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Parallel hardware architectures for medical

imaging

In the last decades, medical image processing becomes a popular
research area focusing mainly in the provision of software tools to an-
alyze images (X-Ray, MRI, CT, angiography, etc) to identify specific
patient indicators used in diagnoses. Real-time demanding applications
(video-based, tracking, etc) have started to demand the application of
innovative techniques to speed up image processing. Indeed, paral-
lel hardware architectures under paradigms like the Single Instruction
Multiple Data (SIMD) or Multiple Instruction Multiple Data (MIMD),
or the most famous one, the GPU have started a quick evolution to pro-
vide suitable hardware platforms to deal with real-time requirements
within portable devices. Their main advantage is the capability to
fully exploit the massively parallel computation resources. In this talk,
a brief presentation of the design and implementation of retinal Vessel
Tree extraction algorithm for SIMD architectures will be presented, as
well as its implementation on the SCAMP-3 Vision System (Univ. of
Manchester, UK). A insight on future research work of the application
of this HW architectures in combination with the CFD for medical
applications will be shown, too.
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Simplified numerical model for the study of wave

energy convertes (WECs)

The movement of floating bodies is governed by Cummins integro-
differential equation [1]. This is a second order differential equation
with a convolution integral of the impulse response function and the ve-
locity of the body, which represents the radiation problem. To avoid the
computation of the convolution integral the most popular approach is
to approximate it by an appropriate state-space [5]. The identification
of the state-space components is done in the frequency domain using the
information provided by a Boundary Element Method (BEM) model,
WADAM/WAMIT, [4]. The obtained state-space from the approxi-
mation of the convolution integral is extended to solve the complete
Cummins equation as a single state-space.

The model has been applied in two different projects. The first
project is the study of an Oscillating Water Column (OWC) [3], where
the air pressure inside the chamber is included in the system. The
obtained results are compared with laboratory measurements and the
results produced by a well validated CFD model, IH-2VOF. The second
project is the WEFIES [2], where the energy is extracted by two bodies
moving in heave and the results are compared with those from the BEM
smodel. The energy is obtained due to the relative velocities of both
bodies.
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Mathematical model for optimization of

regenerative feed water systems at thermoelectric

power plants

The need for numerical simulation is increasing, represents one of
the most powerful tools to achieve a deeper understanding of the effects
of numerous variables on any complex system such as a thermal power
plant, whereas the expensive experimental methods are still prohibitive
key issues, mainly used for validation purposes.

A regenerative system basically uses the steam inside the vapor tur-
bine for heating the feed water after being used initially to drive the
turbine, returning finally to the steam generator. The thermal efficiency
of the regenerative process is determined by the steam work delivered
by the different regeneration captures, without any heat loss inside the
condenser.

The aim of this presentation is focused on the development and im-
plementation of a numerical model to optimize the Rankine’s cycle,
developing an innovative progression of analytical and iterative calcu-
lations, allowing the determination of the initial design parameters for
the regenerative system itself, as a relevant contribution for maximizing
the thermal yield of the whole power plant, according to the heating
function across the condenser, such as:

αcond =
z∏
r=1

(
1

1 + τr
qr

)
.
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The parametrization of invariant manifolds for

periodic orbits of vector fields

The existence and the location of heteroclinic and homoclinic con-
nections between different invariant sets is of fundamental importance
in the theory of dynamical systems. Indeed the stationary solutions,
the periodic orbits and the possible connections between them form
the skeleton around which the complicated dynamics may evolve. If
the computation of stationary points and periodic orbits could be (rel-
atively) easy, usually a more difficult task is the computation of con-
necting orbits. The standard approach to find orbits connecting two
different invariant objects, is to look for possible intersections of the
invariant (un)-stable manifolds of the invariant objects. In this talk a
method for the parametrization of the local invariant manifold of peri-
odic orbits for vector field is shown. We discuss how the computation
of the invariant tangent bundle discussed in [1] represents the key step
necessary to move the theoretical framework introduced in [2] into a
computational algorithm.

