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Mathematics helps to Industry by providing the best answer to
its demands and needs. It is not just a simple approach but also
a fact that has been proven through successful experiences
involving companies in all business sectors.

E%F%/JA\%I‘_’E‘I\EGSE% + Mathematics | = Succes S Mathematical research groups share their knowledge at the

service of the industry to develop innovative solutions. In
particular, the Spanish Network for Mathematics & Industry
(math-in), a stable platform willing to continue the work begun
under the project Consolider Ingenio Mathematica (i-MATH),
brings together research groups from universities across Spain
with an extensive range of technology services designed by and
for companies.

Name of the project Research group The use of these services by companies from eight reference
business sectors resulted in the success case studies contained
O @ Duration in this publication; a small collection of experiences and examples

of hundreds of partnerships shared between Spanish research

.
Cost @ groups and companies.
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Mathematics

One of the greatest challenges of the twenty-first century is to

ensure the sustainability of our planet, by combining a more
responsible management of resources with a greater respect for the
environment. This challenge, taken by public administrations, has

led to a tightening of regulations on pollution, which in its turn has
encouraged companies to deepen their corporate social responsibility
policies towards a greater commitment to the environment. This is

a logical evolution, as it not only bears to an improvement of their
image, but also to an increase in their medium and long-term income.
If to all this, we add the increase in oil prices and the scarcity of fossil
resources, a firm commitment to renewable energies is needed. In
this area, Mathematics is a useful tool to help industry save energy,

to assess the use of alternative energy sources, and even to control
pollution, among other applications. Not surprisingly this is the
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second sector in which we have signed more contracts between

the research groups involved in the i-MATH project and the business
sector, with a total of 73 technology transfer activities and training
developed in the last 15 years'. In addition, there are 35 research
groups providing consulting services aimed at this sector.

Below we discuss some successful case studies in collaboration
between university and industry to solve practical problems that have
been favorably overcome by the application of mathematical tools
and techniques.

"Data extracted from Soluciones Matematicas para Empresas Innovadoras. Catalogo de servicios ofertados por investigadores espafioles. Quintela, Peregrina; Parente, Guadalupe;
Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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TEMPERATURE CONTROL
INAN INDUSTRIAL OVEN

Imagine an oven with the size of an industrial plant, which must
heat around 80-90 tons steel pieces that should leave the furnace
at a temperature of 1,400 °C for lamination. Those are high-energy
consumption furnaces (400-500 kw/ton produced) for which it is
impossible to determine what is actually happening on their inside.

To control the indoor temperature and achieve a significant energy
saving, the engineering company named Russula, based in A Corufia
and dedicated to the assembly of industrial furnaces worldwide
(Brazil, India, Russia, Spain, etc.), decided to seek the collaboration
of the research group MAI (Differential Equations and Numerical
Simulation Group) of the University of Vigo. The objective was to
develop a computer program, and integrate it into the furnaces
control panels. That will allow the prediction in real time of the
temperatures in the billets inside the oven, so that the company could
properly adjust the power of the burners.
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| Gas temperature distribution in the furnace chamber.

“It takes hours, even days, to solve this kind of numerical simulation
using the standard programs on the market, since the problems
involved are highly complex, with millions of unknowns” claims José
Durany, MAI group coordinator. But that was not a proper solution for
the company, because they wanted to know what was happening in
real time to take appropriate decisions on the fly. The novelty of the

Preliminary analysis of the
complete model for the
heating of billets in rolling mill
ovens

Differential Equations and
Numerical Simulation Group
(MAI) of the University of Vigo

code designed by the MAI group, under the leadership of Professor
Fernando Varas, is that it provides solutions to the problem in only

a few seconds thanks to the use of a specific technique known

as reduced-order models. This technique consists of a battery of
simulations- the kind of calculations that take hours- stored in a
database. The MAI software allows access to that database to select
specific characteristics at any moment and provide an immediate
answer.

This solution enables significant savings in the
gas consumption of the burners, estimated

at 15%. In a furnace of these characteristics,
which usually consumes millions of Euros

in gas per year, that means very substantial
savings.

The software developed was tested on a small oven in Afidn, near A
Corufia, Spain, and is currently installed in a larger oven, assembled
by Russula in Barcelona. Meanwhile, the MAI group is currently
working with a company dedicated to the manufacture of crankshafts
for the automotive industry, Cie—-Galfor, and with the technological
center AIMEN (Association of Metallurgical Research of the Northwest
Armando Priegue) in steel pieces heating at high temperatures for
subsequent tempering. These are pieces that require a special
strength, for which they must be heated to 1,500°C, and then
abruptly cooled.

Another MAI collaborative project, in this case with the company
Umana Innova S.L., is the numerical simulation of the thermal
behavior of the human foot in order to assist to the athletic footwear
industry.

(O  RUSSULASL.
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@ 3 years (2009-2011)

64.000 euros @
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PREDICTION or

POLLUTION EPISODES

For over twenty years, the As Pontes Power Plant collaborates

with the research group MODESTYA (Optimization Modelling,
Decision, Statistics and Applications) of the University of Santiago de
Compostela in air pollution prediction.

The activity of thermal power plants, which produce energy from coal,
has two types of environmental consequences: on the one hand, the
emission of gases to the atmosphere, mainly sulfur dioxide; and on
the other hand, an immission or deposition at ground level of these
chemical compounds. To control the immission, As Pontes power
plant operates a network of measuring stations, located within 30
kilometers of the plant, which is continuously collecting the levels of
those gases — sulfur dioxide and nitrogen oxide —.

Joining the measuring stations is a immission prediction statistical
system, developed by the research group of the Faculty of
Mathematics of Santiago de Compostela.

This computer program, known as SIPEI,
produces predictions of sulfur dioxide and
nitrogen oxides levels half an hour before they
are thrown to the environment. Thus, it makes
possible to predict a contamination event.

Moreover, this statistical system contains a module designed to
identify the source of an impaired air quality episode, since it can be
caused by other factors besides the power plant itself, such as the
traffic volume.

For the development of this tool, several methodologies have been
used (additive models, neural networks, etc.), but what is really new

Design of an immission

prediction system for the
environs of the As Pontes
U.PT. by means of neural

networks

Compostela

Optimization Modelling, @)
Decision, Statistics and

Applications (MODESTYA) of
the University of Santiago de

| Hourly average SO: concentration map in the surroundings of CT As
Pontes (historical event).

is the integrated design of an evolving computer program, which
takes into account all the power plant unique features and their
environment. In fact, this collaboration has resulted in the publication
of seven articles in scientific journals as well as five doctoral
dissertations and two others in process. Wenceslao Gonzalez, main
researcher for this project, points out that there was no similar system
designed using an advanced statistical methodology.

Endesa
o | Generacién S.A.
000

24 years
(1988-2012)

510.000 euros @
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PREDICTION orF THE

EFFECTS or ATSUNAMI

Tsunamis as occurred in 2011 in Japan or in 2004 in Indonesia

are caused by earthquakes. This type of tsunamis is generally very
destructive and therefore better known. However, there is another
kind of tsunamis, due to avalanches, which are usually of lower
amplitude than the first ones but they occur near the coast and they
are also highly destructives. In fact, the biggest wave ever measured
was the one that caused the collapse of the mountainside in Lituya
Bay in Alaska, produced by an earthquake in 1958. The wave
generated by the avalanche reached 524 meters.

The National Center for Tsunami Research, belonging to the National
Oceanic and Atmospheric Administration (NOAA), in charge of the
research of such a natural phenomena, was interested in expanding
the range and validity of their simulation models. For this reason, they
started a partnership with EDANYA, a research group of the University
of Mélaga. The aim is to develop a model to reliably predict those
tsunamis caused by underwater or subaerial avalanches.

