illustrate our
new mathematical approach, and then for space-dependent real drift, we obtain stable
linearization and an integral equation. Finally, by applying microlocal analysis to the
integral equation, we prove our uniqueness of the solution to our new mathematical model
in financial markets.
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M45-2: Inverse problems for parabolic equations (Part II)
Scheduled: TBA
Organizers: Gen Nakamura, Hokkaido University

Haibing Wang, Southeast University
Description: In recent years, there have been many studies on inverse problems for parabolic
equations, aiming to recover some unknowns in initial-boundary value problems for
parabolic equations from extra information on their solutions. The unknowns may be
source terms, initial status, physical parameters or possible defects inside the media.
The great progress has been made in the theoretical and numerical studies of these
inverse problems. This mini-symposium aims to bring researchers together working on
inverse problems for parabolic equations and present some recent developments. We
also invite researchers who are studying the topics closely linked to this subject.
Talks 1. The reconstruction of boundary heat transfer by alternative iterations
details:
Jijun Liu, Southeast University
Abstract. When modern electronic devices such as CPU work, the exothermic effects
always appear. The sharp change of the temperature on the devices surface can be considered as an indicator of the drawback inside the electronic devices. Motivated by this
engineering observation, we consider an inverse problem for 1-dimensional heat conduction model, with the aim of detecting the non-smooth heat dissipation coefficient from
the temperature measured on the device surface. For this nonlinear ill-posed problem, we
prove the uniqueness of inverse problem and propose the Tikhonov regularizing scheme
with total variation penalty term to recover the sharp jump of the heat dissipation coefficient. To overcome the difficulty for solving the nonquadratic optimizing problem, we
propose an iterative scheme which optimizing the data-matching term and the regularity
term alternatively. Numerical implementations are presented.
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2. Inverse problems of textile parameters determination based on thermal
comfort/safety: from engineering to mathematics
Dinghua Xu, Zhejiang Sci-Tech University
Abstract. Textile material design is of paramount important in the study of functional
clothing design. It is therefore important to reveal heat and moisture transfer characteristics in the system of human body-clothing-environment, which directly determine thermal
comfort/safety level of human body. Based on the parabolic model of dynamic heat and
moisture transfer with condensation in porous fabric under low temperature, we present
inverse problems of textile parameters determination (IPTPD), including thickness, thermal conductivity and porosity determination. Moreover we mathematically formulate a
new space-fractional parabolic model of heat-moisture transfer within thermal protective
clothing under high environmental temperature-humidity, and the corresponding inverse
problems of textile material design are put forward. Adopting the idea of regularization
approaches, we formulate the IPTPD into function minimization problems. Developing
efficient numerical methods for coupled PDEs, sideways parabolic problems and direct
search methods for optimization problems, we construct iterative algorithms of approximated solution for the IPTPD. Theoretical study and numerical simulation results validate
the formulation of the IPTPD and demonstrate effectiveness of the proposed numerical
algorithms.
References:
[1] D Xu, Mathemtical Modeling of Heat and Moisture Transfer within Textiles and Corresponding Inverse Problems of Textile Material Design, Beijing: Science Press, 2014.
[2] D Xu, M Ge, Thickness determination in textile material design: dynamic modeling and numerical algorithms, Invesre problems, 2012, 28:001-022, doi:10.1088/02665611/28/3/035011
[3]D Xu, Y Chen, X Zhou, Type design for bilayer textile materials under low temperature:
modeling, numerical algorithm and simulation, International Journal of Heat and Mass
Transfer 60 (2013) 582-590.
[4] D Xu, Inverse problems of textile material design based on clothing heat-moisture
comfort, Applicable Analysis, 2014, doi:10.1080/00036811.2014.916403.
[5] D Xu, P Cui, Simultaneous Determination of Thickness, Thermal Conductivity and
Porosity in Textile Material Design. Int. Journal of Inverse and Ill-posed Problems, 2016,
24(1): 59-66.
[6] Y Yu, D Xu, Y Steve Xu, Q Zhang, Variational formulation for a fractional heat
transfer model in firefighter protective clothing, Applied Mathematical Modelling, 2016,
doi: 10.1016/j.apm. 2016.05.035.

3. Empirical evaluated SDE modelling for dimensionality-reduced systems
and its predictability estimates
Naoto Nakano, Hokkaido University
Abstract. Here, we develop and validate a method of empirical modelling for a
dimensionality- reduced system of a nonlinear dynamical system based on the framework
of the stochastic differential equation (SDE). Following the mathematical theorem corresponding to some inverse problem of the probability theory, we derive some empirically
evaluating formulae for the drift vector and the diffusion matrix of the SDE. Focusing on
a low-dimensional dynamical system of the Lorenz system, we empirically reconstruct an
SDE that approximates the original time-series on the projected 2-dimensional plane. To
assess the availability of the obtained SDE, we compare the ensemble variance of solutions
generated by the numerical SDE to that of the trajectories of the projected orbit of the
time-series. The results have good agreements in the distribution of values of the ensemble
variance and show the predictive ability of the SDE modelling.
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4. Quadratic convergence of L-M method for parabolic inverse Robin problems and DDMs for convex minimizations
Daijun Jiang, Central China Normal University
Abstract. We study the Levenberg-Marquardt (L-M) method for solving the highly
nonlinear and ill-posed inverse problem of identifying the Robin coefficients in parabolic
systems. The L-M method transforms the Tikhonov regularized nonlinear non-convex
minimizations into convex minimizations. And the quadratic convergence of the L-M
method is rigorously established for the nonlinear parabolic inverse problems for the first
time, under a simple novel adaptive strategy for selecting regularization parameters during
the L-M iteration. Then the domain decomposition methods are used to solve the convex
minimizations. The methods are completely local and the local minimizers have explicit
expressions within the subdomains. Numerical experiments are presented to show the
accuracy and efficiency of the methods, in particular, the convergence seems nearly optimal
in the sense that the iteration number of the methods is independent on the mesh size.
(This is a joint work with Profs. Jun Zou and Hui Feng.)
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M46-1: Stability and reconstruction in inverse problems and their applications (Part I)
Scheduled: TBA
Organizers: Romina Gaburro, University of Limerick

Eva Sincich, Università degli Studi di Trieste
Description: In many inverse problems one seeks to recover one or more parameters describing a
physical property of an object/material from acquired data. In this symposium we
suggest to study what are the issues related to the reconstruction of such parameters
which will eventually lead to the development of an image of the object. Stability,
that is the continuous dependence of the unknown parameter/s from the data, plays
of course a fundamental role in the reliability of any reconstruction procedure since,
in practice, the data of the problem will be affected by errors. This symposium is
devoted to the study of the stability and reconstruction issues among a variety of
inverse problems.
Talks 1. Asymptotic methods and inverse scattering for inhomogeneous media
details:
Fioralba Cakoni, Rutgers University
Abstract. In this talk we discuss the use of qualitative approaches combined with
asymptotic analysis to recover information about inhomogeneous media containing small
parameter features that are not in the Born approximation regime.

2. An inverse scattering problem in random media
Pedro Caro, Basque center for applied mathematics
Abstract. In inverse scattering theory the aim is to determine a scattering potential 𝑞
from appropriate measurements. In many applications the scatterer is non-smooth and
vastly complicated. For such scatterers, the inverse problem is not so much to recover the
exact micro-structure of an object but merely to determine the parameters or functions
describing the properties of the micro-structure. An example of such a parameter is
the local strength of the scatterer, which shows how realizations oscillate around the
mean. In mathematical terms, the potential 𝑞 is assumed to be a Gaussian random
function whose covariance operator is a classical pseudo-differential operator. We show
that the backscattered field, obtained from a single realization of the random potential 𝑞,
determines uniquely the principal symbol of the covariance operator. This is a joint work
with Tapio Helin and Matti Lassas.

3. Inverse problem for elastic surface waves
Maarten de Hoop, Rice University
Abstract. We present a semiclassical analysis of surface waves or modes in an elastic
medium, in spatial dimension three, which is quasi-stratified near a boundary at some
scale comparable to the wave length. We study Weyl’s laws for Love and Rayleigh waves
and exploit these in the analysis of the associated inverse problem.

4. Stability of Calderon inverse problem in 2D
Daniel Faraco, Universidad Autónoma de Madrid
Abstract. We give if and only if conditions for the stability of Calderon problem in 2D.
This is a joint work with Martí Prats.
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M46-2: Stability and reconstruction in inverse problems and their applications (Part II)
Scheduled: TBA
Organizers: Romina Gaburro, University of Limerick

Eva Sincich, Università degli Studi di Trieste
Description: In many inverse problems one seeks to recover one or more parameters describing a
physical property of an object/material from acquired data. In this symposium we
suggest to study what are the issues related to the reconstruction of such parameters
which will eventually lead to the development of an image of the object. Stability,
that is the continuous dependence of the unknown parameter/s from the data, plays
of course a fundamental role in the reliability of any reconstruction procedure since,
in practice, the data of the problem will be affected by errors. This symposium is
devoted to the study of the stability and reconstruction issues among a variety of
inverse problems.
Talks 1. On the reconstruction of discontinuous parameters using gradient based
details:
methods
Houssem Haddar, École Polytechnique
Abstract. We consider the inverse problem of retrieving discontinuous parameters in
boundary operators/or discontinuities in boundary conditions from Cauchy data at a
distant measurement curve/surface. We prove in particular that the differentiability of
the state variable with respect to discontinuity points/curves does not hold in general. We
then explain why a Khon-Vogelius type functional is Fréchet differentiable and can be used
in a gradient type minimizing algorithm. We discuss these issues for the Laplace operator
and also some extensions to the case of the Helmhotz operator modeling inverse scattering
problems at a fixed frequency. Exploiting differentiability with respect to dicontinuity
points lead to efficient inversion methods. Some validating numerical results will be
presented. Joint work with B. Charfi and S. Chaabane.