References
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2013
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On the evolution of the binormal flow for a regular

polygon

We consider the initial-value problem for the binormal flow

Xt = cb, (1)

where c is the curvature and b the binormal component of the Frenet–
Serret formulae. It can be expressed as

Xt = Xs ∧Xss, (2)

where ∧ is the usual cross-product, and s denotes the arc-length param-
eterization. This geometric flow, also known as the Localized Induc-
tion Approximation (LIA), or the Vortex Filament Equation (VFE),
appeared for the first time in 1906 [2], and was rederived in 1965 by
Arms and Hama [1] as an approximation of the dynamics of a vortex
filament under the Euler equations. Some of its explicit solutions are
the line, circle, and helix.

Since the tangent vector T = Xs remains with constant length, we
can assume that T takes values on the unit sphere. Differentiating (2),
we get the so-called Schrödinger map equation on the sphere:

Tt = T ∧Tss. (3)

Even if the solutions of (2)− (3) for an initial datum with a corner are
well understood [3], nothing has been done for more general initial data
with several corners, in particular polygons. In [4], we have considered
the evolution of (2)-(3), taking a planar regular polygon of M sides
as the initial datum. Assuming uniqueness and bearing in mind the
invariances and symmetries of (2) and (3), we are able to fully charac-
terize, by algebraic means, X(s, t) and T(s, t) at times that are rational
multiples of t = 2π/M 2. Moreover, we show that the structure of X
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and T at those instants is intimately connected with the generalized
quadratic Gauß sums:

G(a, b, c) =
c−1∑
l=0

e2πi(al
2+bl)/c. (4)

All the results are completely supported by numerical simulations.
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Enabling constant pressure hybrid Monte Carlo

simulations using the GROMACS molecular

simulation package

Adaptation and implementation of the Generalized Shadow Hybrid
Monte Carlo (GSHMC) method for molecular simulation at constant
pressure (in NPT ensembles) are discussed. The resulting method,
which we call NPT-GSHMC, combines Andersen barostat with GSHMC
that allows for performing molecular simulations in the most natural
for biological applications environment, namely at constant pressure
and constant temperature.

Generalized Hybrid Monte Carlo methods are designed to maintain
constant temperature and volume and extending their functionality to
preserving pressure is not trivial.

The theoretical formulation for both NPT-GSHMC and Andersen
barostat has been previously introduced. Our main contribution here
is the implementation of both techniques in the GROMACS molecular
simulation package and the evaluation of properties of NPT-GSHMC,
such as accuracy, performance, effectiveness for real physical systems
in comparison with well-established molecular simulation techniques.
Benchmarking tests are being performed and the obtained preliminary
results are promising.
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Methods and algorithms for computing cumulative

chi-squared distribution functions

Both the direct computation and the inversion of the cumulative
χ2 distributions (also called gamma distributions) are used in many
problems in statistics, applied probability and engineering. Algorithms
for the numerical evaluation and inversion of the incomplete gamma
function ratios (central χ2 distributions) P (a, x) = γ(a, x)/Γ(a) and
Q(a, x) = Γ(a, x)/Γ(a) are described for positive values of a and x.
The method for the computation of the ratios P (a, x) and Q(a, x) use
different approximations (Taylor series, continued fraction and uniform
asymptotic expansions) in different regions of the parameters and it is
similar to Gautschi’s method but with the addition of uniform asymp-
totic expansions for large values of a and x. Non-central gamma distri-
bution functions (also called Marcum functions) are functions of three
variables Pµ(x, y), Qµ(x, y) which reduce to central gamma distribu-
tions when x = 0. We describe algorithms for the computation and
inversion of the non-central cumulative distributions based on series ex-
pansions, integral representations, asymptotic expansions and the use
of three-term homogeneous recurrence relations.

Work in collaboration with Javier Segura and Nico M. Temme.
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Automated parallel adaptive FEM simulation of

turbulent flow and fluid-structure interaction

I will give an overview of my research on finite element simulation of
turbulent flow and fluid-structure interaction, in the form of the auto-
mated mathematical and open source software framework FEniCS [1,
2] with focus on goal-oriented adaptive methods and massively parallel
computer architectures.

I will also present several applications in turbulent flow and fluid-
structure interaction: adaptive simulation of aerodynamic quantities
for a full aircraft and wing profile at realistic conditions, fluid-structure
simulation of self-oscillating vocal folds with contact, among others.