To do this, the research group uses mathematical modeling and
numerical simulation in order to translate into mathematical equations
the physics laws that govern the behavior of the two components

For coastal or near lakes areas, classified as
risk zones, a reliable model would provide
relevant information about the type of wave
ptroduced, affected areas, time of arrival,
etc.

Modeling of Land-slide
Generated Tsunamis

Differential Equations,
Numerical Analysis and
Applications (EDANYA) of the
University of Malaga

| Numerical simulation of the
1958 mega-tsunami in Lituya
Bay (Alaska) made with the
slip model developed by
EDANYA research group
(Differential Equations,
Numerical Analysis and
Applications).

Above: Global view of the
bay.

Below: Detail of the
avalanche area that caused
the tsunami.

involved in this type of tsunamis (water and materials produced by the
collapse), and solve them with the help of a computer. In addition, this
project includes two important developments: first, it highly increases
the calculation speed by using cores of graphics cards to solve the
equations instead of computer’s central processors — the computing
power reduces the simulation time up to 250 times —. Second,
simulations can be launched via web through the HySEA platform —
currently under development —, instead of installing client software on
the users computers. This property removes issues due to installation
and software portability.

Before starting this project, EDANYA had already simulated the toxic
sludge flooding caused by broken rafts at the Aznalcoéllar mines, in
Andalusia, Spain. According to Carlos Parés — coordinator of the
group-, this experience mainly was useful to prove their flood model.

NCTR (National
Center for

—h—
Tsunami
O O O Research) of the

NOAA (National
Oceanic and Atmospheric
Administration), USA

@ 1 year (2012)
25.000 dollars @
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is PROFITABLE tHE HYDROGEN
STORAGE SYSTEM in my WIND FARM?

Wind energy brings us many advantages but also some problems,
such as the inability to regulate energy production — energy is only
produced when the wind blows —, or its storage for future release

to the electric grid at the right time. We must also add errors due

to wind prediction. Furthermore, wind energy must compete on
cost in the market with traditional energies, in a context in which
drastic aid cuts are observed to renewable energies. Currently, the
price paid by grid energy depends on whether the sale has already
been compromised before (the day before). But wind farms face a
significant challenge; energy forecasting depends on wind prediction,
which is subjected to errors.

The possibility of coupling a hydrogen storage system to a wind
farm would solve part of these problems, since it would regulate the
energy produced and put it cleanly on the grid at the time it is needed
or when it is more expensive. In addition, energy storage systems
could be used to correct wind prediction errors and provide energy
for the future.

However, not all are benefits regarding the use of hydrogen to store
wind energy. On the one hand, it requires very expensive equipment
and on the other hand, available technology is still too inefficient
from an energetic point of view — you lose more than half of the total
energy when you transform it into hydrogen for storage —.

To assess from an economic point of view the feasibility of installing
a hydrogen storage system coupled to a wind farm, the Centro
Nacional de Energias Renovables (CENER), encouraged by several
companies from the energy industry, contacted with the research
group Data, Statistics, Quality and Logistics (DECYL) of the Public
University of Navarra. The research group, led by Professor Fermin
Mallor, developed a mathematical simulation model which represents
all the elements that take part in an energy system, and the random
environment in which it evolves.

- Feasibility of a system for
energy processing and storing

- Management models of
mixed wind-hydrogen energy systems.
WindHygen software upgrade

Data, Statistics, Quality and
Logistics (DECYL) of the
Public University of Navarra

The result was a software development — WindHyGen — able to
simulate the evolution of an energy system under different storage
configurations and different wind farm management policies.

Thus, in a matter of seconds you can
simulate the evolution of a wind farm for the
next 100 years and, analyze the data, see

if it is profitable, and even determine which
technological development scenarios and
electricity prices would be more convenient.

A new feature of this model is that it allows some interactivity with the
wind farm manager. Those results in a mixed management system:
partly optimized by mathematical models, and partly customized

to the extent that reflects the manager ideas and needs. Currently,
this research continues with the study of how to simulate the errors
in wind prediction and how to statistically model them. In addition,
DECYL has conducted other research projects in this area, as the
development of a new methodology for classifying solar days, as a
first step towards their simulation to evaluate a possible location for a
solar farm.

National
Renewable

Energy Centre
OOO (CENER)

@ 4 years (2007-2010)
40.000 euros @

and others
companies of the
electric sector
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SIMULATION oF FLow

IN RIVERS AND ESTUARIES

To study, among other aspects, how pollutants are dispersed and
transported through the water, or how erosion processes in river
basins are, the application of hydrodynamics to the study of rivers and
estuaries is of great importance. Numerical models become very useful
tools for studying such problems, due to the complexity of performing
the relevant laboratory tests, as well as the high costs of conducting
field measurements. Moreover, numerical simulation may predict the
impact that future-engineering actions can cause, and evaluate different
hypothetical scenarios at considerably lower costs, both temporal and
economic.

The Applied Mathematics Department of the University of Santiago de
Compostela, started working in this area in 1986 through a contract
with the Conselleria de Ordenacion do Territorio e Obras Publicas
(department of the Galician regional government responsible for public
works and land). The organization was interested in the construction
and location of underwater drains on the coast of Galicia, Spain. To
identify the optimal locations for these drains, they had to study the
ocean currents in that area. That required determining the depth and
average vertical velocity. In addition, it was needed the application of

a mathematical model to calculate the evolution of dissolved oxygen
and biological oxygen demand (quantity of matter capable of being
consumed by biological media in a liquid sample). Furthermore, they
should formulate and solve optimization problems.

At that time, there was no commercial software capable of solving this
type of problem. That encouraged the research group in Mathematical
Engineering (mat+i), led by Professor Alfredo Bermudez de Castro, to
develop their own codes. On the one hand, the SOS toolbox, based on
finite elements methods, which also includes plant treatment systems
optimization. On the other hand, the TURBILLON code, registered in

Numerical simulation of
the evolution of pollutant
discharges in the Galician
rias

Research Group in

Mathematical Engineering
(mat+i) of the University of
Santiago de Compostela

2005 by the Universities of Corufia and Santiago de Compostela, based
on the finite volumes method, which has been used to model shallow
water flows in many coastal areas and rivers around the world, such as
the Arousa and O Barqueiro rias in Galicia, or the Strait of Gibraltar, Ebro
river, Crounch estuary in the UK, ...

Currently, the TURBILLON code is integrated into a more comprehensive
software solution, known as IBER, which allows the simulation of flow

in rivers. This model emerged in response to the interest shown by the
Centro de Estudios Hidrograficos del CEDEX (Centro de Estudios y
Experimentacon de Obras Publicas), under the Ministerio de Fomento,
Government of Spain. They needed a tool to facilitate the application of
the effective legislation on waters.

IBER, which is available worldwide via the
Internet on the link www.iberaula.es, allows
the identification of flooding zones around
rivers, the limitation of draining ditches or
the Water Public Domain zones, the study of
sediment transport, etc.

Some applications of this software are the assess of flooding areas at
the mouth of Louro river (Pontevedra, Spain), the hydrodynamic study
of the construction work planned in the port of Tarragona, Spain or the
study of flooding in the Principality of Andorra. Elena Vazquez Cendon,
research member of mat-+i, highlights the warm welcome that IBER
received from the hydrographic confederations, since it is also a very
competitive solution versus other commercial software much more
expensive, like Mike.