2. Approximate reconstruction in the Gelfand inverse problem on manifolds without boundary
Yaroslav Kurylev, University College London
Abstract. We consider an inverse spectral problem on compact manifolds without
boundary. The data are first the eigenvalues and eigenfunctions, known with some error
in an open subset of the unknown manifold. Dealing with a proper Gromov class of
manifolds, we provide a method to construct, in a stable way, a metric approximation to
the manifold. This is a joint work with R. Bosi and M. Lassas.
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3. The Calderón problem with Lipschitz conductivities
Keith Rogers, Spanish National Research Council
Abstract. I will review recent progress for Calderón’s inverse problem with Lipschitz
conductivities. We will see that uniqueness holds in dimensions 𝑛 ≥ 3, extending a result
of Haberman who proved uniqueness for conductivities 𝛾 in the larger class 𝐿∞ ∩ 𝑊 1,𝑛 in
dimensions 𝑛 = 3 or 4. The proof builds on the work of Sylvester and Uhlmann, Brown,
and Haberman and Tataru who proved uniqueness for 𝐶 1 -conductivities and Lipschitz
conductivities sufficiently close to the identity (as long as ‖∇ log 𝛾‖∞ is sufficiently small).
We will recall their ideas, before briefly describing the proof of a Carleman estimate that
is used to remove the smallness condition. This is joint work with Pedro Caro. I will also
report on the associated reconstruction formula, following the work of Nachman, García
and Zhang.

4. The Calderón problem for the fractional Laplacian
Mikko Salo, University of Jyväskylä
Abstract. We show global uniqueness in an inverse problem for the fractional
Schrödinger equation: an unknown potential in a bounded domain is uniquely determined by exterior measurements of solutions. We also show global uniqueness in the
partial data problem where the measurements are taken in an arbitrary open subset of
the exterior, and discuss the stability and reconstruction aspects. The results apply in
any dimension ≥ 2 and are based on a strong approximation property of the fractional
equation that extends earlier work. This special feature of the nonlocal equation renders
the analysis of related inverse problems radically different from the traditional Calderón
problem.
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M47-1: Visibility and invisibility for wave scattering (Part I)
Scheduled: TBA
Organizers: Hongyu Liu, Hong Kong Baptist University

Xiaodong Liu, Chinese Academy of Sciences
Description: This minisymposium shall bring together leading experts working on inverse problems
and invisibility cloaking for wave propagations to discuss the recent advancements in
these fascinating fields.
Talks 1. Inverse Scattering for Shape and Impedance
details:
William Rundell , Texas A&M University
Abstract. Our inverse scattering problem is to reconstruct both the shape and the
impedance function of an impenetrable two-dimensional obstacle from the far field pattern
for scattering of time-harmonic acoustic or E-polarized electromagnetic plane waves. We
propose an inverse algorithm that is based on a system of nonlinear boundary integral
equations associated with a single-layer potential approach to solve the forward scattering
problem. We present the mathematical foundation of the method and exhibit its feasibility
by numerical examples.

2. On recovery of a penetrable periodic interface
Fenglong Qu, Yantai University
Abstract. In this talk I will introduce some uniqueness results on inverse scattering
problems with penetrable periodic interfaces. We will provide a novel foundamental proof
of uniqueness for some kinds of inverse problems with unbounded bi-periodic structures.

3. Simultaneous recovery of an internal source and the surrounding
medium in Maxwell system
Youjun Deng, Central South University
Abstract. We consider an inverse problem associated with the Maxwell system of recovering both an unknown electric source term and the surrounding medium parameters
inside a bounded body by the corresponding boundary measurements. The major finding
can be roughly stated that if the electric source function is invariant along any given direction, and the medium parameters are all constants, then one can simultaneously recover
all of them. The main mathematical arguments to establish the recovery result are first
to derive certain integral representations of the electric and magnetic fields, respectively.
Then, by asymptotic analysis in the low frequency regime, one can derive certain integral
identities involving the source function and the material parameters, which are coupled
together. By inverting those integral identities by certain harmonic analysis techniques,
one can obtain the desired unique recovery result. Our result may find interesting applications in electroencephalography (EEG) and magnetoencephalography (MEG), which
are two important medical diagnostic methods to human brains.
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4. Recovery in the conductivity problem with possibly impenetrable obstacles inside
Jiaqing Yang, Xi’an Jiaotong University
Abstract. In this talk, I will discuss the electrostatic inverse boundary value problem
also known as electrical impedance tomography (EIT) for the case where the conductivity
is a piecewise constant function on a bounded domain 𝑅𝑛 , 𝑛2 , and several impenetrable
obstacles lie inside. We show that the conductivity can be recovered in each domain
partition including its support in terms of the local Dirichletto-Neumann map defined
on an arbitrary small open subset of the boundary. Furthermore, we show that the
impenetrable obstacles inside are also recovered using such partial data. The results
depends on a novel and elementary discussion developed in the present talk, which is
completely different from the most existing approaches based on constructing complex
geometrical optics solutions.
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M47-2: Visibility and invisibility for wave scattering (Part II)
Scheduled: TBA
Organizers: Hongyu Liu, Hong Kong Baptist University

Xiaodong Liu, Chinese Academy of Sciences
Description: This minisymposium shall bring together leading experts working on inverse problems
and invisibility cloaking for wave propagations to discuss the recent advancements in
these fascinating fields.
Talks 1. RTM method for inverse scattering problem in electromagnetic wavegdetails:
uide
Junqing Chen, Tsinghua University
Abstract. We propose a new reverse time migration (RTM) algorithm for imaging extended targets using electromagnetic waves at a fixed frequency in the rectangular waveguide. The imaging functional is defined as the imaginary part of the cross-correlation of
the Green function for Helmholtz equation and the back-propagated electromagnetic field.
The resolution of our RTM method for penetrable extended targets is studied by virtue
of Helmholtz-Kirchhoff identity in the rectangular domain. The analysis implies that our
imaging functional is always positive and thus may have better stability properties. Numerical examples are provided to demonstrate the powerful imaging quality and confirm
our theoretical results.

2. A direct imaging method for inverse scattering by an unbounded rough
surface: the case of incident point sources
Xiaoli Liu, Chinese Academy of Science
Abstract. In this talk, we propose a direct imaging method to reconstruct the rough
surface using the scattered Cauchy data generating by point sources. We analyze the
asymptotic behavior for the scattered wave and obtain a result for the unbounded rough
surface which is similar to the Helmholtz-Kirchhoff identity for bounded obstacles. This is
very important on the derivation of the indicator function and the performance analysis.
As an additional product, a reciprocity relation 𝑢𝑠 (𝑥, 𝑦) = 𝑢𝑠 (𝑦, 𝑥) for the non-locally
rough surface is obtained. In the end of this talk, some numerical simulations are presented
to validate that our method is effective and available for either penetrable surface or the
impenetrable surfaces with Dirichlet or impedance boundary conditions. It is a joint work
with Bo Zhang and Haiwen Zhang.

3. Locating and determining shapes of multiple scatterers with finite electromagnetic point sources
Hongpeng Sun, Renmin University of China
Abstract. In this talk, a sampling method for finding the locations and shapes of multiple scaterers by electromagnetic point sources is discussed. With the relations between the
scattering fields of produced by incident plane EM (electromagnetic) waves and incident
EM point sources under appropriate conditions, a sampling methods based on indicator
functions is proposed. The proposed indicator functions is involved with inner product
measured data of scattering fields and specially designed test wave functions with some
priori information. The proposed sampling method is not sensitive to noise level, and
allows the reconstructions with phaseless data. This work is a joint work with Jingzhi Li,
Hongyu Liu and Yuliang Wang.
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4. Gesture recognition with EM wave
Yuliang Wang, Hong Kong Baptist University
Abstract. In this talk, we present a conceptual design of a novel gesture-based instruction/input device using wave detection. The device recogonizes/detects gestures from a
person and based on which to give the specific orders/inputs to the computing machine
that is connected to it. The gestures are modelled as the shapes of some impenetrable
or penetrable scatterers from a certain admissible class, called a dictionary. The device generates time-harmonic point signals for the gesture recognition/detection. It then
collects the scattered wave in a relatively small backscattering aperture on a bounded
surface containing the point sources. The recognition algorithm consists of two steps and
requires only two incident waves of different wavenumbers. The approximate location of
the scatterer is first determined by using the measured data at a small wavenumber and
the shape of the scatterer is then identified using the computed location of the scatterer
and the measured data at a regular wavenumber. We provide the mathematical principle
with rigorous justifications underlying the design. Numerical experiments show that the
proposed device works effectively and efficiently in some practical scenarios.

205

Minisymposia and contributed talks

M47-3: Visibility and invisibility for wave scattering (Part III)
Scheduled: TBA
Organizers: Hongyu Liu, Hong Kong Baptist University

Xiaodong Liu, Chinese Academy of Sciences
Description: This minisymposium shall bring together leading experts working on inverse problems
and invisibility cloaking for wave propagations to discuss the recent advancements in
these fascinating fields.
Talks 1. Corners always scatter - quantitative results
details:
Eemeli Blåsten, HKUST Jockey Club Institute for Advanced Study
Abstract. Classical methods for solving the inverse scattering problem are the linear
sampling method by Colton and Kirsch and the factorization method by Kirsch. However
for these methods to work well each incident wave should produce a non-trivial scattered
wave. There are radially symmetric penetrable scatterers for which this is not true. With
Sylvester and Päivärinta we showed that a scatterer having a right-angled corner always
scatters. Hu, Salo and Vesalainen generalized this and showed an interesting consequences:
each penetrable scatterer with different polygonal support produces a different far-field
pattern for any given incident wave! I will discuss quantifying these results. This is a
joint work with Hongyu Liu.

2. Corners scatter for electromagnetic waves
Jingni Xiao, Hong Kong Baptist University
Abstract. We show that an electromagnetic (EM) medium with a right corner will
always scatter incident waves, under certain regularity and admissible conditions. This
result implies that one cannot make invisible to EM waves a medium with corners, except
perhaps for a class of incident waves. This is a joint work with Hongyu Liu.