This summer me and my colleagues participated in the 2nd AIAA
CFD High Lift Prediction Workshop (HiLiftPW-2) [3], June 22-23, 2013
in San Diego, organized by NASA, Boeing and others, by contributing
computational results for a DLR F11 high lift full aircraft model, and
our adaptive results were highlighted in the workshop summary by the
organizers [3].

In the seminar we will present an overview of the results and our
novel methodology. Our simulation methodology is referred to as Gen-
eral Galerkin (G2) and uses a finite element method with piecewise
linear approximation in space and time, and with a numerical stabi-
lization in the form of a weighted least squares method based on the
residual. The G2 method is implemented in the Unicorn solver in the
FEniCS framework. The methodology has several unique aspects which
we hope can advance the field in new directions:

1. The incompressible Navier-Stokes Equations (NSE) are discretized
directly, without applying any filter. Thus, the method does not ap-
proximate any Large Eddy Simulation (LES) filtered solution, but is
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instead an approximation of a weak solution, satisfying the weak form
of the NSE.

2. For this method, we have a posteriori error estimates of quantities
of interest with respect to a weak solution, which form the basis for our
adaptive mesh refinement algorithm. The a posteriori error estimates
are based on the solution of an associated adjoint problem with a goal
quantity (lift and drag in this setting) as data.

3. We model turbulent boundary layers by a slip boundary condition
which is a good approximation for small skin friction stress, which gives
enormous savings in computational cost by not having to resolve a very
thin boundary layer.

[1] http//fenicsproject.org

[2] http://ctl.csc.kth.se/index.php/Software

[3] http://hiliftpw.larc.nasa.gov/Workshop2/agenda.html
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Time optimal control for axi-symmetric

micro-swimmers

In the 50’s, G.I. Taylor [8] was the first to study the motion of micro-
swimmers in an incompressible and viscous fluid. At this micro size,
the effect of inertial forces if negligible. Hence micro-size organisms
could not take advantage of inertia in order to move into the fluid.
The only way to move in it is the use of viscosity forces. In particular
this leads to a counter-intuitive result pointed out by E. M. Purcell [6]:
if the swimmer is performing a periodic motion governed by only one
parameter, then this swimmer do not move.

Recently, the interest for such swimmers has increased, see for in-
stance [1, 7]. In particular, understanding the motion of such swimmers
can leads to some medical development, such as non intrusive surgery,
drugs deposit...

The aim of this talk is to study the time optimal controllability
of axi-symmetric swimmers. After introducing the physical problem,
I will consider an approximation of it. This approximation will be a
generalized Brokett integrator, see for instance [2, 5]. For this integra-
tor, we can compute the explicit solutions of the time optimal control
problem. Then we will use this solutions as initial point in a descent
algorithm in order to find numerically a time optimal control for the
real fluid-structure system.

The result presented in this talk can be found in [3, 4].

References

[1] F. Alouges, A. DeSimone and A. Lefebvre, Optimal strokes
for axisymmetric microswimmers, Eur. Phys. J. E. (28): 279–284,
2009.

13



[2] R. Beals, B. Gaveau, and P. C. Greiner, Hamilton-Jacobi
theory and the heat kernel on Heisenberg groups, J. Math. Pures
Appl. (9)79:633–689, 2000.

[3] J. Lohéac and J.-F. Scheid, Time optimal control for a non-
holonomic system with state constraint, Mathematical Control and
Related Fields, 3: 185–208, 2013.
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Mathematical tools in the design of floating