@)

Conselleria de

@ 1 year (1990-1991)
24.000 euros @

r~fj=y Ordenacion
000

do Territorio e
Obras Publicas
of the Xunta de
Galicia
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PREDICTION or WILDFIRES

In recent years, the wildfire phenomenon has reached important
dimensions in the Iberian Peninsula with its consequent
environmental, economic and social impact. In this context, the
research group Statistical Modelling of Environmental Problems
(MODESMAN) of the University Jaume | of Castellén proposed to the
competent authorities in the Valencian Community — Generalitat and
County — the possibility of collaboration on fires prediction.
MODESMAN had previous experience in solving environmental
problems from a Statistical point of view. Therefore, even though
there was hardly any international experience on wildfires modeling
—only one research group in California was working in this area -,
they undertook to design a new tool to analyze and predict this
phenomenon. The first step was to collect and analyze data from all
fires that had occurred in Valencia in the last fifteen or twenty years.
The information collected included not only the place and the time
when the fire had occurred, but also its duration, the number of acres
burned, the type of trees or bushes affected, meteorological variables,
etc. With all this information, the mathematicians involved in the
project provided a set of statistical models (probabilistic stochastic
models with space-time evolution) to analyze incipient fires, as well as
their concentration and spread.

The result was a system to predict, based
on a number of variables, the probability of
potential wildfire outbreaks.

Wildfires spatio-temporal
modeling

Statistical Modelling of O
Environmental Problems Group
(MODESMAN) of the University
Jaume | of Castellon

According to Jorge Mateu, principal researcher of MODESMAN
group, “the model fits reality quite well, and we know that it was being
used by the Valencian administration as a decision making tool”.
“One advantage of this model was that it contained an alert system”,
explained Professor Mateu, “so that when summer time came,
depending on a number of meteorological variables, as adverse
winds with specific component, very low relative humidity, high
temperatures, etc., the model launched a warning sign informing
about the high probability of incipient fire at a certain type of
vegetation. This application was very useful for the authorities, for they
could anticipate to a future crisis”.

This contract with Valencian Administration ended in 2008, but they
currently continue to improve their models from a mathematical point
of view. Also, they are spreading their use to more regions, in close
cooperation with Statistics research groups from other universities of
different autonomous communities (Catalonia, Galicia and Castilla-
La Mancha). The novelty of their research has created a golden
opportunity for applying to their first action at European level. In
addition to the field of forest fires, MODESMAN group has worked

in solving other environmental challenges, such as spatiotemporal
prediction of groundwater pollutants, or aquifers contamination from
wastewater.

Consejeria de
: Medio Ambiente
of the Valencian
OOO Community,
Fundacion
Davalos-Fletcher and
Diputacié de Castell6

@ 3 years (2005-2008)
20.000 euros @



Mathematics applied to the
Logistics and Transport sectors

One of the weaknesses of the logistics and transport sector in

Spain is its reluctance to introduce technological innovations and
developments. Today, this sector faces a significant competition and
they need to improve their competitiveness by applying optimization
measures in their processes and activities. But this necessity to be
efficient and optimize resources is not unique to that business sector;
also administrations and public companies are required to pursue
this goal in order to achieve a more efficient management of public
resources.

In pursuing this goal, Mathematics — especially through Operations
Research and optimization methods — offers solutions to many

problems arising in the field of logistics and planning. Since 1996,
different research groups involved in the i-MATH project conducted
up to 37 cooperation agreements with companies, both in industrial
research projects and training. That is why this sector constitutes the
fifth sector in terms of business volume?. Another relevant fact is that
there are a total of 41 research groups in Spain providing consulting
services for this sector. Below, we discuss some examples of success
stories involving this kind of Mathematics — Industry collaboration.

2 Data extracted from Soluciones Matematicas para Empresas Innovadoras. Catalogo de servicios ofertados por investigadores espafoles. Quintela, Peregrina; Parente, Guadalupe;

Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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REDUCTION or NOISE
AND VIBRATIONS N BUSES

The firm Castrosua, dedicated to build bus bodies, aims, among
other things, to improve vehicle comfort and reliability. Therefore,

it is interested in reducing noise inside the passengers’cabin, and
minimizing those vibrations supported by the structure of their
vehicles.

An experimental analysis of the problem requires the fabrication of
prototypes with different vibro-acoustic solutions (different materials,
alternative geometries, etc.). Using a trial-error, it should be checked
their effect on noise levels and vibrations. That means considerably
high costs for the company, not only in resources but also in time.

In contrast, numerical simulation only requires virtual trials, so it
represents a flexible and low cost working tool to develop and
evaluate vibro-acoustic properties in new vehicles.

To use this type of methodologies, the company Castrosua contacted
the research group Ingenieria Matematica (mat-+i) of the University of
Santiago de Compostela, which propose an effective solution based
on mathematical modeling and numerical simulation.

The study was carried out in stages. The first step was the
mathematical modeling of the vehicle (both passenger cabin and
beams and plates structure), taking into account all the materials
used on the bus (also characterized acoustically). After the coupled
acoustic-structural model was defined, they used the finite element
method to obtain an approximate solution of both the sound pressure
in the passenger cabin and the displacements in the structure
generated by the engine running.

oy, ‘ap

| Sound pressure simulation on busses.

I
|

Development and
implementation of NVH
systems for reducing noise
and vibration in buses

Research Group in
Mathematical Engineering
(mat+i) of the University of
Santiago de Compostela

Once the vehicle was characterized and those areas with an
important noise level and vibrations were known, different acoustic
solutions were proposed to the company (based on passive coatings
of absorbent materials). Each of them was the subject of different
numerical simulations aimed to assess the effectiveness of a variety
of geometric configurations, different materials, etc. As a result, they
proposed a new vehicle configuration, incorporate new materials
and a distribution of patches of absorbent multilayer materials placed
in the most sensitive areas in order to achieve noise and vibration
reduction.

As a result of this farojept, the company
currently has a calculation methodology to
redict, desgn_and optimize the acoustic

ehavior of their vehicles.

Carrocera

= Castrosua
000

@ 4 years (2007-2011)

251.000 euros @
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OPTIMIZATION or HEALTH

SERVICES SUPPLY

Castilla and Ledn is one of the largest regions in Europe. The extensive
population, scattered in small villages through the whole territory, calls
for a streamlining of part of the service supply. Specifically, the need to
optimize the location of the primary health care services was raised by
the Health Service of Castilla and Ledn (SACYL), in a context of limited
resources (financial, material, human, etc.). They tried to achieve a
twofold objective: to maximize coverage, that means, reaching as
many people as possible; and to minimize traveling time.

With this goal in mind, the Health administration contacted the
research group Optimization Solutions Group (GSO) of the University
of Valladolid. The challenges were basically to effectively identify the
service points, and to match demand with service points, through the
optimization of some parameters, such as distance, time, etc. They
should take into account that there are different types of care units

— offices, health centers, hospitals ... -, and that each of them will
provide only certain services. For example, some offices only count
on one GP, while in many health centers there are, in addition to GPs,
additional services such as nursing, pediatrics, etc.

To solve these problems, the research group built a location
optimization model, a technique of wide application in the logistics
and transport sector, for example in the design of distribution logistics
networks. As noted by Pedro César Alvarez, one of the researchers
working on the project, “this is a novel solution, to the extent that

in Spain is the first time that optimization techniques are used in
healthcare administration”.

The final product was a powerful computer program, known as
ProasCyL (Optimization Program of Heatlthcare Assistance of Castilla
and Leon), which serves as a decision making tool regarding the
optimal location of health services in primary care. This program
integrates a graphical interface with maps where all health resources
are pinpointed, as well as optimization models and different data
sources, previously dispersed.

Proascyl (Program for the
Optimization of the Health

Assitance in Castilla and Leon) Valladolid

Optimization Solutions Group
(GSO) of the University of

Due to its friendly interface and the integration
of all those data, it has become an essential
tool in the management of health services

in the autonomous community. On the one
hand, it facilitates the administration and
management of health resources, and on

the other hand, decisions are based on more
objective criteria.