3. Mathematical design of a novel input/instruction device using a moving
emitter
Yukun Guo, Harbin Institute of Technology
Abstract. This talk is concerned with the mathematical design of a novel input/instruction device using a moving acoustic emitter. The emitter generates a point
source and can be installed on a digital pen or worn on the finger of the human being
who wants to interact/communicate with the computer. The input/instruction can be
recognized by identifying the motion trajectory of the emitter performed by the human
being from the collected wave field data. The identification process is modelled as an
inverse source problem where one intends to identify the trajectory of a moving point
source. There are several salient features of our study. First, the point source is moving
in an inhomogeneous background medium, which models the human body. Second, the
dynamical wave field data are collected in a limited aperture. Third, the reconstruction
method is independent of the background medium, and it is totally direct without any
matrix inversion. Hence, it is efficient and robust with respect to the measurement noise.
Both theoretical justifications and computational experiments will be presented to verify
our novel findings. This is a joint work with Jingzhi Li, Hongyu Liu and Xianchao Wang.
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4. Inverse scattering for unbounded fractally corrugated surfaces
Lei Zhang, Heilongjiang University and Zhejiang University
Abstract. In this talk,we mainly foucous on the recent development of the scattering
and inverse scattering by rough surfaces with tapered wave incidence. The phaseless
inverse scattering of optical or electromagnetic waves from unbounded fractally corrugated
surfaces are taken into account. We will show some new theoretical and computational
results for this issue.
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M47-4: Visibility and invisibility for wave scattering (Part IV)
Scheduled: TBA
Organizers: Hongyu Liu, Hong Kong Baptist University

Xiaodong Liu, Chinese Academy of Sciences
Description: This minisymposium shall bring together leading experts working on inverse problems
and invisibility cloaking for wave propagations to discuss the recent advancements in
these fascinating fields.
Talks 1. Singular partial differential equations and boundary conditions appeardetails:
ing in invisibility cloaking
Matti Lassas, University of Helsinki
Abstract. Transformation optics constructions have allowed the design of cloaking
devices that steer electromagnetic, acoustic and quantum parameters waves around a
region without penetrating it, so that this region is hidden from external observations.
The material parameters used to describe these devices are anisotropic, and singular at
the interface between the cloaked and uncloaked regions, making physical realisation a
challenge. These singular material parameters correspond to singular coefficient functions
in the partial differential equations modelling these constructions and the presence of these
singularities causes various mathematical problems and physical effects on the interface
surface. In this talk we review mathematical theory of cloaking. Moreover, we consider
the two and three dimensional cloaking when there are sources or sinks present inside
the cloaked region. In particular, we consider nonsingular approximate invisibility cloaks
based on the truncation of the singular transformations. Using such truncation we analyze
the limit when the approximate cloaking approaches the ideal cloaking. We consider
different cases when local or non-local pseudo-differential boundary conditions appear on
the inner cloak interface and give applications of the results.

2. Nearly cloaking for the elasticity system with residual stress
Yi-Hsuan Lin, Hong Kong University of Science and Technology
Abstract. The nearly cloaking via transformation optics approach for the isotropic
elastic wave fields is considered. This work extends the study of the nearly cloaking
scheme for the elasticity system with residual stress in R𝑁 𝑓 𝑜𝑟𝑁 = 2, 3, which is an
anisotropic elasticity system. The main difficulty of treating this problem lies in the fact
that there are no layer potential methods for the residual stress system. Instead, we will
derive suitable estimates for the elasticity system residual stress by comparing with the
Lamé system to achieve desired results. Moreover, note that there are no minor symmetric
property for the elasticity with residual stress, so we think this model is more natural than
the Lamé system in designing the cloaking medium in the physical sense.

3. On anomalous localized resonance for the astostatic system
Hongjie Li, Hong Kong Baptist University
Abstract. In this talk, I will introduce previous work on anomalous localized resonance
(ALR) for the Laplace equation. Then I would focus on the ALR due to a plasmonic
structure for the elastostatic system in three dimensions from variational perspective.
Since the Neumann-Poincareoperator forthe Lame system is not compact even if the
domain has a smooth boundary, the main difficulty is to calculate the spectrum of that
operator.
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4. Electromagenetic interior transmission eigenvalue problem for inhomogeneous media containing obstacles and its applications to near cloaking
Xiaofei Li, Southern University of Science and Technology
Abstract. We concern with the invisibility cloaking in electromagnetic wave scattering
from a new perspective. We are especially interested in achieving the invisibility cloaking
by completely regular and isotropic mediums. Our study is based on an interior transmission eigenvalue problem. We propose a cloaking scheme that takes a three-layer structure
including a cloaked region, a lossy layer and a cloaking shell. The target medium in the
cloaked region can be arbitrary but regular, whereas the mediums in the lossy layer and
the cloaking shell are both regular and isotropic. We establish that if a certain nontransparency condition is satisfied, then there exists an infinite set of incident waves such
that the cloaking device is nearly-invisible under the corresponding wave interrogation.
The set of waves is generated from the Maxwell-Herglotz approximation of the associated
interior transmission eigenfunctions.
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M47-5: Visibility and invisibility for wave scattering (Part V)
Scheduled: TBA
Organizers: Hongyu Liu , Hong Kong Baptist University

Xiaodong Liu , Chinese Academy of Sciences
Description: This minisymposium shall bring together leading experts working on inverse problems
and invisibility cloaking for wave propagations to discuss the recent advancements in
these fascinating fields.
Talks 1. Waves in resonant media
details:
Habib Ammari, ETH Zürich
Abstract. TBA.

2. Recover singularities using only the PET data
Yifan Chang, University of Washington
Abstract. Positron Emission Tomography (PET) is a powerful medical imaging modality with many applications. In its image reconstruction step, usually a CT scanning is
performed to do some attenuation correction to the raw PET data we get. In this talk,
we show that under piece-wise smooth regularity assumption, we can actually recover all
the jump discontinuities, which corresponds to the boundary of ROI, using only the raw
PET data.

3. Inverse problems for nonlinear wave equations in space-time
Yiran Wang, University of Washington and Hong Kong University of Science and Technology
Abstract. For semilinear wave equations on a 4-dimensional Lorentzian manifold, we
study the inverse problem of determining the space-time structure and the nonlinearity
using the source-to-solution map defined in a neighborhood of an observer. In particular,
we show that the source-to-solution map determines the topological, differentiable structure and the conformal class of the Lorentzian metric in the maximal set where waves
can propagate from the observer and return. Also, on a given space-time, some information about the nonlinear term can be determined. Applications to other nonlinear wave
equations will be discussed as well.
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M48-1: Integral geometry on manifolds (Part I)
Scheduled: TBA
Organizers: Joonas Ilmavirta, University of Jyväskylä

Francois Monard, University of California, Santa Cruz
Description: This minisymposium focuses on generalizations of the Radon and X-ray transforms
to non-Euclidean settings, as well as their non-linear counterparts such as rigidity
problems and non-abelian integral transforms. Introducing a variable and possibly
anisotropic sound speed or other such structure to a Euclidean setting immediately
gives the problem a differential geometric nature. This field has seen numerous recent advances due to novel ideas coming from microlocal analysis, harmonic analysis,
differential geometry and the study of transport equations on tangent bundles.
Talks 1. Microlocal inversion of restricted X-ray transforms of symmetric rank
details:
m tensor fields
Venkateswaran P. Krishnan, Tata Institute of Fundamental Research
Abstract. We consider the integral geometry problem of recovering rank m symmetric
tensor fields from its X-ray transform. We focus on X-ray transforms restricted to lines
passing through a fixed smooth curve. Under some conditions on the curve, the socalled Kirillov-Tuy condition, we give microlocal inversion results for the recovery of the
solenoidal component of the symmetric tensor field from its X-ray transform modulo a
known error term.

2. The geodesic X-ray transform for connections
Mikko Salo, University of Jyväskylä
Abstract. We discuss invertibility results for attenuated geodesic X-ray transforms with
attenuation given by a general, possibly matrix-valued, connection or Higgs field. The
results are formulated in a geometric setting on Riemannian manifolds. The main tools
include the Pestov identity with a connection and related Carleman estimates.

3. Inversion formulas and range characterizations for the attenuated
geodesic ray transform
Yernat Assylbekov, Northeastern University
Abstract. We present two range characterizations for the attenuated geodesic X-ray
transform defined on pairs of functions and one-forms on simple surfaces. Such characterizations are based on first isolating the range over sums of functions and one-forms, then
separating each sub-range in two ways, first by implicit conditions, second by deriving
new inversion formulas for sums of functions and one-forms. This is a joint work with
Francois Monard and Gunther Uhlmann.
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4. The geodesic X-ray transform with a 𝐺𝐿(𝑛, 𝐶) connection on simple
surfaces
Francois Monard, University of California, Santa Cruz
Abstract. We will discuss recent results regarding the injectivity and inversion of
geodesic X-ray transforms with connections, defined on certain Riemannian surfaces with
boundary. Such a problem arises for instance as the linearization of the inverse problem
of reconstructing a connection from knowledge of its parallel transport along geodesics
(in short, its "scattering data"). It also arises in medical imaging applications, in the
context of attenuated x-ray transforms where the attenuation term depends linearly on
the tangent vector.
While prior literature tackled the case of injectivity for unitary connections, the present
case tackles inversion for general, non-unitary ones. The starting point is the derivation
of Fredholm inversion formulas, obtained by studying certain transport equations on the
unit tangent bundle. The error operators involved are then explicit enough, that further
properties can be inferred on the injectivity of such equations (and as a result, of the
transform itself) for almost all connections, including a significant drop in regularity
requirements. Numerical examples will be presented at the end.
This is joint work with Gabriel Paternain (Cambridge).
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M48-2: Integral geometry on manifolds (Part II)
Scheduled: TBA
Organizers: Joonas Ilmavirta, University of Jyväskylä

Francois Monard, University of California, Santa Cruz
Description: This minisymposium focuses on generalizations of the Radon and X-ray transforms
to non-Euclidean settings, as well as their non-linear counterparts such as rigidity
problems and non-abelian integral transforms. Introducing a variable and possibly
anisotropic sound speed or other such structure to a Euclidean setting immediately
gives the problem a differential geometric nature. This field has seen numerous recent advances due to novel ideas coming from microlocal analysis, harmonic analysis,
differential geometry and the study of transport equations on tangent bundles.
Talks 1. The X-ray transform with matrix weights and applications
details:
Hanming Zhou, University of Cambridge
Abstract. In this talk, we consider the inverse problem motivated by medical imaging
of determining (vector valued) functions and 1-forms from their integrals with (matrix)
weights along geodesics on a manifold with strictly convex boundary. We show unique
determination, modulo some natural obstructions, for manifolds admitting strictly convex
functions in dimension three and higher and for generic ones in arbitrary dimension. Then
we apply our results to study some non-linear inverse problems arising naturally from
geophysics and mathematical physics. Part of the talk is based on a joint work with G.
P. Paternain, M. Salo and G. Uhlmann.