devices for energy exploitation in marine

environment

A wide perspective on computational and numerical methods ac-
knowledged and generally used by scientific and industrial communities
in the field of renewable energy in marine environment will be herein
analyzed. Generally, mathematical models are required in engineering
applications serving for several purposes. They represent not only a
more or less reliable description of the reality, but also they allow sci-
entists to understand phenomena, their implication and their causes,
and finally they provide to the designers powerful tools for the assess-
ment of their objectives. All these situations, therefore, occur in the
relatively novel, but increasingly expanding, field of renewable energies,
especially in marine environment. In particular, from the earliest stages
of conceptual technical and economic viability analysis of a device until
the final operational design decisions, mathematical modeling of each
step is mandatory, and the appropriateness of these models may result
in the success or failure of a concept or idea. Tecnalia R&I has used and
developed a plethora of models and methods as a result of a ten-year-
long experience in the field of renewable energy in marine environment.
Intensive work has been carried out for the development of tools for
design and optimization of devices for production of energy from ocean
waves and wind in offshore locations. Recently, studies have been ad-
dressed towards the development of floating concepts, due to a joint
combination of several factors, i.e. as a result of economic and environ-
mental remarks. Further, the challenges to be undertaken are different
and in some cases stricter than those in the oil and gas sector, in which
already a scientific literature in the field of floating devices exists, being
mandatory the optimization of costs. Thus, in this presentation a quite
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large range of situations occurring throughout all the design phases of
offshore floating devices for energy production (waves and wind) will
be examined, and the available and mostly used mathematical tools
described critically, starting from the stochastic and probabilistic ap-
proaches for analyzing the sources to the electrical models of the grid
integration, from linear and non-linear hydrodynamic modeling of the
submerged structures to aero-hydro-elasticity issues when dealing with
wind turbines, from modeling of the behavior of mooring lines to the
analytical and semi-analytical modeling of Power Take Off (PTO). Fi-
nally, two examples/case studies will be shown. In the former, the use
of panel methods for modeling a support structure for offshore wind
energy will be illustrated; in the second, a qualitative comparison of
quasi-static and dynamic approach in the time domain for mooring lines
modeling and some system identification methods used for achieving a
more flexible and computational efficient frequency domain approach
will be discussed.
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Fast inversion of Logging-While-Drilling (LWD)

resistivity measurements using model reduction

A number of three-dimensional (3D) simulators of borehole logging
measurements have been developed during the last two decades for oil-
industry applications. These simulators have been successfully used to
study and quantify different physical effects occurring in 3D geometries.
Despite such recent advances, there are still many 3D effects for which
reliable simulations are not available. Furthermore, in most of the
existing results only partial validations have been reported, typically
obtained by comparing solutions of simplified model problems against
the corresponding solutions calculated with a lower dimensional (2D or
1D) numerical method. The lack of 3D simulation results (as opposed
to 2D results) is due to major difficulties encountered when solving
geometrically challenging problems. Namely, for mesh-based methods
(Finite Elements, Finite Differences, Boundary Elements, etc.), the size
of the system of linear equations becomes excessively large to be solved
in real (logging) time.

In this presentation, we describe a recently created computer library
for the inversion of logging-while-drilling (LWD) resistivity measure-
ments. The library assumes a 1D model based on a planarly layered
transversely isotropic (TI) formation with known bed boundaries. The
well trajectory is arbitrary. Forward simulations are based on a one-
dimensional reduced model where both borehole and mandrel effects
are ignored. Given one or various apparent resistivity logs, a descrip-
tion of the employed logging instrument, the well trajectory, and the
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bed boundaries, the inversion library delivers: (a) a resistivity distri-
bution over each layer that minimizes the misfit of the data, and (b)
the corresponding error bars expressing the degree of uncertainty of the
inverted results. The stopping criteria, regularization term, regulariza-
tion parameter, Jacobian, and solutions per iteration are automatically
estimated by the inversion algorithm, thus, minimizing the required
user interaction and expertise. Inversion of synthetic and actual field
results show the high stability and superior approximation properties
of the proposed inversion algorithm.

For additional info, please visit: https://sites.google.com/site/dzubiaur/
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Large-time behavior and numerics for scalar

conservation laws

It is well known that the behavior of the solutions of 1-D scalar con-
servation laws is of self-similar nature. In fact, as t → ∞ solutions
become N-shaped, conserving the positive and the negative masses.
This behavior changes significantly for the viscous version of the mod-
els, where the asymptotic profiles have constant sign and only the to-
tal mass is preserved. At the numerical level, monotone conservative
schemes add artificial viscosity in order to capture correctly the shocks
that may arise in the solutions. Therefore, a similar phenomenon could
be expected to happen: losing the N-wave shape when performing large-
time simulations. In this talk we will address this issue, showing that
there are such numerical schemes that still maintain the correct behav-
ior.