In fact, they are working on expanding this tool to other areas of
health management, not just primary care, but also to specialized
care. Marcelino Galindo, head of the department of organization

and operation of the Regional Health Management of Castilla and
Ledn, recognizes that ProasCyL has been and remains being a very
useful tool in health care management for their community.“We have
provided to users several features in an optimal way, which mainly
inferred displacement reduction. This in turn results in saving time and
money” , he says.

Currently, the GSO research group is working with another company;,
Thales, and the Social Services of Castilla and Ledn in a new project
related to the implementation of modules for planning contracts and
work shifts, developing an application for managing hospitals.

O Gerencia de

=y Salud de Castilla
OOQ v Leon (SACYL)

@ 6 years (2006-2012)

90.000 euros @
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IMPROVING HUMAN
RESOURCE MANAGEMENT

Human resources management in companies uses to be performed
manually, although nowadays there are some software packages

on the market to automate certain decisions. However, a problem
arises when many variables come into play, since its management
gets more complicated. This is the case, for example, of the staff
management in the Basque company Euskotren, engaged in
transporting passengers by train, tram and bus across the Basque
Country.

Train drivers have an annual work schedule divided into shifts, which
can be morning, noon and night. These sessions not always have

the same length. Depending on the fraction of the day and the day

of the week, the number of the shifts is different. They also have to
keep in mind certain legal limitations contained in the company’s labor
agreement. Based on these assumptions, Euskotren commissioned
the allocation of working shifts in the most equitable way to the
research group Mathematical Technology Transfer (TTM) of the
University of the Basque Country. To that end, the researchers applied
modeling and optimization techniques and developed a computer
program capable of managing human resources, taking into account
all the peculiarities of the case.

The advantages of applying this tool instead
of working manually are clear: first, it is faster;
second, distributions are more equitable;

and finally, it allows the company to make
simulations to test hypotheses.

- Annual task list for bus drivers

and tram agents

- Annual task list for Euskotren

shift workers

- Allocation of work days for

Euskotren train agents
- Annual work planning for Euskotren train
and tram agents (2010)

Mathematical Technology
Transfer Group (TTM) of the
University of the Pais Vasco

Furthermore, this research group led two other similar projects with
Bilbao subway and FEVE (Spanish Narrow-Gauge Railways). For

the subway they helped the company with its drivers work shifts
planning. As for the FEVE, the contract was intended to manage the
location and movement of staff station. They found that some stations
counted with less staff than they needed, while others had a surplus,
so relocation was required among stations within the same province,
with the objective of minimize displacements and respect working
conditions.

Although it is perhaps one of the most complex environments,

this optimization model of human resources management is not
exclusively applied to the transport sector. Many other sectors

might benefit from its application, such as Health. In fact, the TTM
research group is already holding talks with the Health Management
Department in Vizcaya to implement a similar tool. Another application
for this sector would be the optimal use of operating rooms. Using
optimization models as the one developed by TTM, waiting lists could
be shortened, since operating room occupancy is optimized on the
basis of medical equipment availability and also adding a contingency
reserve to the schedule.

O Euskotren

r~—
000

@ 2-3 years
50.000 euros @
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MORE EFFICIENT GRANITE
CUTTING TECHNIQUES

Imagine having a backpack in which you cannot fit all the objects you
want to get inside. You will have to make a selection. Obviously, you
will try to keep those with higher value, but it might occur that one of
these valuable objects occupies a large volume of the backpack, and
it does not allow including more items. In a situation like that, the best
option would be to select the appropriate objects, so that the total
value of the goods stored in the backpack is as higher as possible.
This classic problem, known in mathematical jargon as “knapsack
problem”, is the basis for the resolution of many challenges, as the
one at stake here. The Granitos Montefaro Company is located in
Pontevedra, Spain. They wanted to optimize the cut of stone blocks
in order to waste as little granite as possible.

Until that time, there was only one person in charge of planning the
entire cutting process - since the stone block was obtained until it
was cut -, but he had to pay attention to many factors, not just make
the most of the stone. Besides, performing this task by themselves
led to an important waste of time for the staff. “Obviously, these
people were very experienced — recognizes Francisco Pena, research
member of the mat+i group — but if they had a software tool to
undertake this process they would save much time.”

In order to save time and optimize the cutting process, the company
consulted the research group Mathematical Engineering of the
University of Santiago de Compostela (mat+i). This group developed
a software tool, based on operations research techniques for solving
“packing” problems. Their software calculates the optimal cutting
and reduces the total time spent in the calculation. These techniques
are commonly known as “packing” because their aim is to pack into
a given space as many elements as possible. In this case, those

Development of the
OPTICORTE application
for granite blocks cut
optimization

Research Group in
Mathematical Engineering
(mat+i) of the University of
Santiago de Compostela

elements are tiles, and the processes applied are cutting or removing
instead of packing, but the mathematical methods are the same.
Other potential applications of these techniques are, for example,
the optimization of goods storage or the prioritization of tasks in an
industrial process.

The software has a MS Excel interface, the
same software that the compang uses to
record the orders, so that once they write
down the order, the application will calculate
the most convenient way to cut the stone just
by pressing a button.

Using such a friendly interface, no mathematical knowledge is
required by the staff that manages the program. As Francisco

Pena explains “this is a fairly common line in our department - the
department of Applied Mathematics at the USC -, we not only solve
the mathematical problem but also try to give the company that
requires the solution a user-friendly tool”.

Furthermore, as their collaboration progressed they realized that the
tool could solve other problems; for example, from time to time, there
is always a stone block with a small crack. In that situation, they
need to recalculate again the whole cutting process. The application
does it for them automatically, without the loss of time for manually
performing that task.

@) Granitos
I-|-I Montefaro S.L.
000

@ 1 year (2006)

6.000 euros @
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The Information and Communications Technologies is one of the ability to survive and grow. Proof of this is that in the last fifteen years
sectors where innovation and technology are more embedded. there were signed more than 45 contracts between universities and
However, the growth that this sector had experienced in the last companies to develop R&D projects. This is the second area with
decade has stalled and even started to decline from 2009 on both greater number of mathematical research groups providing consulting
turnover and employment rate. To overcome this difficulty situation, services®. Below we show some examples of good practices in this
companies need to be increasingly competitive and provide added university-industry collaboration.

value to their products or services.

In this regard, the application of mathematical technology developed
by research groups with technology transfer expertise may be useful
to increase the competitiveness of companies and, therefore, its

SData extracted from Soluciones Matematicas para Empresas Innovadoras. Catalogo de servicios ofertados por investigadores espafioles. Quintela, Peregrina; Parente, Guadalupe;
Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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EVALUATION or THE EFFECTIVENESS
oF DRUGS AGAINST ALZHEIMER

One sympthom of neurodegenerative diseases such as Alzheimer’s is
that the synaptic density of neurons drops, i.e., the connections between
them decreases. At the Center for Biomedical Research of La Rioja
(CIBIR) they perform laboratory tests on rodents to study how the brain
structure of those animals evolves through the administration of certain
drugs. To that end, brain samples are taken and photographed using high
precision microscopes. The objective is identify in the brain fragments
photos those synapses, that are graphically displayed as small bumps in
the dendrites (branches coming out of the nucleus of neurons).

CIBIR biologists used to identify one by one all the points where
synapses produced. Then, the computer recounted those points.
This manual procedure involved a major time waste, and biologists’
contribution was negligible because it was a simple mechanical work.
To solve this problem, CIBIR scientists came to Programming and
Computer Algebra (Psycotrip) research group of the University of La
Rioja, to try to get a program that automatically process these images.
The problem is that something easily recognizable to the human eye,
as the structure of the neuron and the connection points between
them, is more complex to recognize by a machine. To solve the
problem, the research group of mathematicians, led by Professor
Julio Rubio, used topological techniques in processing these images.