2. Pestov identities for generalized X-ray transforms
Joonas Ilmavirta, University of Jyväskylä
Abstract. Pestov identities have proven useful in the study of X-ray tomography on Riemannian manifolds. After discussing previous triumphs of the method, we will extend it
to new situations: broken ray tomography and X-ray tomography on pseudo-Riemannian
manifolds. We will also discuss the limits of this method. This is partly joint work with
Mikko Salo and Gabriel Paternain.

3. The geodesic ray transform on two-dimensional Cartan-Hadamard manifolds
Jere Lehtonen, University of Jyväskylä
Abstract. Helgason proved injectivity of the Radon transform for functions with noncompact support but with suitable decay properties. In this talk we present a generalization of that result for non-compact Riemannian manifolds.
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M49: Geomathematical inverse problems
Scheduled: TBA
Organizers: Maarten de Hoop, Rice University

Joonas Ilmavirta, University of Jyväskylä
Description: The mini-symposium focuses on inverse problems related to the planet Earth, from
both mathematical and applied points of view. Various kinds of mathematical inverse
problems arise when one tries to see below the surface, whether deeply or shallowly,
using surface measurements. Speakers include both mathematicians and geophysicists.
Talks 1. How to find the Riemannian structure from the local solution mapping
details:
of a wave equation?
Teemu Saksala, University of Helsinki
Abstract. In this talk we will consider an Inverse problem for a wave equation
{︃
(𝜕𝑡2 − Δ𝑔 )𝑢 = 𝑓 in 𝑁 × (0, ∞)
𝑢𝑡=0 = 𝜕𝑡 𝑢|𝑡=0 = 0, 𝑓 ∈ 𝐶0∞ (𝒳 × (0, ∞))
on a complete Riemannian manifold (𝑁, 𝑔) with out a boundary. We will show that the
local source-to-solution mapping
Λ : 𝐶0∞ (𝒳 × (0, ∞)) → 𝐶 ∞ (𝒳 × (0, ∞)), Λ𝑓 = 𝑢|𝒳 ×(0,∞)
determines the Riemannian manifold (𝑁, 𝑔) up to an isometry, if 𝒳 ⊂ 𝑁 is open and the
smooth structure of 𝒳 is also known.
∞
Let (𝜙𝑘 )∞
𝑘=1 , (𝜆𝑘 )𝑘=1 be the complete orthonormal set of eigenvectors and corresponding
eigenvalues of the Laplace-Beltrami operator Δ𝑔 . We will also show that the interior
spectral data
∞
(𝒳 , (𝜙𝑘 |𝒳 )∞
𝑘=1 , (𝜆𝑘 )𝑘=1 ),

determines a compact manifold (𝑁, 𝑔) up to isometry.
We will use control theoretical methods, originally formulated by Belishev and Kurylev
for manifolds with boundary, to prove these statements.
This talk is part of a joint work with: T. Helin, M. Lassas and L. Oksanen. The prepint
of the full manuscript can be found in arxiv.org with id arXiv:1609.08022.

2. Imaging crustal structure and earthquake rupture using sparsityconstrained inversion
Huajian Yao, University of Science and Technology of China
Abstract. Sparsity, as a priori information, has been widely used in inverse problems
of different kinds of fields. In this work, we focus on sparsity based inversion methods in
seismic imaging, considering 1) the model parameters in seismic tomography can usually
be represented in a certain domain in which they show sparsity feature, then we can
take advantages of this sparsity feature as a regularization term and stabilize the inverse
problem; 2) the subevents (sources of seismic radiation) in large earthquakes are sparse
in both spatial and temporal domains, which can also be used for better rupture imaging.
In our cases, we chose to conduct the inverse problems in wavelet domain for seismic
tomography in a multi-scale and boundary preserved way, and for large earthquake rupture
imaging in order to avoid the use of truncated time windows, which may cause artifacts.
Synthetic tests and real data applications will be shown to prove its fidelity.
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3. Assessment of focal depth error of earthquakes recorded in local seismic
network
Sidao Ni, Chinese Academy of Sciences
Abstract. Focal depth of earthquake is essential for computing reliable shake map and is
important for studies of seismo-genesis processes. However, error of focal depth is usually
larger as compared to horizontal locations. This is due to the fact that seismic stations
could be installed to achieve good azimuthal coverage, thus earthquakes could be well
sampled in horizontal slowness space. Instead, deep borehole seismic stations are rarely
available for sufficient coverage in vertical slowness space. For the case of sparse seismic
network, error of focal depth is usually large. Though arrival time residual could provide
some constraint on accuracy of focal depth, the actual error of depth is not well understood
yet. In this paper, we present a scheme for assessing error of focal depth via probabilistic
approach. It is found that depth phases may suppress depth error substantially.

4. Computational methods for the inverse boundary value problem for the
acoustic wave equation
Lauri Oksanen, University College London
Abstract. The inverse boundary value problem for the acoustic wave equation is one
of the simplest coefficient determination problems where the data is generated by a hyperbolic partial differential equation. This problem is known to have a unique solution,
however, there are not many attempts to develop computational methods that are guaranteed to converge to the unique solution when no initial guess for the speed of sound is
available. The techniques that do not depend on a good initial guess lead to unstable computations. We study these instabilities and their regularization, and give computational
examples.
The talk is based on a joint work with M. de Hoop and P. Kepley.
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M50-1: Inverse scattering and related problems (Part I)
Scheduled: TBA
Organizers: Michael V. Klibanov, University of North Carolina at Charlotte
Description: An Inverse Scattering Problem (ISP) is the problem about the reconstruction of a
scatterer from measurements of the scattered wave field outside that scatterer. The
subfield of ISPs is a very broad one. Indeed, ISPs have inputs from almost any subfield of the field of Inverse Problems. For example, such classical Inverse Scattering
Problems as the determination of coefficients of wave-like PDEs and problems of shape
reconstruction of obstacles often rely on some ill-posed Cauchy problems for PDEs.
Also, problems of cloaking are well connected with ISPs. This minisimposium will
bring together eight experts in the field of Inverse Problems. Their talks cover a broad
range of those Inverse Problems, which are either ISPs or closely linked with ISPs.
Both analytical and numerical issues will be actively discussed.
Talks 1. Bio-inspired imaging
details:
Habib Ammari, ETH Zürich
Abstract. The aim of this talk is to exhibit physical mechanisms underlying shape
perception for weakly electric fish and bats. Electric fish orient themselves at night in
complete darkness by using their active electro-sensing system. They generate a stable, relatively high-frequency, weak electric field and perceive the transdermal potential
modulations caused by nearby targets with different electromagnetic properties than the
surrounding water. Echo-sensing is a form of acoustics that uses active sonar to locate and
identify targets. Bats use this method to avoid collisions, to select, identify, and attack
prey, and to navigate by emitting sounds and then analyzing the reflected waves. In this
talk, we will provide mathematical and computational frameworks to explain how weakly
electric fish and bats might identify and classify multiple targets and recognize both living organisms and nonbiological objects. It is quite intriguing how they can exploit the
frequency dependence of the electromagnetic and acoustic properties of living organisms.

2. Regularized full and partial cloak for thin and plat objects in scattering
problems
Youjun Deng, Central South University
Abstract. We consider two regularized transformation-optics cloaking schemes for scattering problems. Both schemes are based on the blowup construction with the generating
sets being, respectively, a generic curve and a planar subset. We derive sharp asymptotic estimates in assessing the cloaking performances of the two constructions in terms
of the regularization parameters and the geometries of the cloaking devices. The first
construction yields an approximate full-cloak, whereas the second construction yields an
approximate partial-cloak. Moreover, by incorporating properly chosen.
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3. Uniqueness in inverse acoustic medium scattering problems
Guanghui Hu, Beijing Computational Science Research Center
Abstract. We consider the time-harmonic acoustic scattering from a bounded penetrable obstacle imbedded in an isotropic homogeneous medium. The obstacle is supposed
to possess a circular conic point or an edge point on the boundary in three dimensions
and a planar corner point in two dimensions. We prove that such an obstacle scatters
any incoming wave non-trivially (i.e., the far field patterns cannot vanish identically),
leading to the absence of real non-scattering wavenumbers. Local and global uniqueness
results for the inverse problem of recovering the shape of a penetrable scatterers are also
obtained using a single incoming wave. Our approach relies on the singularity analysis of
the inhomogeneous Laplace equation in a cone.

4. Adaptive finite element methods for inverse problems
Jun Zou, Chinese University of Hong Kong
Abstract. We shall discuss several adaptive finite element methods for solving various
linear and nonlinear inverse problems and demonstrate their effectiveness and accuracies
both analytically and numerically.This project was substantially supported by Hong Kong
RGC General Research Fund (projects 14322516 and 14306814) and was a joint work with
Bangti Jin (UCL, UK), Jingzhi Li (SUSTC, China) and Yifeng Xu (SNU, China).
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M50-2: Inverse scattering and related problems (Part II)
Scheduled: TBA
Organizers: Michael V. Klibanov, University of North Carolina at Charlotte
Description: An Inverse Scattering Problem (ISP) is the problem about the reconstruction of a
scatterer from measurements of the scattered wave field outside that scatterer. The
subfield of ISPs is a very broad one. Indeed, ISPs have inputs from almost any subfield of the field of Inverse Problems. For example, such classical Inverse Scattering
Problems as the determination of coefficients of wave-like PDEs and problems of shape
reconstruction of obstacles often rely on some ill-posed Cauchy problems for PDEs.
Also, problems of cloaking are well connected with ISPs. This minisimposium will
bring together eight experts in the field of Inverse Problems. Their talks cover a broad
range of those Inverse Problems, which are either ISPs or closely linked with ISPs.
Both analytical and numerical issues will be actively discussed.
Talks 1. Recovering a polyhedral obstacle by a few backscattering measurements
details:
Jingzhi Li, Southern University of Science and Technology
Abstract. In this talk, we present an inverse scattering scheme of recovering a polyhedral obstacle in 2D and 3D, by only a few high-frequency acoustic backscattering measurements. The obstacle could be sound-soft or sound-hard. It is shown that the modulus
of the far-field pattern in the backscattering aperture possesses a certain local maximum behavior, from which one can determine the exterior normal directions of the front
sides/faces. Then by using the phaseless backscattering data corresponding to a few incident plane waves with suitably chosen incident directions, one can determine the exterior
unit normal vector of each side/face of the obstacle. After the determination of the exterior unit normals, the recovery is reduced to a finite-dimensional problem of determining
a location point of the obstacle and the distance of each side/face away from the location
point. For the latter reconstruction, we need to make use of the far-field data with phases.
Numerical experiments are also presented to illustrate the effectiveness of the proposed
scheme.

