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Shaaban BAKR, BCAM-Basque Center for Applied Mathematics 

Fast inversion of logging-while-drilling resistivity measurements acquired in multiple Wells

In this talk, we present a method for the fast inversion of borehole resistivity measurements acquired in multiple wells. The library of the 

software is based on the assumption of a planarly layered transversely isotropic (TI) formation with known bed boundaries. There are 

two key novel contributions on this work. First, we extend the set of formation models from previously existing two-dimensions (2D) 

ones to three-dimensional (3D) TI formations that are approximated by a sequence of several “stitched" one-dimensional (1D) sections. 

This provides added flexibility  in order to approximate complex 3D formations. Second, the developed inversion method enables to 

simultaneously invert measurements acquired at different wells and/or with different logging instruments.

Numerical experiments performed over realistic 3D synthetic formations illustrate the flexibility and superb inversion results obtained 

with the library, which enables to interpret resistivity measurements acquired at various wells (e.g., an exploratory,  an offset, and a 

geosteering well) and with any combination of co-axial and/or tri-axial commercial logging instruments with known antennae 

configurations.



Enrique FERNÁNDEZ-CARA, Universidad de Sevilla

Numerical control and inverse problems and Carleman estimates 

This talk is devoted to present some numerical methods for the solution of control and inverse problems for PDEs that rely on 

Carleman estimates. A first  model example is the null controllability problem for the 1D heat equation. It will be seen that an 

appropriate reformulation leads to a Lax-Milgram problem that can be solved numerically by introducing $C^1$ finite elements. A 

second example is the same problem for the Stokes or Navier-Stokes system. Here, the principle is the same but the numerical 

problem is much harder. A third example is found by considering a source identification problem for the wave equation.  We will present 

some convergence results and also the results of several numerical experiments.
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Juan Luis FERNANDEZ-MARTÍNEZ, Universidad de Oviedo

Biomedical robots to study cancer, rare and neurodegenerative diseases

Studies of genomics make use of high throughput technology to discover and characterize genes associated with cancer and other 

illnesses. Genomics may be of  particular value in discovering mechanisms and interventions for neurodegenerative and rare diseases 

in the quest for orphan drugs. To expedite risk prediction, mechanism of action and drug discovery, effectively, analytical methods, 

especially those that translate to clinical relevant outcomes, are highly important. We define biomedical robot as a novel tool for 

genomic analysis in order to improve phenotype prediction, identifying disease pathogenesis and significantly defining therapeutic 

targets.  The implementation of a biomedical robot in genomic analysis is based on the use of feature selection methods and ensemble 

learning techniques. Mathematically,  a biomedical robot exploits the structure of  the uncertainty space of any classification problem 

conceived as in an ill-posed optimization problem, that is, given a classifier several equivalent low scale signatures exist providing 

similar prediction accuracies. As an example, we show the analysis of  three different expression microarrays publically available 

concerning Chronic Lymphocytic Leukemia, Inclusion Body Myositis/Polymyositis (IBM-PM) and Amyotrophic Lateral Sclerosis (ALS). 

Using these examples we showed the value of the biomedical robot concept to improve knowledge discovery and provide decision 

systems in order to optimize diagnosis, treatment and prognosis. The goal of the FINISTERRAE project  is to leverage publically 

available genetic  databases of rare and neurodegenerative diseases and construct a relational database with the genes and genetic 

pathways involved, which can be used to accelerate translational research in this domain.  Other examples concerning biochemical 

data in hospitals and physical imaging will be also shown.

In collaboration with: Enrique J. de Andrés GALIANA (University of Oviedo),  Ana CERNEA (University of Oviedo)  and Stephen T. 

SONIS (Biomodels SA, Brigham Women Hospital and Harvard University)
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Andoni GARCÍA, Universidad del País Vasco / Euskal Herriko Unibertsitatea

Transmission eigenvalues for higher-order operators and higher-order perturbations

We extend the theory of transmission eigenvalues for higher-order main terms on three fronts. First, we extend the techniques of 

Serov and Sylvester to prove discreteness and existence results for  transmission eigenvalues for higher-order main terms with 

singular and degenerate potentials. Second, we extend Sylvester’s approach via upper triangular operators to establish the 

discreteness of transmission eigenvalues for higher-order main terms and higher-order perturbations. Finally, we extend Sylvester’s 

approach to establish discreteness for some magnetic Schrödinger operators.
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Luca GERARDO-GIORDA, BCAM-Basque Center for Applied Mathematics 

Dynamic spatio-temporal analysis in disease ecology

Parameter estimation plays a crucial role in devising models that can be predictive. We propose a mixed approach to model the spread 

of a disease in wildlife: in a hierarchical structure we combine modeling ideas from the epidemiological literature (SEIR) with a data-

driven spatio temporal specification that is governed by a latent SPDE.  An application to raccoon rabies spread in the state of NY 

provides the case study to illustrate the method.  