The telecommunications company Knet
placed in La Rioja also collaborates in the
project by providing the necessary computing
Infrastructure for massive processing of digital
images. In addition, this partnership opens
up in the medium term to a new service

that could be interesting for pharmaceutical
companies and mMicroscopy.

RiojaSpine

Research Group in
Programming and Symbolic
Computation of the
University of La Rioja

Nowadays, research continues by trying the program not only to
identify those connections but also classify those protuberances

— spines — on the basis of their morphology, since it is known that
synaptic density is not the only factor affecting the development of
diseases such as Alzheimer’s, but also the form of these spines is a
sign of the degree of disease progression. The aim is to move from
quantitative analysis in which the program was limited to count the
connections/protuberances, to qualitative analysis, which must also
recognize and classify these protuberances by shape.

| A neuron image marked
for the analysis of synaptic
density.

Centro de
Investigacion
Biomédica de La

OQOO Rioja (CIBIR) and

@ 2011-2012

Knet
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HOW VULNERABLE is A

COMMUNICATIONS

A telecommunications network such as the SDH network
(international standard for high-capacity optical telecommunications
networks) of Telefénica in Spain, is a complex system, as the Internet,
social networks and organizations. These systems are characterized
by being composed of a large number of interrelated elements,

so that many of their properties cannot be understood in isolation,
but only as a whole. In this sense, mathematics may contribute to
reproduce and analyze their properties and even make predictions
about their behavior against failure and its future evolution.

One of the methods of analysis of these systems is the Network
Theory. Telefénica | + D was interested in conducting a study about

the characteristics of the optical fiber network from this point of view
by studying its topological properties, such as robustness, vulnerability
or evolution and growth patterns. To that end, they contacted to the
Complex Systems Group of the Polytechnic University of Madrid. For
this research team this project was a challenge to the extent that it was
the first time they addressed a study of a physical network, such as the
optical communications network of Telefonica, from the perspective of
Graph Theory and Complex Networks.

During the project development, they carried out an analysis of both
the structural and dynamic properties of the network. The main
conclusions were that this network had a scale-free structure, which
results in high strength of its connections against random node
removing (in these kind of networks, it is more likely to remove loosely
connected nodes than those highly connected). Also, it had small-
world properties, which means that the average distance between
any pair of nodes not directly connected is small. This feature
provides networks of high efficiency in data transmission. In addition,

Study of complex
systems. Application to the

technological domain University of Madrid

Complex System Group
(GSCUPM) of the Polytechnic

NETWORK?

the GSCUPM developed a model for the company that predicts

the system behavior as a function of certain parameters by using
simulation techniques. According to the project’s principal research,
Maria Rosa Benito, thanks to this partnership the company had the
opportunity to know in depth the communications network dynamic
of growing and organization, while making use of a model that allows
to perform different simulations.

But this approach is not only applicable to communication

networks. It can also be applied to other complex systems, such as
ecosystems, societies or organizations, among others. For the latter
case, the GSCUPM research group held another partnership with
the company GESAN, dedicated to the manufacture and marketing
of generators, in which they analyzed the company from the point of
view of the Complex Networks Theory.

Companies are part of a complex economy formed by many kinds of
institutions and firms. Such a complex system could be comparable
to a network in which the nodes are the companies themselves and
the links the relationships between them. For a company, it is very
useful to deeply understand the large network where it is moving and
its place within it.

Network theory helps companies to know
their position in the network (the market) and
thus, to get very useful information, such as
the identification of strengths, weaknesses or
any target markets, as well as determine future
threats hidden to other analysis techniques.

Telefonica I+D

@)
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RESOLUTION oF THE DEPTH

SATELLITE IMAGES

Computer Stereovision is the identification of the depth of a picture
from different views of it; that is, turn it into a 3D image. This is one
of the main problems in computer vision and has been an active
subject of research in the last forty years. Stereovision is based on
the fact that depth differences in three-dimensional scenes create
geometric disparity among views of the same scene taken from
different viewpoints. Stereoscopic numerical methods start from a
pair of images of the same scene and reconstruct their relief by using
a parallax method that consists in comparing a pixel block of the first
image with all the blocks of the second one to obtain the maximum
correlation between them. But this system brings the problem of
adherence (or fattening) when two sets of points with two different
heights are found in the block of the first image (for example, the roof
of a building and the garden of the house). This adherence effect
causes an apparent expansion of the objects in the foreground and a
leveling of the sloping ceilings in their surroundings: that is known as
the fattening effect.

The research group Processing and Mathematical Analysis of

Digital Images (TAMI) of the Universitat des llles Balears is part of a
network (MISS) engaged in the study of some problems proposed
by CNES (National Centre for Space Studies), in France related to
the reconstruction of relief from satellite images. The CNES was
interested in calculating disparities from pairs of digital images
captured by their space satellites. To solve this problem, TAMI
proposed a process of correspondences between a first digital image

- Adherence correction for
adaptive window

- Optimization/compression
onboard and restoration on
ground and on stereo at low b/h

Islas Baleares

Processing and Mathematical
Analysis of Digital Images
(TAMI) of the University of the

and a second one from the same scene. This process prevents the
adherence or fattening effect from happening. The final result of the
project that resulted in a patent was the definition of the distance
between blocks, which prevents the adhesion. That keeps a fixed
form of comparison block. Simultaneously, it allows comparing
without any exception all image blocks by attributing them the
disparity to the center of the block.

Another project that TAMI group developed for the CNES is related
to the compression of satellite images before sending them to Earth
for processing. This research project compared two compression
schemes: the standards JPEG and JPEG2000 with their proposal
based on image regularization (invariant under translations, based on
an image sub-sampling after applying an anti-aliasing Gaussian filter).
The conclusion reached is that the second compression system is
better for satellite images aimed to disparity letter, since JPEG may
give rise to problems when calculating the disparity letter. Quantitative
comparison for these two strategies shows that JPEG algorithms
need to compress twice times less to achieve the same accuracy.
Finally, TAMI is also in partnership with the French company DxO
Labs in the field of digital photo restoration. DxO Labs is dedicated to
the development of software and other products for restoration and
processing of digital images applied to cameras and next generation
mobiles. This collaboration is focused on noise removal problems -
denoising -, color highlight issues and 3D for mobile phones.

@)

French National

pr~j= Centre for Space

OQQ Studies (CNES)

@ 2008 - 2012
70.000 euros @
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In recent years, the Spanish financial sector has undergone a major For the last 15 years, the research groups involved in the i-MATH
transformation. The deep economic crisis that has engulfed Europe project carried out about 30 technology transfer activities in the
forced the Government of Spain to undertake a restructuring of Economics and Finance sector, including research contracts with

the banking sector. This requires financial institutions to become industry and training courses. Besides, up to 17 of these groups
increasingly competitive to survive in this changing context of provide consulting services aimed at this area*. Below we discuss
continuous reforms. In this situation, mathematics can provide to some examples of good practices developed in partnerships between
financial institutions a valuable help to optimize their management those research groups and the business sector about the resolution
processes and increase their competitiveness. Some of the of practical problems that have been successfully solved by using
applications of mathematical models for this sector allow, for mathematical applications.

example, to predict the evolution of interest rates or the price of
financial assets, optimize insurance coverage portfolios or predict the
evolution of housing prices in a given area.

“4Data extracted from Soluciones Matematicas para Empresas Innovadoras. Catalogo de servicios ofertados por investigadores espafioles. Quintela, Peregrina; Parente, Guadalupe;
Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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QUICK anp EFFECTIVE
PREDICTION or STOCK MARKET

Whether individuals or companies, when savers invest in stock
market, they seek to make this investment a profitability driver.