2. On nearly non-scattering waves and their applications
Hongyu Liu, Hong Kong Baptist University
Abstract. In this talk, I shall discuss our recent study on systematically construct
nearly non-scattering waves in acoustic, electromagnetic as well as elastic scattering. The
construction relies on the spectral analysis of the interior problem and its connection to the
associated exterior scattering problem. We shall also discuss some interesting applications.

3. Inverse scattering problems for the perturbed bi-harmonic operator
Valery Serov, University of Oulu
Abstract. Some inverse scattering problems for operator of the order 4 that is the
perturbation of the bi-harmonic operator in one and three dimensions are considered.
The coefficients of this perturbation are assumed to be from some Sobolev spaces. The
classical (as for the Schrödinger operator) scattering theory is developed for this operator
of order 4. The classical inverse scattering problems are considered and their uniqueness
is proved. The method of inverse scattering Born approximation and an analog of Saito’s
formula are justified for this operator of the order 4. Using this approximate method the
reconstruction of the singularities of the unknown coefficients is proved in the scale of
Sobolev spaces.
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4. Strictly convex cost functionals for inverse problems via Carleman
Weight Functions
Michael V. Klibanov, University of North Carolina at Charlotte
Abstract. The high nonlinearity and ill-posedness of both Inverse Scattering Problems
and ill-posed Cauchy problems for nonlinear PDEs lead to the presence of multiple local
minima and ravines in conventional least squares cost functionals. Thus, new approaches
to the numerical treatments of these problems are required. We will present a general
concept of a new numerical method. The idea is to introduce Carleman Weight Functions
(CWFs) in Tikhonov-like functionals. As a result, for any reasonable bounded set in a
Hilbert space, one can choose the parameter of the CWF in such a way that the corresponding weighted Tikhonov functional becomes strictly convex on this set. The smallness
of that set is not assumed. The existence and uniqueness of the minimizer on that set as
well as convergence of minimizers to the correct solution are proved. Numerical results
will also be presented.

5. Use of inverse scattering techniques for the vocal tract problem
Paul Sacks, Iowa State University
Abstract. The human vocal tract is commonly modeled as a cylindrical tube with crosssectional area varying along the axis of the tube, dependent on the sound being made.
Various studies have investigated the relationship between the vocal tract shape and the
sound produced. In the talk I will focus on how techniques from classical 1-D Schrodinger
inverse scattering can be employed, and in particular the significance of bound states, if
there are any, of an underlying Schrodinger operator. This is joint work with T. Aktosun
and A. Machuca.

219

Minisymposia and contributed talks

M51-1: Inverse problems in scattering and imaging (Part I)
Scheduled: TBA
Organizers: Peijun Li, Purdue University

Kui Ren, University of Texas at Austin
Jun Zou, Chinese University of Hong Kong
Description: The minisymposium aims to recent mathematical and computational studies of inverse
problems in Scattering and Imaging. It seeks to bring together leading experts in
the field to present recent developments, promote exchange of ideas, and discuss new
directions.
Talks 1. On the photoacoustic effect generated by the heating of metallic
details:
nanoparticles
Faouzi Triki, Université Grenoble-Alpes
Abstract. This talk is related to the modelization of the photoacoustic effect generated
by the electromagnetic heating of metallic nanoparticles embedded in a biological tissue.
We first derive asymptotic models for the plasmonic resonances and the electromagnetic
fields. We then describe the acoustic generation created by the electromagnetic heating
of the nanoparticle. Precisely, we derive the model equations that describes the coupling
between the temperature rise in the medium and the acoustic wave generation. We obtain
a direct relation between the acoustic waves and the electromagnetic external sources.
Finally, we solve the multiwave inverse problem that consists in the recovery of the electric
permittivity of the biological tissue from the measurements of the generated acoustic waves
on the boundary of the sample.

2. Recovery of seismic wavefields by an Lq-norm constrained regularization
method
Yanfei Wang, Chinese Academy of Sciences
Abstract. Reconstruction of the seismic wavefield from sub-sampled data is an important problem in seismic image processing, this is partly due to limitations of the
observations which usually yield incomplete data. In essence, this is an ill-posed inverse
problem. To solve the ill-posed problem, different kinds of regularization technique can be
applied. We consider a novel regularization model, called the L2-Lq minimization model,
to recover the original geophysical data from the sub-sampled data. Based on the lower
bound of the local minimizers of the L2-Lq minimization model, a fast convergent iterative
algorithm is developed to solve the minimization problem. Numerical results on random
signals, synthetic and field seismic data demonstrate that the proposed approach is very
robust in solving the ill-posed restoration problem and can greatly improve the quality of
wavefield recovery.

3. Uniqueness in determing the inclusion of a penetrable elastic body
Guanghui Hu, Beijing Computational Science Research Center
Abstract. Consider an elastic plane wave incident onto a convex bounded penetrable
elastic body imbedded in an isotropic homogeneous medium. We prove that a single farfield pattern is sufficient to uniquely determine the elastic inclusion if the interface is of
polygonal-type.

220

Minisymposia and contributed talks

Talks 4. Fully divergence-free FEM for 3D MHD equations
details:
Weiying Zheng, Chinese Academy of Sciences
Abstract. Magnetohydrodynamic (MHD) equations describe the dynamic behavior of
electrically conducting fluidand the coupling between the fluid and the magnetic field.Ithas
broad applications in fluid dynamics and plasma physics. But numerical computations for
3D MHD equations are very challenging, particularly for large Hartmann number. For incompressible fluid, both the velocity of the fluid and the magnetic field are divergence-free.
It is desirable in practical applications that the numerical solutions are also divergencefree exactly. In this talk, I will present a fully divergence-free finite element method for
3D MHD equations so that both the velocity and the magnetic flux density are exactly
divergence-free. An efficient preconditioner is proposed to solve the discrete problems.
We validate the model and demonstrate the method by extensive numerical experiments.
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M51-2: Inverse problems in scattering and imaging (Part II)
Scheduled: TBA
Organizers: Peijun Li, Purdue University

Kui Ren, University of Texas at Austin
Jun Zou, Chinese University of Hong Kong
Description: The minisymposium aims to recent mathematical and computational studies of inverse
problems in Scattering and Imaging. It seeks to bring together leading experts in
the field to present recent developments, promote exchange of ideas, and discuss new
directions.
Talks 1. Spectral structure of elastic Neumann-Poincare operators and cloaking
details:
by anomalous localized resonance
Hyeonbae Kang, Inha University
Abstract. It is well known that the elastic Neumann-Poincare operator is not compact
even on smooth boundaries. We will show that the elastic Neumann-Poincare operator on
smooth boundaries is polynomially compact. As a consequence we show that its spectrum
consists of eigenvalues accumulating to certain numbers. We then discuss on the elasticity
version of cloaking by anomalous localized resonance on ellipses and coated structures.
This talk is based on joint works with K. Ando, Y. Ji, K. Kim, Y. Miyanishi, and S. Yu.

2. Recovering penetrable grating profiles by intensity-only near-field data
Bo Zhang, Chinese Academy of Sciences
Abstract. In this talk, we consider the inverse problem of recovering a penetrable
grating profile from the intensity-only near-field data measured only above the profile. The
inverse problem is reformulated as an optimization problem in the sense of least squares.
A quasi-Newton method was then developed to solve this optimization problem. In order
to get an accurate and stable reconstruction multiple frequencies are used. The shape of
the grating profile can be reconstructed if only plane waves are used as incident fields.
However, both the shape and the location of the profile can be recovered if evanescent
waves are used as incident fields. Numerical examples are presented to demonstrate the
effectiveness of the reconstruction algorithm. This talk is based on a joint work with
Ruming Zhang.

3. Scattering by a periodic array of narrow slits: field enhancement and
anomalous diffraction
Junshan Lin, Auburn University
Abstract. In this talk, I will present mathematical studies of field enhancement by the
scattering of a periodic array of perfect conducting narrow slits. The scattering problem
in three different configurations will be investigated, where the geometry in different
configurations varies depending on the scaling between the size of slits, the size of period,
and the wavelength of the incident wave. Based upon the layer potential technique,
asymptotic analysis and the homogenization theory, the enhancement mechanisms in these
three regimes are studied quantitatively.
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4. Through-wall detection of human being by UWB radar
Jiguang Sun, Michigan Technological University
Abstract. Ultrawideband (UWB) radar technology has emerged as one of the preferred
choices for through-wall detection due to its high range resolution and good penetration.
The resolution is a result of high bandwidth of UWB radar and helpful for better separation of multiple targets in complex environment. Detection of human targets through
a wall is interesting in many applications. One significant characteristic of human is the
periodic motion, such as breathing and limb movement. We apply the UWB radar system
in through-wall human detection and present the methods based on fast Fourier transform
to detect and identify the human’s life characteristic. In particular, we can extract the
center frequencies of life signals and locate the position of human targets from experimental data with high accuracy. Compared with other research studies in through-wall
detection, we concentrate on the processing and identifying of the life signal under strong
clutter. It has a high signal-to-noise ratio and simpler to implement in complex environment detection. The method can be used to search and locate the survivor trapped under
the building debris during earthquake, explosion, or fire.
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M51-3: Inverse problems in scattering and imaging (Part III)
Scheduled: TBA
Organizers: Peijun Li, Purdue University