This is a joint work with L. I. Ignat and E. Zuazua.
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New multiple rotating frame implementations in

BBiped

BBiped, BCAM-BALTOGAR industrial platform for engineering
design, is an SU2/Salome based CFD platform for turbofan simula-
tion and design. SU2 is an open-source finite volume solver developed
by Stanford University and Salome is an open-source CAD design and
mesh generator developed by OPEN CASCADE. Accurate and cost ef-
fective simulation of rotating effects is one of the major problems widely
studied in turbomachinery. Such machines are extensively used in many
industries including aerospace, automotive, ventilation, power genera-
tion, chemical manufacturing, petroleum exploration and others. This
demonstrates the importance of turbomachines optimal design which
should be based on a realistic flow simulation.

The flow in turbomachinary or
other rotary systems is the focus
of this paper. Using MRF (Mul-
tiple Reference Frames) approach
unsteady physics could be viewed
as a steady state problem on a
fixed grid. Theoretically the MRF
is not the result of a mathemati-
cal or a physical assumption but
its validity in actual problems de-
pends on how the boundaries be-
tween zones have been treated.
Some schemes for data exchange
at the interface in multi-zone computation have been investigated
through several tests. It shows that this technique has been imple-
mented correctly in BBiped based on the single frame approach already
implemented in SU2 and could be used in general 3D cases effectively.
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A technique based on a virtual MRF (VMRF) is implemented as well
and results are compared to the previous one.
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Gas-solid interaction model for unsteady rotating

effects simulation in turbomachinery

Rotating effects numerical modeling is one of the most challenging
aspects in turbomachinery simulation, especially for unsteady flows.
Many techniques exist for such a purpose the most popular being the
multiple rotating frame steady states simulations and sliding mesh for
unsteady states simulations. In this talk a method inspired from the
Gas-solid models will be described and discussed. The method is im-
plemented into BBiped for 2D flows, some results will be shown.
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Retrieving the signal of climate change from

simulated sediment transport along the eastern

Baltic Sea coast

The ability of numerically simulated wave-driven potential along-
shore sediment transport along the eastern Baltic Sea coast (from the
Sambian Peninsula up to Prnu Bay) to reflect substantial variations
in the wind and wave fields in the Baltic Sea basin is analysed us-
ing hourly time series of wave properties reconstructed for 1970–2007
based on adjusted geostrophic winds and the WAM wave model with
a spatial resolution of 3 nautical miles. The calculations first identify
several divergence and convergence areas of the sediment flux and as-
sociated reversals of the classical counter-clockwise transport pattern.
A highly persistent divergence area at Akmenrags Cape (Latvia) di-
vides the eastern coast of the Baltic Proper into two almost completely
separated compartments. A similar convergence area moves cyclically
over the entire Curonian Spit and keeps this landform in almost perfect
equilibrium in the current climate; however, this landform may become
unstable if the wind climate would rotate by more than 7–10 degrees.

Consistently with the gradual increase in the wind speed over the
Baltic Sea basin, the bulk sediment transport shows extensive decadal-
scale variability but clearly increases over the entire simulation period.
A rapid increase in the net sediment transport along the entire eastern
Baltic Sea coast in the 1970s–1980s has been replaced by an equally
strong decrease since about 1990. This change in the course of coastal
processes is accompanied by a substantially different nature of varia-
tions in the annual transport in semi-sheltered sub-basins such as the
Gulf of Riga since about 1990 compared to that at the coasts of the
Baltic Proper. The reason for such abrupt changes is a major shift (by
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about 40 degrees) in the direction of the geostrophic air flow in the
southern Baltic Sea since 1988.
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A high-order discontinuous hybrid

control-volume/finite-element method on

multi-dimensional domains

A high-order, discontinuous, hybrid control-volume/finite-element
method is proposed for the solution of elliptic problems. This rela-
tively novel approach has been applied mainly to advection problems,
while the present work focuses on the accurate representation of the dif-
fusion operator. The scheme is applied to problems with discontinuous
coefficients, anisotropic diffusion matrix and hybrid meshes with curved
boundaries. The mixed formulation is followed, where the second or-
der equation is split into a system of first order equations involving an
auxiliary flux unknown. The exponential convergence of the proposed
method is confirmed by numerical experiments.