This is particularly true in the case of banks or financial institutions,
that manage a large amount of money from the savings of many
customers. In 2002 Caixa Galicia Foundation contacted with the
research group Optimization Modeling, Decision, Statistics and
Applications (MODESTYA) at the Faculty of Mathematics of the
University of Santiago de Compostela (USC), in order to predict stock
prices to optimize the design of its investment in financial assets
(loans, stocks, bonds, bank deposits, etc.).

MODESTYA was asked to obtain mechanisms to make good
predictions in the evolution of financial assets. That would facilitate
the optimal distribution of the investment and turn the company to
greater profitability. To better choose those financial assets, a good
prediction of its future evolution was required.

To achieve this, a group of researchers led by a Professor of Statistics
of the USC, Wenceslao Gonzalez Manteiga, working in collaboration
with the Department of Economic Analysis of the same University,
started with the design of specific mechanisms, based on their own
software, potentially useful for Caixa Galicia in the management of
their investment decisions. Among others, one of the mathematical
techniques used was neural networks. This methodology, with
applications in many fields, such as hydrology, starts with some
initial information, which may be the current value of the assets,
economic environment, etc. The data are entered into a previously
programmed algorithm - known as black box in neural networks -,
that automatically extracts a decision.

In this case the client institution expected to get the right choice as
soon as possible in order to continue making decisions. Thus, the
neural network should not be too complex, since predictions had to
be as good as quick to immediately redesign the investment portfolio.

Analysis and prediction of
financial assets prices

Compostela

Optimization Modelling, @)
Decision, Statistics and

Applications (MODESTYA) of
the University of Santiago de

Berw e e by Bl w200V
R i

| Modeling and prediction
of Mobile CKLS - Euribor 6
months.

The main innovation in this project was the
application of new statistical and econometric
methodologies to refine predictions.

The resulting product was a tool, based on free software, which
was licensed to Caixa Galicia. The software allows them to make
real-time decisions, based on quick and effective prediction of
financial assets. “Although”, as the principal research, Wenceslao
Gonzalez acknowledged, “the total benefits issued by the use of this
tool are unknown, it is obvious that if these prediction mechanisms
work successfully, the investment would be profitable.” This project
continued with a second partnership.

Fundacion

@ 2002-2004
54.993 euros @

o o | Caixa Galicia
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OPTIMIZATION or

CASH MANAGEMENT in BANKS

A common problem for the banking sector is to control cash reserve.

This term refers to the cash deposited in bank offices and ATMs to
meet the demand of its customers. This keeps being an inventory
problem shared by many other sectors, but involving the special
features for the product at issue: cash.

The management of cash reserve must first ensure that there are
enough cash reserves to cope with the money needs expected for
a given period of time. Second, the reserve must be generated at
the lowest possible cost, because if the cash reserve is too large,
the money accumulated in the branch office would not be producing
any benefit. We must also take into account other factors, such as
security and logistics costs.

Until that time, the cash reserve management was being done
without any technological support, based on the experience of the
head of the branch office. This sometimes brought undesirable
situations, like having to pay back to the central office part of the
money reserved or not having enough cash to meet the demand,
which results in associated costs.

To solve this problem, the company Promainsur, specialized in the
development of ICT solutions for the banking industry, approached
to the Optimization Research Group (GIOPTIM) of the University of
Seville, and explained its need to develop mathematical models for
the optimization of the cash requested from various branches by
minimizing the costs associated with the whole process (handling,
transport security companies, insurance, cash assets, etc..). To
optimally determine the amount of cash that should be requested to
the central office and the right moment of time to make the request,
the researchers involved worked in two lines: the estimation of cash
demand and inventory management.

- Development of a
mathematical model to
optimize cash reserve in bank
offices
- Review and update of aid decision
making models for optimizing cash reserve
in bank offices

Sevilla

Optimization Research Group O
(GIOPTIM) of the University of

To estimate the demand, different variables affecting its value were
taken into account, such as the day of the week, period of the month,
local holidays, etc. Using what is known as regression models, each
variable was given a relative weight, whose value was determined
individually for each ATM and window given its past activities.

For inventory management, a new model was developed. It set upper
and lower limits to activate, within the chosen planning horizon,

a certain decision to place an order or send cash, by taking into
account the level of cash available and forecast demand. These limits
were updated periodically based on historical information, so that the
average management cost of the system was as small as possible.
According to Professor Blanquero, GIOPTIM principal researcher,
“This collaboration has shown the existence of decision-making
processes that can be significantly improved by the application of
optimization models and techniques. It represents a precedent for the
use of mathematical optimization in this sector.”

The final development of the project was
implanted in two financial institutions and
integrated into a banking office management
system via web.

Promainsur S.A.

5 months between
2001 and 2004

r~
000
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PREDICTION or THE NUMBER
oF LOSSES ano THEIR COST

A common problem at insurance companies and large corporations
with many insurance policies covering part or all their activities is to
predict the number and cost of losses that will occur in a given period
of time in the future. This information is needed for decision-making
on the design of insurance policies to be followed by both large
companies and insurance businesses. The research group MODES
of the University of A Corufia, together with Inditex group, developed
a computer application, AG.LOSS that proposes a solution to this
problem.

The project aimed to predict the number of accidents that would
occur in the future, during a certain period of time, as well as their
cost. They used the classification of different types of accidents by
category and historical information from previous years.

It was a complex problem because of the absence of complete
information. Besides, the data were not stationary (i.e. their behavior
varied with time).

“MODES group proposed a solution using alternative techniques

(in particular, by combining non-parametric estimation techniques,
simulation and resampling techniques), which had not been previously
used to solve this basic problem of the actuarial field”, as said Juan
Vilar, member of the research group.

Stochastic modeling of losses:
the Inditex Group case

Modelling and Statistical
Inference (MODES) of the
University of A Coruia

The AG.LOSS tool allows getting statistical information about the
total cost of the accidents that will happen in a given period of time,
based on the information of the claims occurred in the past (time of
occurrence and claim costs). This application also allows obtaining
information from each sector in which there have been classified
losses, and their total number. This makes AG.LOSS a powerful tool
for resolving insurance problems. It is also useful for its application to
other aggregate losses models (adding the costs of many accidents);
for example, to estimate operational risks in financial institutions.

The tool developed by MODES was used

by the Risk Management department of the

Inditex Group. It aimed to define their risks

gohcy and estimate the expected future results
y using simulation techniques.

According to sources in the company, “this collaboration allowed a
more accurate estimate on a complex simulation problem”. In this
sense, they are fully satisfied with their partnership with the University.
They highlight the effort made by the research group to deeply
understand the actual details of the business and bring the theoretical
concepts to the modeling of the complex reality.

O Industriade
Disefio Textil,

' I ' S.A. (INDITEX)

About a year, in
two stages (2005,
2007)
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VALUATION or
FINANCIAL ASSETS

The correct valuation of financial assets by an entity that provides
them in its products portfolio is critical for their management. It allows
not only management optimization but also the associated risk
management. It also helps to prevent those losses due to an incorrect
measurement and estimation of financial market transactions. At
NovaGalicia Banco existed certain financial products for those clients
who did not have a daily and automatic valuation in their systems, as
well as for those who wanted to develop a tool capable of measuring
these valuations in an optimal time, since professional standard
software did not allow it. Among these financial products, there

were some options related to structured products provided by the
commercial offices network.

To develop such an instrument, the Systems Department of
NovaGalicia Banco requested the collaboration of a research

team involving researchers from three universities in Galicia (A
Corufia, Santiago de Compostela and Vigo) in the areas of Applied
Mathematics, Economics and Statistics. The researchers used a
variety of techniques to solve the problem, such as Monte Carlo
Simulation or the geometric Brownian process, as well as new
techniques such as copula methods, Markov Switching or Brownian
Bridge. Although these techniques are frequently used in commercial
financial software, they do not incorporate the products considered in
this project.