Kui Ren, University of Texas at Austin
Jun Zou, Chinese University of Hong Kong
Description: The minisymposium aims to recent mathematical and computational studies of inverse
problems in Scattering and Imaging. It seeks to bring together leading experts in
the field to present recent developments, promote exchange of ideas, and discuss new
directions.
Talks 1. A direct imaging method for inverse scattering problems with phaseless
details:
data
Zhiming Chen, Chinese Academy of Sciences
Abstract. The reverse time migration (RTM) or the closely related prestack depth
migration methods are nowadays widely used in exploration geophysics. It is originated
in the simple setting of the exploding reflector model. For imaging the complex medium
in practical applications, the analysis of the migration method is usually based on the
high frequency assumption, so that the geometric optics approximation can be used. We
report our recent efforts in establishing new mathematical understanding of the RTM
method without geometric optics assumption for inverse scattering problems. Our resolution analysis, which applies in both penetrable and non-penetrable obstacles with sound
soft or impedance boundary condition on the boundary of the obstacle, implies that the
RTM imaging functional always peaks on the boundary of the scatterers. This new mathematical understanding leads to several new direct imaging algorithms including: imaging
for electromagnetic objects, imaging in half-space acoustics, imaging in closed waveguide,
and imaging for scattering data without phase information. In this talk we will report
the ideas of the RTM method and our recent result for imaging extended scatterers using
phaseless scattering data. This talk is based on joint works with Guanghui Huang.
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2. Characterization of the medium equivalent to a cluster of small inhomogeneities in the acoustic diffraction and applications
Mourad Sini, Johann Radon Institute for Computational and Applied Mathematics
Abstract. We consider the scattering by a cluster of small inhomogeneities modelled
by their number 𝑀 , their maximum (but small) radius 𝑎, the minimum distance between
them 𝑑 and the eventual jumps of the coefficients across their interfaces. In particular, we
are interested in the regimes where 𝑀 = 𝑎−𝑠 , 𝑠 > 0, 𝑑 := 𝑎𝑡 , 𝑡 > 0 and eventually the ratio
between the inner and outer values of the coefficients behave as 𝑎𝛽 , 𝛽 > 0, as 𝑎 << 1.
These regimes appear naturally in the acoustic scattering in a cluster of gas bubbles as
well as in the design of engineering materials using electromagnetic nanoparticles.
Our target is to characterize the behaviour of this collection of inhomogeneities as the
maximum radius 𝑎 goes to zero. We show that there is a threshold 𝑠* which depends on
𝑡 and 𝛽 such that, as 𝑎 tends to zero,
1. if 𝑠 < 𝑠* , then the cluster has no effect on the incident waves.
2. if 𝑠 = 𝑠* , then the cluster behaves as an index of refraction 𝑛 which is characterized by
the denseness of the cluster, the geometrical properties of the small inhomogeneities and
the contrasts of the corresponding coefficients. With this characterization, one can design
desired indices of refraction by using appropriately these parThrough-Wall Detection of
Human Being by UWB Radarameters.
3. if 𝑠 > 𝑠* , then the cluster behaves as a fully reflecting extended obstacle, i.e. no
incident wave is penetrating (wall effect).
These results are provided with explicit error estimates in terms of 𝑎 (and the parameters 𝑠, 𝑡 and 𝛽). No periodicity is needed in distributing the inhomogeneities and no
homogenization is used in the analysis.

3. Distorted-Born iterative method with subspace concept for solving ISP
Xudong Chen, National University of Singapore
Abstract. The electromagnetic inverse scattering problem (ISP) is solved by means of
the distorted-Born iterative method (DBIM) in this paper. A new method, referred to
as the subspace distorted-Born iterative method is proposed in the paper. This method
updates the Green’s function for the inhomogeneous background at each step of iteration
procedure, as done in DBIM. By determining the deterministic subspace of the induced
contrast current, the proposed method estimates the total electric field more accurately
than the traditional DBIM does, which leads to a faster convergence speed. Numerical
simulations show that the proposed new method outperforms the traditional DBIM.
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4. A time domain sampling method for inverse acoustic scattering problems
Jingzhi Li, Southern University of Science and Technology
Abstract.
This talk concerns the inverse scattering problems of imaging unknown/inaccessible scatterers by transient acoustic near-field measurements. Based on
the analysis of the migration method, we propose efficient and effective sampling schemes
for imaging small and extended scatterers from knowledge of time-dependent scattered
data due to incident impulsive point sources. Though the inverse scattering problems are
known to be nonlinear and ill-posed, the proposed imaging algorithms are totally "direct"
involving only integral calculations on the measurement surface. Theoretical justifications
are presented and numerical experiments are conducted to demonstrate the effectiveness
and robustness of our methods. In particular, the proposed static imaging functionals
enhance the performance of the total focusing method (TFM) and the dynamic imaging
functionals show analogous behavior to the time reversal inversion but without solving
time-dependent wave equations..
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M51-4: Inverse problems in scattering and imaging (Part IV)
Scheduled: TBA
Organizers: Peijun Li, Purdue University

Kui Ren, University of Texas at Austin
Jun Zou, Chinese University of Hong Kong
Description: The minisymposium aims to recent mathematical and computational studies of inverse
problems in Scattering and Imaging. It seeks to bring together leading experts in
the field to present recent developments, promote exchange of ideas, and discuss new
directions.
Talks 1. Babich-like ansatz for three-dimensional point-source Maxwell’s equadetails:
tions in an inhomogeneous medium at high frequencies
Jianliang Qian, Michigan State University
Abstract. We propose a novel Babich-like ansatz consisting of an infinite series of dyadic
coefficients and spherical Hankel functions for solving point-source Maxwell’s equations in
an inhomogeneous medium so as to produce the so-called dyadic Green’s function. Using
properties of spherical Hankel functions, we derive governing equations for the unknown
asymptotics of the ansatz including the traveltime function and dyadic coefficients. By
proposing matching conditions at the point source, we rigorously derive asymptotic behaviors of these geometrical-optics ingredients near the source so that their initial data at
the source point are well-defined. Numerical examples demonstrate that our new ansatz
yields a uniform asymptotic solution in the region of space containing a point source but
no other caustics. This is a joint work with Wangtao Lu and Robert Burridge.

2. Galerkin method for scattering problem of a slit
Fuming Ma, Jilin University
Abstract. In this talk, we gave a Galerkin method for scattering problem of a slit. The
idea of method is to reform scattering problem of slit to an operator equation and to use
Galerkin method solving it. We gave a result about the convergence of our method and
some numerical examples.

3. Increasing stability for inverse acoustic source problems
Shuai Lu, Fudan University
Abstract. In this talk, we investigate an interior Helmholtz inverse source problem
with multiple frequencies. By implementing sharp uniqueness of the continuation results
and exact observability bounds for the wave equation, an increasing stability estimate
is explicitly obtained for Cauchy measurements in a non-empty wave-number interval.
In particular, we investigate the attentuated Helmholtz equation and shed light on the
influence of the attentuated constant towards the increasing stability. Numerical examples
consist with the theoretical predictions.
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4. Uniqueness in inverse scattering scattering by bounded obstacles from
phaseless far-field data
Haiwen Zhang, Chinese Academy of Sciences
Abstract. It is well known that the modulus of the far-field pattern (or phaseless farfield pattern) is invariant under translations of the scattering obstacle if only one plane
wave is used as the incident field, so the location of the obstacle cannot be recovered from
the phaseless far-field data. In this paper, it is proved that the translation invariance
property of the phaseless far-field pattern can be broken if superpositions of two plane
waves are used as the incident fields for all incident & observation directions with fixed
frequency. Further, we prove that, if the boundary condition of the obstacle is known
in advance, both the location and the shape of the obstacle can be uniquely determined.
Finally, a numerical algorithm is also developed to reconstruct both the location and the
shape of the obstacle from phaseless far-field data.
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M51-5: Inverse problems in scattering and imaging (Part V)
Scheduled: TBA
Organizers: Peijun Li, Purdue University

Kui Ren, University of Texas at Austin
Jun Zou, Chinese University of Hong Kong
Description: The minisymposium aims to recent mathematical and computational studies of inverse
problems in Scattering and Imaging. It seeks to bring together leading experts in
the field to present recent developments, promote exchange of ideas, and discuss new
directions.
Talks 1. On the transmission eigenvalue problems for electromagnetic wave scatdetails:
tering
Jijun Liu, Southeast University
Abstract. T It has been recognized for a long time that the transmission eigenvalue
problems take a crucial rule in inverse scattering problems, in the sense that the real
transmission eigenvalues correspond to the frequencies of incident waves for which the
scattering fields are very weak, or some singularity-based reconstruction schemes become
invalid. The mathematical difficulties come from the fact that the corresponding operator
is neither elliptic nor self-adjoint. In this talk, we will discuss the transmission eigenvalue
distribution properties for the electromagnetic waves by some inhomogeneous media with
mixed boundary conditions.

2. Some results for scattering and inverse scattering by infinite impedance
rough surfaces
Lei Zhang, Heilongjiang University
Abstract. In this talk, we consider the scattering and inverse scattering problem of
the infinite impedance rough surfaces with tapered wave incidence. A boundary integral
equation formulation is derived by using a half-plane impedance Green’s function. We
show that the proposed integral equation is uniquely solvable in the space of bounded
and continuous functions. We obtain that the impedance boundary value problem for the
scattered field has unique solution under certain constraints on the boundary impedance.
Moreover, we will show some new theoretical and computational results for the inverse
problems.

3. Recovering an electromagnetic obstacle by a few phaseless backscattering measurements
Yuliang Wang, Hong Kong Baptist University
Abstract. We consider the electromagnetic scattering from a convex polyhedral PEC or
PMC obstacle due to a time-harmonic incident plane wave. It is shown that the modulus
of the far-field pattern in the backscattering aperture possesses a certain local maximum
behavior. Using the local maximum indicating phenomena, one can determine the exterior
unit normal directions, as well as the face areas, of the front faces of the obstacle. Then
we propose a recovery scheme of reconstructing the obstacle by phaseless backscattering
measurements. This work significantly extends our recent study from 2D and acoustic
scattering to the more challenging 3D and electromagnetic scattering.
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4. Location acquisition of acoustic sources using the direct sampling
method
Yukun Guo, Harbin Insitute of Technology
Abstract. This talk is concerned with the inverse source problem of recovering the
multipolar sources from boundary measurements for the Helmholtz equation. Some novel
sampling methods are developed for imaging the locations of the sources with only a
single wavenumber. The sampling schemes are totally “direct” in the sense that only
simple integral calculations are involved in formulating the indicator functionals. To
justify the schemes mathematically, the indicating behaviors will be rigorously analyzed.
Numerical experiments will be presented to demonstrate the effectiveness and robustness
of our algorithms..
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M51-6: Inverse problems in scattering and imaging (Part VI)
Scheduled: TBA
Organizers: Peijun Li, Purdue University

Kui Ren, University of Texas at Austin
Jun Zou, Chinese University of Hong Kong
Description: The minisymposium aims to recent mathematical and computational studies of inverse
problems in Scattering and Imaging. It seeks to bring together leading experts in
the field to present recent developments, promote exchange of ideas, and discuss new
directions.
Talks 1. A unified framework for direct sampling methods for general inverse
details:
problems
Jun Zou, Chinese University of Hong Kong
Abstract. Direct sampling methods have been proved robust, effective and computationally less expensive for solving inverse scattering problems, especially when the observation data is limited. These methods have been developed first for wave type inverse
problems, then for other nonlinear ill-posed inverse problems in recent years, including
the reconstruction of stationary and unstationary inclusions. In this talk we shall discuss
a general framework that unifies most existing effective and robust direct sampling methods for both wave-type and non-wave type nonlinear inverse problems, such as inverse
acoustic and EM scattering problems, EIT and DOT problems, etc. The talk will address the motivations, derivations and justifications of direct sampling methods for some
representative inverse problems. Numerical simulations are presented to demonstrate the
effectiveness and robustness of these methods for various inverse problems.