25



Jose Pablo Suarez

University of Las Palmas de Gran Canaria, Spain.
josepablo.suarez@ulpgc.es

Longest-edge n-section refinement: overview and

open problems

The refinement problem deals with decomposing a given discretized
domain (mesh) into small subdomains, called elements. The longest-
edge bisection algorithm is one of the most popular refinement algo-
rithm since it is very simple, computationally cheap and can be easily
applied also in higher dimensions.

The longest-edge algorithm was originally designed for solving non-
linear equations. Lastly mainly due to effort of Rivara in a series of
paper that began in 1984 longest-edge methods started to become pop-
ular also in practical use of the finite element method.

Still today, the use of meshes and refinement methods is spreading
out to new fields. For example with the growing interest of the indus-
try of visualization, 3D scanning, computer design and gaming, new
demanded algorithms for fast computation is needed.

We review a common family of refinement methods, those based on
subdividing the longest edge of triangles and tetrahedra, and discuss
ongoing and future open problems.

Joint work with Tania Morneo, Angel Plaza and Pilar Abad.
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The surf zone dynamics of waves in Northern

Spain and in Southern Brazil

Extreme synoptic events transfer a large amount of energy from the
atmosphere to the ocean. As a result, generation of large surface waves
and storm surge can occur. The combination of these two phenomena
often cause coastal flooding which imply socioeconomic impacts. The
prediction and assessment of these phenomena are possible through
the use of mathematical models which describe the waves, wind, cur-
rents by means of transformations such as wave shoaling, dissipation
and breaking. The wave run-up on the beach is another phenomenon
which such models could forecast. In order to accurately describe the
physics of this problem, it is necessary to consider processes in different
scales, from the wave generation in the open sea until the smaller scale
mechanisms that occur during the wave breaking by the beach. To
achieve this, we have employed the SWAN model (Simulating WAves
Near shore) which solves the wave action balance equation in the do-
main of intermediate to shallow waters. The result is the directional
wave spectra which provide a complete description of the sea state at
the regime considered by this model. We then use the output from
SWAN as boundary conditions for the SWASH (Simulating WAves till
SHore) model. SWASH is governed by the shallow water equation and
can describe the propagation of the waves from near shore to the beach.
This approach allows the study of the dynamics of the surf and swash
zones. The rapidly varying shallow water flows modeled by this system
is typical near shore and in coastal urban areas. Thus, this work is ap-
plicable to the protection and planning against the hazards of flooding
in ports, harbors and beaches. The coupling of the two models above-
mentioned have been performed and simulations of extreme events in
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the Bay of Santander, in Spain and in the city of Tramandáı, in the
south of Brazil, will be presented.
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Computing lower and upper bounds of eigenvalues

In this lecture, we will introduce a type of multilevel correction
method for eigenvalue problems. In this type of correction method,
we can do the correction steps by any times which can improve the
overall efficiency for solving eigenvalue problems. Based on the multi-
level correction method, it is easy to construct a multigrid method to
solve the eigenvalue by conforming and nonconforming elements with
optimal computational complexity and simple analysis. Based on the
multilevel correction method, we will design the computational method
to obtain the lower and upper bounds of the eigenvalues.
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Organization of parallel computations in a large

environmental model

Large environmental models are as a rule described mathematically
by systems of partial differential equations (PDEs). The time and space
discretization of such systems of PDEs leads to the solution of huge
systems of linear algebraic equations that can contain several millions
of equations. These systems have to be treated (normally several times)
at every time-step. The number of time-steps is also very large; often
several hundred thousand time-steps have to be carried out. Moreover,
many scenarios, up to several hundreds, have normally to be run when
different environmental studies are to be carried out.

It is clear that it is necessary (A) to select both efficient numerical
methods and (B) to apply appropriate splitting procedures in order to
be able to handle such big numerical tasks. However, even this is not
sufficient. It is additionally needed (C) to parallelize the codes and to
run them efficiently on modern high-speed computers. The solution of
this last important problem will be the main topic of this talk. The
achievements will be illustrated by numerical results.

Finally, it will be emphasized in the end of the talk that some im-
portant studies that are related to the impact of the future climatic
changes on the pollution levels in different part of Europe can be per-
formed only if the three computational tasks (A), (B) and (C) are
successfully resolved.
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