Development of an optimal
infrastructure for modeling
and valuation of financial
options related to structured
products

Numerical Models and
Methods in Engineering and
Applied Sciences (M2NICA)
of the University of A Coruna

As a result of this investigation, a robust
and flexible software tool was obtained that
allows NovaGalicia Banco to have its own
assessments for complex financial products
and to optimize accounting control and risk
management.

This factor gives a differential value to NovaGalicia Banco as
compared with other financial institutions of its size, because few
entities choose to develop their own valuation models. In the words
of the representatives of the company, “the project has been a
resounding success. It finished with the implementation of the
developed infrastructure in the bank area of Treasury/Markets. That
provided a scalable, flexible and optimal tool to predict the value of
complex financial products and/or design financial products based on
previous models that makes it possible to know the future behavior of
the product by using estimated valuations”.

2009 and
2011-2012

@)

NovaGalicia

About 75 000 euros @
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Mathematics applied to the
Biomedicine and Health sectors

According to the Survey on Social Perception of Science in Spain
2010 held by the Spanish Foundation for Science and Technology
(FECYT), the main advantage of scientific and technological progress
perceived by the Spanish Society is its potential to combat diseases.

The Spanish Society recognizes this advantage of science and
technology more clearly than other possible contributions such as
economic development or environmental conservation. In the area
of fighting against disease, Mathematics can also help to improve
knowledge and develop technology applicable to the Biotechnology
and Health sectors.

Specifically, those research groups involved in the i-MATH project
with experience in technology transfer have conducted more than
40 research contracts and training courses in collaboration with the
Biotechnology and Health industry for the last 15 years. Currently,

a total of 33 research groups provide consulting services aimed at
this sector®. Below we discuss some examples of good practices in
partnership between the research groups and the business sectors
for the resolution of practical problems successfully resolved through
Mathematics.

Data extracted from Soluciones Mateméticas para Empresas Innovadoras. Catélogo de servicios ofertados por investigadores espafioles. Quintela, Peregrina; Parente, Guadalupe;

Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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EPIDAT: STATISTICS FoRr THE
TREATMENT or EPIDEMIOLOGIC DATA

The Epidemiology service of the Conselleria de Sanidade of the Xunta
de Galicia (Government of Galica, Spain), which deals with the study
and control of diseases, has a wealth of information on the incidence
of diseases in the population of Galicia. This information needs to be
analyzed and treated to obtain useful conclusions and predict and
control the factors related to public health.

To solve this problem, there is a branch of Statistics known

as Biostatistics, which is responsible for responding, from a
Mathematical point of view, to emerging needs in the field of life
sciences (Medicine, Biology, etc.).

In the early 90s, the service of Epidemiology, aware of its need for
statistical advice for the analysis of epidemiological data, established
a collaboration agreement with the Biostatistics Unit, part of

the research group Optimization Modelling, Decision, Statistics

and Applications (MODESTYA) of the University of Santiago de
Compostela. This agreement was first signed in 1992 and annually
renewed until 2010.

One result of this partnership was the development of Epidat, a
freeware program that applies modern statistical methods to the
analysis of epidemiological data. It also had the institutional support of
the Pan American Health Organization.

Epidat is a program with a long history that
was developed over two decades of work and
guaranteed by four versions. It had a great
Impact, with over 25,000 current users spread
across nearly 70 countries, and a high degree
of satisfaction expressed by them.

Technological support and
development of training
activities on statistical
data analysis applied to

Epidemiology

Compostela

Optimization Modelling,
Decision, Statistics and
Applications (MODESTYA) of
the University of Santiago de
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Some examples its use may be the development of indicators to
assess the effectiveness of diagnostic tests when detecting diseases,
studies of correlation between diseases and exposure to risk factors
-such as tobacco exposure and lung cancer-, study of disease
outbreaks - such as flu outbreaks-, the selection of samples for
surveys and subsequent data analysis, or the study of mortality rates.

An example of the impact of Biostatistics development on
MODESTYA was the creation of the National Network of Biostatistics
BIOSTATNET, which connects national and international experts

in this field. Professor Carmen Cadarso Suarez of the University of
Santiago de Compostela currently coordinates this network.

O Direccion Xeral
de Innovacion e

OOO Xesti_én da Saude
Publica of the
Conselleria de Sanidade at
the Xunta de Galicia

@ 19 years (1992-2010)

Greater than
300 000 euros
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NUMERICAL SIMULATION
INDENTISTRY ano ORTHODONTICS

Bones growth and formation is related to the stresses they are
subject that result in chemical reactions in the bone cells responsible
for their evolution. Based on this premise, a team of surgeons
orthodontists of the Faculty of Medicine at the University of Santiago
de Compostela, led by Professor David Suarez Quintanilla, were
interested in the numerical simulation of the biomechanical behavior
of the human jaw, identify the stresses and strains for different
mechanical processes (bites, implants, brackets, tooth movement)
and study their effects on bones growth, pain, fractures, etc. To this
purpose they come up to the research group Mathematical Modelling
and Numerical Simulation in Solid Mechanics (MOSISOLID) of the
same university, led by Professor Juan Viano. It was the year 1997
and the geometrical modeling of the jaw and all their teeth was not an
easy task due to its complicated geometry. Until that time, the models
were “handmade” (Japan, Canada) and, consequently, they were not
too accurate. To address this deficiency, the mathematicians’ team
turned to a laser scanning of a jaw and teeth scale reproduction.

| Tensions in the jaw caused
by molar bite

- Biomechanical analysis of the human

craniofacial complex by photoelasticity,

holographic interferometry and finite element
techniques

- Viscoplastic and viscoelastic materials contact:
mathematical formulation and numerical analysis

- Mathematical analysis and numerical simulation of material
behavior advanced models: applications in industry,
biomechanics and orthodontics

Mathematical Modelling
and Numerical
Simulation in Solid
Mechanics (MOSISOLID)
of the University of
Santiago de Compostela

The result was an extremely precise geometric model of the jaw,
composed of more than one hundred thousand nodes and eighty
thousand tetrahedra.

The study was a pioneer in jaw and teeth
geometry development, as well as in contact
mathematical models of both condyles
(rounded head at the UF of a bone, in this case
the jaw, which fits into the hollow of another,
the skull, to form a joint) and brackets.

Once obtained the model, they simulated several problems of
medical interest: effect on the condyles due to a hard object bite

or a hit in the chin; voltage levels generated in the surroundings of
dental implants and titanium miniplates used in the reduction of jaw
fractures; distraction osteogenesis; behavior of ceramic brackets

and wires in common orthodontic tests ... As Juan Viafio said,

“To study these phenomena and interpret the results, it was very
important the interdisciplinary collaboration held between doctors and
mathematicians to learn about the actual masticatory muscle forces
or movements in the brackets wires”

Surgery
Department

i of the Faculty
OOO of Medicine of

the University
of Santiago de

11 years
(1997-2007)

O

Compostela

154.000 euros @
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HOW 10 DEAL wiTH

BONE REMODELING?

Following the research on numerical simulation of jaw mechanical
processes applied to orthodontics and dentistry, MOSISOLID
identified the need to study the relationship between the forces
applied to bones and their formation and growth.

| Bone density simulation at 150 and 300 days in a cyclically loaded femur
(e.g. daily walk).

In the scientific world it is widely accepted that living bones adapt
their structure to changes in preassure applied, a phenomenon
known as bone remodeling. Thus, if the system of forces acting on
the bone is modified, its formation can be corrected and it could
take place in a different area (principle of orthopedics). This bone
remodeling process depends on the thermochemical action of
bone cells; although its mathematical formulation is poorly studied
so far, multiple applications are foreseen in the field of orthopedics
(hip prosthesis design, insoles, footwear, etc.), sports training and
rehabilitation of patients with bone traumas.