2. A numerical approximation of the two-dimensional elastic wave scattering problem via integral equation method
Zewen Wang, East China Institute of Technology
Abstract. In this talk, a numerical method is proposed to approximate the solution
of a two-dimensional scattering problem of time-harmonic elastic wave from a rigid obstacle. By Helmholtz decomposition, the scattering problem is reduced to a system of
Helmholtz equations with coupled boundary conditions. Then, we prove that the system
of Helmholtz equations has only one solution under certain conditions, and propose an integral equation method to solve it numerically based on Tikhonov regularization method.
Finally, numerical examples are presented to show the feasibility and effectiveness of the
proposed method.
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3. Recovery of an embedded obstacle and its surrounding medium by
formally-determined scattering data
Xiaodong Liu, Chinese Academy of Sciences
Abstract. We consider an inverse acoustic scattering problem in simultaneously recovering an embedded obstacle and its surrounding inhomogeneous medium by formally
determined far-field data. It is shown that the knowledge of the scattering amplitude with
a fixed incident direction and all observation angles along with frequencies from an open
interval can be used to uniquely identify the embedded obstacle, sound-soft or sound-hard
disregarding the surrounding medium. Furthermore, if the surrounding inhomogeneous
medium is from an admissible class (still general), then the medium can be recovered as
well. Our argument is based on deriving certain integral identities involving the unknowns
and then inverting them by certain harmonic analysis techniques. These unique identifiability results are new to the literature. This is a joint work with Prof. Hongyu Liu from
Hong Kong Baptist University.

4. Inverse problems for some stochastic partial differential equations
Ganghua Yuan, Northeast Normal University
Abstract. In this talk, I would like to present some results on inverse problems for some
stochastic PDEs, such as stochastic parabolic equation, stochastic Euler-Bernoulli beam
equation and stochastic Helmholtz equation.
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M52: Recent advances in modeling and analysis related to inverse problems
Scheduled: TBA
Organizers: Faouzi Triki, Université Grenoble-Alpes
Description: The minisymposium seeks to bring together researchers in various fields to present recent developments in modeling and analysis related to inverse problems. The talks will
cover identification of physical parameters, small non smooth inclusions, faults, and reconstruction of sources. The issues of the uniqueness and stability of the reconstruction
as well as estimation of errors in asymptotic models will be presented.
Talks 1. Analytic computation of the Generalized Polarization Tensors for planar
details:
domains with corners
Mikyoung Lim, Korea Advanced Institute of Science and Technology
Abstract. When an inclusion is imbedded in a homogeneous background domain, the
incoming background potential becomes perturbed due to the presence of the inclusion.
The perturbed solution admits the multipolar expansion away from the inclusion, and
the coefficients of the multipolar expansion, which are so-called the Generalized Polarization Tensors (GPTs), have been used as building blocks in various imaging problems of
anomalies detection. In this talk we present an analytic method of computing the GPTs
for insulating planar domains with corners and analyse the effect of corners.

2. Reconstruction of faults in elastic half space from surface measurements
Darko Volkov, Worcester Polytechnic Institute
Abstract. We study a half space linear elasticity model for surface displacements caused
by slip along underground faults. We prove uniqueness of the fault location and (piecewise
planar) geometry and of the slip field for a given surface displacement field. We then
introduce a reconstruction algorithm for the realistic case where only a finite number
of surface measurements are available. After showing how this algorithm performs on
simulated data and assessing the effect of noise, we apply it to measured data. The
data was recorded during slow slip events in Guerrero, Mexico. Since this is a well
studied subduction zone, it is possible to compare our inferred fault geometry to other
reconstructions (obtained using different techniques), found in the literature.

3. Imaging polarizable dipoles
Fernando Guevara Vasquez, Utah University
Abstract. We present an electromagnetic analogue to Kirchhoff migration. The first
problem we consider is to image the polarization vector of small electric sources in a homogeneous medium from measurements of the electric field at the array. With a resolution
study in the Fraunhofer asymptotic regime we show that small sources can be localized
with the same accuracy as in acoustics. We also give error estimates for the polarization
vector reconstruction. We show similar results in the active case, where the goal is to
locate small scatterers and image their polarization tensor by probing the medium using
an array of collocated sources and receivers. Joint work with Maxence Cassier, University
of Utah.

4. Some recent results on some inverse source problems: Identification and
stability
Abdellatif El Badia, Universitéde Technologie de Compiègne
Abstract. This talk deals with some inverse source problems and their applications.
We focus particularly on the identification and stability issues.
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CT-1: Contributed talk, Session 1
Scheduled: TBA
Organizers: Rabia Djellouli, California State University Northridge
Talks 1. Full determination of the characteristics of elastic scatteres from some
details:
FFP measuremnt: A mathematical investigation and a multi-step solu-

tion methodology
Rabia Djellouli, California State University Northridge
Abstract. The main goal of this work is the developmentof an efficient computational
procedure for determining the shape of the surface along withits characteristics of an
elastic obstacle fromthe knowledge of some elasto-acoustic far-fieldpatterns (FFP). To the
best of our knowledge,this is the first time where the problem of simultaneously determining the shape and thematerial properties is considered. This classof inverse problems is
very important to manyapplications, including earthquake engineering,geophysical exploration, medical imaging, non-destructive testing, underwater acoustics, andelectromagnetics. Due to the different natureand scales of the shape and material parameters, we
propose a multi-stage solution methodology based on a regularized Newton-type method.
Numerical results will be presented to illustrate the salient features of this computational
methodology and highlight its performance characteristics. We also suggest practicalguidelines to achieve both convergence and accuracy up to the noise level in the measurements.
Furthermore, the solution of the considered inverse problem by the proposed iterative
method incurs, at each iteration, the solution of a linear system whose entries are the
Fréchet derivatives of the elasto-acoustic field with respect to the shape parameters. We
prove that these derivatives are solutions of the same direct elasto-acoustic scattering
problem that differs only in the transmission conditions on the surface of the scatterer.
Last, the computational efficiency of the IOP solver depends mainly on the computational
efficiency of the solution of the forward problems that arise at each Newton iteration. We
propose to solve the direct scattering-type problems using a finite-element method based
on discontinuous Galerkin approximations equipped with curved element boundaries.

2. Spectral rigidity of the round Earth
Joonas Ilmavirta, University of Jyväskylä
Abstract. Reconstructing the interior structure of the Earth from only the spectrum of
its free oscillations is impossible for several reasons. This kind of "spectral uniqueness" is
beyond reach, but a weaker result known as "spectral rigidity" is not. We discuss what
it means if a model of the Earth is spectrally rigid and we give the first spectral rigidity
result for a simple radial model. This is joint work with Maarten de Hoop.
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3. The Bloch transform and scattering from perturbed periodic structures
Ruming Zhang, University of Bremen
Abstract. Direct and inverse scattering problems for periodic structures have been
studied a lot in the past few years. A main idea for numerical solution methods is to
reduce such problems to one periodicity cell. Different from periodic settings, scattering
from locally perturbed periodic surfaces is more challenging. In this talk, we introduce
and analyze a new numerical method to simulate the scattering from locally perturbed
periodic structures based on the Bloch transform. This transform is applied only in
periodic domains: We firstly rewrite the scattering problem artificially as an equivalent
periodic one. With the help of the Bloch transform, we secondly transform the problem
into a coupled family of periodic problems posed on the periodicity cell. A numerical
scheme then approximates the family of periodic solutions - we rely on the finite element
method and also yields the solution to the original scattering problem.

3. Determination of time-dependent coefficients for a hyperbolic inverse
problem from partial data
Manmohan Vashisth, TIFR Centre for Applicable Mathematics
Abstract. In this talk, we will consider the inverse problems of determining the timedependent vector and scalar potentials 𝒜 = (𝐴0 , 𝐴1 , ...., 𝐴𝑛 ) and 𝑞(𝑡, 𝑥) respectively, appearing in the wave equation
𝑛
[︁
]︁
∑︁
𝐿𝒜,𝑞 𝑢(𝑡, 𝑥) := (𝜕𝑡 + 𝐴0 (𝑡, 𝑥))2 −
(𝜕𝑗 + 𝐴𝑗 (𝑡, 𝑥))2 + 𝑞(𝑡, 𝑥) 𝑢(𝑡, 𝑥) = 0,

𝑖𝑛 𝑄

𝑗=1

where 𝑄 = (0, 𝑇 ) × Ω, with 𝑇 > 0 and Ω is a 𝐶 2 bounded domain in R𝑛 , from patial
obeservation of the solutios 𝑢, on Σ := (0, 𝑇 ) × 𝜕Ω. We will prove the uniqueness of these
potentials modulo a gauge invariance.
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CT-2: Contributed talk, Session 2
Scheduled: TBA
Organizers: Valter Pohjola, University of Jyväskylä
Talks 1. Borg-Levinson theorems for unbounded potentials
details:
Valter Pohjola, University of Jyväskylä
Abstract. The Borg-Levinson problem consists of showing that Dirichlet eigenvalues
and Neumann boundary data of the corresponding eigenfunctions of the operator −Δ + 𝑞,
determine the potential 𝑞. We will discuss this result in the case where 𝑞 ∈ 𝐿𝑛/2 (Ω, R)
and 𝑛 ≥ 3. We also discuss the case of incomplete spectral data, in the sense that the
above spectral data is unknown for some finite number of eigenvalues. In this case we will
consider potentials 𝑞, 𝑞 ∈ 𝐿𝑝 (Ω, R) with 𝑝 = 𝑛/2, for 𝑛 ≥ 4 and 𝑝 > 𝑛/2, for 𝑛 = 3.