Authors: L. GERARDO-GIORDA, G. PUGGIONI (U. Rhode Island), L. WALLER (Emory), L. REAL (Emory)
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Alexander GRAYVER, Institute of Geophysics, ETH Zurich

Adaptive model parametrization techniques in multi-scale geophysical inverse problems

Electromagnetic (EM) methods of geophysics can be used to image subsurface electrical conductivity distribution and hence make inferences about 

rock composition, temperature and fluid content. This requires solving inverse problems, which are often formulated in a form of PDE-constrained 

optimization. In EM methods, the underlying physics is governed by Maxwell's equations and results in  highly non-trivial solutions, which can only be 

approximated by using numerical methods such as FEM. The common workflow adopted nowadays requires a user to pre-define discretizations for 

state, adjoint and parameter variables and often these discretizations are chosen to be the same. This choice needs to guarantee accurate solution 

of state and adjoint equations, adequately represent imaged parameter variable on multiple scales and keep number of unknowns as low as possible 

to mitigate inherent ambiguity and instability in inverse problems. Doing this manually may result in  suboptimal performance and introduce a 

subjectivity. This study investigates the use of adaptive model parameterization approaches in large-scale inverse problems. To this end, a 

distributed inversion scheme has been implemented, which introduces automatic mesh refinement techniques for optimal choice of state, adjoint and 

parameter meshes. The calculation of accurate EM responses is done by employing mesh refinement algorithm based on goal-oriented error 

estimator. The initial parameter mesh is chosen automatically by using resolution estimates, thus accounting for arbitrary survey layouts, data 

frequency content and measurement uncertainties. The parameter mesh is further refined by inspecting emerging structures. These techniques 

alleviate the burden of choosing a suitable model parameterization, reduce ambiguity and result in significant computational savings.
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Hanne KEKKONEN, University of Helsinki

Resolving the White Noise Paradox in the Regularisation of Inverse Problems

Our aim is to provide new analytic insight to the relationship between the continuous and practical inversion models corrupted by white Gaussian 

noise.

Let us consider an indirect noisy measurement of a physical quantity ,

Where  is the noise magnitude.  If was an  -function Tikhonov regularization would give an estimate

Or .   Above is the regularisation parameter.

Realisations of white Gaussian noise are almost never in  , but do belong   with probability one if is big enough. That is why we 

present a modification of Tikhonov regularisation theory covering the case of white Gaussian measurement noise. We will also consider the question 

in which space does the estimate convergence to a correct solution when the noise variance goes to zero and what is the speed of the convergence.

This is joint work with Matti LASSAS and Samuli SILTANEN (University of Helsinki)



Virginia SELGAS, Universidad de Oviedo 

Sampling type methods for an inverse wave guide problem posed in the frequency domain or 
in the time domain

We consider the problem of  locating and imaging an obstacle in an infinite tubular wave guide from time domain measurements of 

causal waves. We assume that we are given the scattered field for a few point sources and receivers placed on a pair of 

surfaceslocated inside the waveguide and far from the obstacle.

To deal with this problem, Bourgeois and Lunéville [1] have considered the use of the Linear Sampling Method (LSM) fordetecting sound hard 

obstacles in infinite sound hard tubular pipes. The assumption of a sound hard pipe is in accordance with the application we have in mind, which is 

that of acoustic techniques to inspect underground pipes such as sewers. But the computational examples in [1] are all of two-dimensional sound 

hard scatterers away from the boundary of the pipe, and for data measured in the frequency domain. Here, we extend the analysis and the 

numerical results of [1] to deal with two or threedimensionalpenetrable obstacles in the frequency domain; we also extend the method of [1] to 

handle impenetrable obstacles inthe time domain.

More precisely, on the one hand, in sewers we may find porous sediments supporting acoustic waves. According to this, in [8] we analyze the LSM 

for detecting penetrable scatterers which may touch the wall of the pipe. In this situation, we laso investigate the Reciprocity Gap Method (RGM); 

this method has the potential advantage of avoiding the explicit modelling of changes in the shape of the sewer (f.e. the manhole through which the 

loudspeakers or microphones are lowered into the sewer). In particular, as in [7], we prove the theoretical equivalence of the RGM and a 

generalized LSM in which the source and receivers are placed on planes that may be disjoint. 

On the other hand, the measurements of the scattered field in applications to sewers are taken in  the time domain and its transformation into a 

single fixed frequency data may deteriorate the imaging of obstacles. To investigate it, in [9] we deal with impenetrable sound soft obstacles inside 

the pipe using the scattering data measured in the time domain, without transforming the data to the frequency domain. In particular, we adapt and 

analyze the Time Domain Linear Sampling Method (TD-LSM, ese [3]) for the problem at hand.

To verify our theoretical results, we have implemented the aforementioned methods in MatLab codes. In the frequency domain, our numerical 

results confirm the expected behaviour of the LSM and RGM in some academic examples; although a complete blockage of the pipe is not covered 

by our theory, we have investigated numerically that case and found that the LSM fails to detect it (to our knowledge, it is the first case where the 

LSM completely fails to detect an obstacle). Besides, in the time domain, our numerical experiments are mostly motivated by the corresponding 

frequency domain examples in [1]; as expected, the TD-LSM improves the image reconstructed by the LSM.

Joint work with Peter MONK.

References:

[1] L. BOURGEOIS, E. LUNÉVILLE, The linear sampling method in a waveguide: a modal formulation, Inverse Problems 24 (2008),15–18.
[2] F. Cakoni, D. COLTON, Qualitative methods in inverse scattering theory, Springer-Verlag, New-York 2006.
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