2. Edge detection in electrical impedance tomography
Matteo Santacesaria, Politecnico di Milano
Abstract. In this talk we will present a new imaging method able to reconstruct discontinuities (e.g. edges of inclusions) of an electrical conductivity from boundary voltage and
current measurements. The method combines the high contrast sensitivity of Electrical
Impedance Tomography with improved spatial resolution obtained through introduction
of a nonphysical (virtual) variable. This talk presents the theoretical background of the
method as well as numerical reconstructions. This is a joint work with A. Greenleaf, M.
Lassas, S. Siltanen and G. Uhlmann.

3. Bounds on the stably recoverable information for the Helmholtz equation in R2
Mirza Karamehmedović, Technical University of Denmark
Abstract. Linearisation casts inverse boundary problems in terms of inverse source
problems (ISP). For the ISP with the two-dimensional Helmholtz equation, the singular
value decomposition of the forward operator reveals a sharp cutoff in the stably recoverable
information. We prove and numerically validate lower and upper bounds on this cutoff.
Our result explicitly links the amount of stably recoverable information with the size
parameter of the problem and with the zeros of the Bessel functions 𝐽𝑚 and 𝑌𝑚 .

4. Semiclassical analysis of elastic surface waves
Jian Zhai, Rice University
Abstract. We will give a semiclassical description of surface waves in a threedimensional elastic medium, which is stratified near the boundary at some scale comparable to the wave length. The analysis is based on the work of Colin de Verdiere on
acoustic surface waves. The description is geometric on the surface and locally spectral
“beneath”. Eigenvalues of some 1D differential operator are effective Hamiltonians for
surface waves in semiclassical sense. We will give a study of those differential operators.
Related inverse spectral problems will be discussed.
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CT-3: Contributed talk, Session 3
Scheduled: TBA
Organizers: Kim Knudsen, Technical University of Denmark
Talks 1. Reconstruction of electric conductivities by acousto-electric tomography
details:
using variational regularization
Kim Knudsen, Technical University of Denmark
Abstract. Acousto-Electric Tomography (AET) is a recently proposed technology for
tomography that makes use of both ultrasonic waves and electric fields simultaneously
to recover the conductivity distribution in a body. The combination of the two physical
phenomena gives hope of obtaining reconstructions with high resolution and high contrast.
AET however gives rise to new and challenging mathematical questions of both theoretical
and computational nature.
In this talk the basic reconstruction problem of Acousto-Electric Tomography (and similar kinds) will be considered. We will through numerical examples discuss some recent
theoretical results regarding the stability and instability of the problem. In particular
we will investigate how accurate electrode modelling using the complete electrode model
affects the reconstruction problem, and we will see how the theoretical instability can be
remedied by introducing regularization.

2. Monotonicity and enclosure methods for p-Laplace equation
Tommi Brander, University of Jyväskylä
Abstract. We consider a variant of Calderón’s problem where the forward model is the
weighted p-Laplace equation, a nonlinear partial differential equation. We show that we
can detect the convex hull of an inclusion by the monotonicity method of Harrach and
independently by the enclosure method of Ikehata. In both cases we assume no regularity
from the boundary of the obstacle; the obstacle can be a general measurable set and can,
in particular, have cusps. Further, we assume no jump of any order from the conductivity
on the boundary of the inclusion. We do assume constant background conductivity.
The results also apply to the usual Calderón’s problem. Our proof is more general than
the usual one for the enclosure method, and is not more complicated.

3. A singular value analysis of the simultaneous joint inversion of compact
operators
James Ford, Boise State University
Abstract. The first mention of joint inversion came in the 1975 paper “Joint Inversion
of Geophysical Data,” by Vozoff and Jupp. There, the authors demonstrated through
singular value decompositions that the decay rates of the singular values decreased when
combining two different types of data and hence improved the inherent ill-conditioning
of the discrete inverse problems they were investigating. Our work extends these ideas
to compact linear operators defined by combining Green’s function solutions to multiple
PDEs representing different types of data. Using a singular value expansion of the defined
operators, we too measure the decay rate of the singular values to determine the effect of
joint inversion on the ill-posedness of the continuous inverse problems. This method relies
solely on the PDEs representing data and should therefore provide further mathematical
justification for the effectiveness of existing joint inversion methods. As our work is refined,
we seek to better inform the design of field experiments.
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4. Regularization strategy for inverse problem for 1+1 dimensional wave
equation
Jussi Korpela, University of Helsinki
Abstract. An inverse boundary value problem for a 1+1 dimensional wave equation
with wave speed 𝑐(𝑥) is considered. We give a regularisation strategy for inverting the
map 𝒜 : 𝑐 ↦→ Λ, where Λ is the hyperbolic Neumann-to-Dirichlet map corresponding to
the wave speed 𝑐. More precisely, we consider the case when we are given a perturbation
of the Neumann-to-Dirichlet map Λ̃ = Λ + ℰ, where ℰ corresponds to the measurement
errors, and reconstruct an approximate wave speed 𝑐˜. We emphasize that Λ̃ may not not
be in the range of the map 𝒜. We show that the reconstructed wave speed 𝑐˜ satisfies
‖˜
𝑐 − 𝑐‖𝐿∞ < 𝐶‖ℰ‖1/54 . Our regularization strategy is based on a new formula to compute
𝑐 from Λ. This work is done in collaboration with Matti Lassas and Lauri Oksanen.
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CT-4: Contributed talk, Session 4
Scheduled: TBA
Organizers: Jere Lehtonen, University of Jyväskylä
Talks 1. The geodesic ray transform on two-dimensional Cartan-Hadamard mandetails:
ifolds
Jere Lehtonen, University of Jyväskylä
Abstract. Helgason proved injectivity of the Radon transform for functions with noncompact support but with suitable decay properties. In this talk we present a generalization of that result for non-compact Riemannian manifolds.

2. Shearlet-based morphological component analysis: theory and applications
Emily King, University of Bremen
Abstract. The basic idea behind morphological component analysis is to use collections
of structurally different frames as regularizers in a particular inverse problem in order
to perform image processing tasks like separation and inpainting via standard sparsitybased techniques. The purpose of this talk is to provide a theoretical foundation for
when such an approach will be successful as well as present numerical results comparing
implementations with shearlets and other systems in image processing and other types of
frames in more general data processing.

3. Imaging by joint inversion of electromagnetic waves and DC currents
Diego Domenzain, John Bradford and Jodi Mead A. Rahimov, Boise State University
Abstract. We propose a joint inversion algorithm to image electrical permittivity and electrical
conductivity material properties of a 2-dimensional model of the subsurface by using observed
data on the air-ground interface from ground penetrating radar (GPR [1]) and electrical resistivity
(ER [2]) experiments. Both the GPR and ER experiments consist of introducing an electric field
into the subsurface on the air-ground interface and measuring its respective energy responses.
The ER experiment captures low frequency variability and is sensitive to conductivity, while
GPR captures high frequency variability and is sensitive to permittivity through reectivity and
velocity, and to conductivity through decay of the electric field. We model both the full wave
field and the whole static electric field on our 2-dimensional domain generated by the GPR and
ER experiments respectively, by using our own developed computational forward models [3], and
implement a joint inversion approach that exploits the ER-GPR duality in frequency variability
by allowing the GPR and ER data to work cooperatively while also honoring the physics of the
problem and avoiding biased regularization. We will show results of our joint inversion algorithm
on a synthetic 2-dimensionaldomain using our computational forward models for the GPR and
ER experiments.
References
[1] Harry M. Jol, Ground Penetrating Radar Theory and Applications, Elsevier. 1979.
[2] A. Dey and H. F. Morrison, Resistivity modelling for arbitrarily shaped two-dimensional
structures, Geophysical Prospecting 27 (1): 106-136. 1979.
[3] Diego Domenzain, John Bradford, Jodi Mead, Forward modeling of electromagnetic waves and
steady currents: First steps for a GPR and ER joint inversion, poster presentation, American
Geophysics Union, 2016.
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4. Quantitative determination of the complex permittivity of human brain
using MRI measurements
A. Rahimov, Aix Marseille University and Azerbaijan National Academy of Sciences, A.
Litman, Aix Marseille University, G. Ferrand, CEA-Saclay
Abstract. The quantitative characterization of the complex permittivity of human brain
can potentially help in the diagnostic of pathologies and therapy. Magnetic resonance imaging
(MRI) can be used to visualize the complex permittivity (relative permittivity and conductivity)
distribution inside the brain based on B1-mapping techniques [1,2,3]. We consider thus an inverse
problem whose aim is to quantitatively determine the relative permittivity and the conductivity
of the brain from MRI measurements. Unfortunately, the available data are given as some
mixed components of the magnetic field. Following [3], we reformulate this inverse problem
as a constrained optimization problem. But we consider the electric Helmholtz equation version
instead of the magnetic Helmholtz equation [4]. To recover the complex permittivity distribution,
we construct a cost function corresponding to the discrepancy between the measured quantities
and the simulated ones. To compute the electric field, we use a finite element method based
on a triangular mesh of the considered domain. We consider separately two cases of a priori
information: either the complex permittivity is unknown in each triangle of the mesh or the
complex permittivity is only unknown in some zones in which it is supposed to be constant. We
derive an adjoint field system and formulae for the gradient of the cost function with respect to the
complex permittivity. This gradient will of course depend on the unknown representation choice.
It is the requisite step before applying a quasi-Newton minimization algorithm. This approach
has been tested with various initial guesses which are obtained by perturbing the true value with
an additive Gaussian noise, as well as with various data perturbed by an additive Gaussian noise
with various signal to noise ratios (SNR). All the necessary computational schemes, formulae,
and the results of the carried-out numerical experiments will be presented.
References:
[1] Haacke E.M., Petropoulos L.S., Nilges E.W. and Wu D.H. Extraction of conductivity and
permittivity using magnetic resonance imaging, Phys. Med. Biol., 1991, 38(6):471-477.
[2] Voigt T., Katscher U. and Doessel O. Quantitative conductivity and permittivity imaging of
the human brain using electric properties tomography, Magn. Reson. Med. 2011, 66:456-466.
[3] Ammari H., Kwon H., Lee Y., Kang K. and Seo J.K. Magnetic resonance-based reconstruction
method of conductivity and permittivity distributions at the Larmor frequency, Inverse Problems,
2015, 31(10):105001.
[4] Rahimov A., Litman A. and Ferrand G. MRI-based Human Brain Complex Permittivity
Quantitative Mapping, Inverse Problems, submitted.
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