Mathematical analysis and
numerical simulation of
advanced models of material
behavior: applications in

industry, biomechanics and
orthodontics

Compostela

Mathematical Modelling and
Numerical Simulation in Solid
Mechanics (MOSISOLID) of
the University of Santiago de

To carry out this study, one research team of the Department of
Applied Mathematics of the University of Santiago de Compostela,
led by Professor Juan M. Viafio Rey, used again numerical simulation
techniques to represent this bone evolution. From bone growth
models proposed by American and Dutch scientists, and using
finite element techniques, they obtained a prediction of bone mass
evolution within a certain period of time. Lead researcher Juan M.
Viano, acknowledges that this research is still at an early stage

and they still have to improve the models obtained to reach a final
product, a program that can be used by an orthopedic surgeon or
an orthopedist in their daily work of placing prosthesis, reducing
fractures, rehabilitation, etc.. However, this research reveals a major
breakthrough in the field of the application of mathematics to Health
Sciences and in the way to achieve more personalized medical
practices.

Currently MOSISOLID collaborates with the
En%neermg Research Institute of Aragon and
both of them are searching for an industrial
artner willing to continue this research in
one remodeling, so that the results can be
translated into specific applications.

@ 6 years (2006-2011)
77.940 euros @
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REDUGCTION or FAILURES
INPROSTATE CANCER SURGERY

Surgery for prostate cancer treatment is a highly effective therapeutic
procedure from an oncological point of view, but with potential side
effects, such as urinary incontinence and erectile dysfunction that
adversely affect the quality of life of patients.

In an attempt to minimize unnecessary side effects, and due to the
existence of therapeutic alternatives to surgery as radiotherapy;,
brachytherapy, or cryotherapy, the Urology Department of the
University Hospital Miguel Servet in Zaragoza, supported by a group
coordinated by Dr. Angel Borque, decided to rely on the Statistics

in their decision to refer a patient to surgery. Until that time, they
found that up to 35% of the cases of surgery showed that, during
later prostate analysis, the tumor had already spread. Therefore, the
chances of patients being cured by surgery decreased substantially.
To improve the success rate, the doctors came to the research
group Stochastic Models (MODESI) of the University of Zaragoza and
requested the development of a model to predict the probability for
the tumor to be “organ confined”. That is, if it still remains within the
capsule containing the prostate, and it did not spread beyond those
limits, so that the patient might be cured by completely removing the
tumor.

The mathematicians developed an application that accurately predicts
the possibility for the tumor to continue organ confined within the
prostate. It is based on the information available at the hospital
about patients who had surgery in the previous twelve years -patient
characteristics, physical examination results, additional clinical trials
and results after the operation-.

Generation of models for

prostate cancer
of Zaragoza

Stochastic Models
(MODESI) of the University

The model was compared with experimental
results and it was improved in order to _
increase efficiency. Currently, it is being used in
the Zaragoza hospital.

According to Gerardo Sanz, MODESI principal researcher, a
demonstration of the accuracy of this tool is that it reduced by half the
initial percentage — up to 17% - the failure rate for this type of surgery.
This success attracted many other hospitals so that the researchers
are currently working at a national level, as part of a project to build
predictive models for widespread application.

In addition to the expansion of the project, some progress has been
made in the application of predictive models to other techniques.

Not only surgery, but also radiation treatments and other clinical and
genetic measurements, as clinical practices evolved over the years.
That includes, for example new adjuvant treatments (treatments
prescribed after primary therapy to increase the chance of prolonged
survival). As pointed out by Luis Esteban, another team member, their
work has not been restricted to the study of tumors confinement, but
also to the development of new models to predict tumor recurrence
or metastasis, in order to determine the best treatment for the patient
undergoing surgery or radiotherapy. This type of predictive models
has also been extended to other tumors like kidney cancer.

O  Department
of Urology,

OOO University
Hospital Miguel
Servet in
Zaragoza

10 years
(2002-2012)




Mathematics ap@hed to the
Aeronautics, Automotive and Naval

Automotive, shipbuilding and aerospace are strategic sectors for the
Spanish economy and major economic drivers of certain regions in

the country. It is on them that an extensive auxiliary industry depends,

that provides direct and indirect employment to a large number of
workers. However, competition from emerging countries and the
consequences of the economic crisis resulted in a downturn of those
sectors, despite their constant commitment to R&D through the time.
Mathematics is an essential tool for this industry.

Nobody would understand today, for example, the building of a
prototype for a new vehicle without a previous virtual simulation.

As part of the i-MATH project, there are about thirty research groups
that provide technology transfer services to these sectors®. In recent
years, they executed several contracts involving math-industry
partnerships. In the following pages, we present some of them.

6Data extracted from Soluciones Mateméticas para Empresas Innovadoras. Catalogo de servicios ofertados por investigadores espafioles. Quintela, Peregrina; Parente, Guadalupe;

Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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LUBRICATION or BOAT
PROPELLERS witH SEA WATER

Propellers or ship propulsion systems are machinery subjected to
high stresses because of the friction due to turning. This causes that
they have to go through dam from time to time to be repaired. With
the objective of preventing wear there must be adequate lubrication
that slows deterioration and overheating, so that longer-term
performance is ensured.

The firm Balifio, located in Vigo, engaged in the manufacture and
repair of ship propulsion systems since 1948, was interested in
testing whether the lubrication of a side propeller propulsion ship
would be enough using only seawater. It is an unusual case because
normally the lubrication of such parts is carried out with oil. Qil is a
very viscous fluid, which facilitates lubrication, while seawater has little
viscosity. However, as in this case the pieces were submerged, they
needed to analyze this assumption.

To do this, Balifio contacted with one of its previous partners, the
research group Differential Equations and Numerical Simulation (MAI)
of the University of Vigo, who has been over twenty years working

in the resolution of lubrication problems. The research group MAI
worked with several fluid mechanics equations. Using their own
software, and numerical simulation techniques, they solved these
equations.

The advantage of using numerical simulation
to assess the feasibility of operation of these
Peoes is that if their results were unsuccessful,
he company would have avoided building

a prototype with the consequent budgetary
savings.

Termohydrodinamic analysis
of axial and radial bearings for
ship propulsion systems

Differential Equations and O
Numerical Simulation Group
(MAI) of the University of Vigo

| Lubricated axial and radial
bearing support for rotary

machinery.

Since the results obtained are encouraging, the company may now
consider the possibility of making a prototype to check the results in
the laboratory. According to the lead researcher José Durany, “there
exist in the market commercial codes that solve lubrication problems,
but they use to make simplifications and do not address the problem
in all its complexity”. However, they try to address all the terms in

the equations so their results are closer to reality. Furthermore, using
proprietary software, developed specifically for the project allows for
more customization. Currently, the research group MAI is negotiating
with another company, dedicated to building boat shafts, to sign

a contract to perform calculations about lubrication processes for
these pieces, which are approximately 20 meters long and 1 meter in
diameter and subjected to very difficult operating conditions.

Balifio S.A. @ 2 years (2010-2011)

r~
000

8.260 euros @
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CALCULATION ofF THE

RELIABILITY or ASUBMARINE

Reliability is the probability for a product or system to operate

under the conditions for which it was designed for a specified time,
which is also known as mission time. That is how Salvador Naya,
Professor of Statistics and Operations Research and member of the
research group MODES of the University of A Corufia, defines the
term reliability. In this case, his research group was commissioned to
develop a software program capable of estimating the reliability of a
submarine from a series of historical data.

The firm Perama Engineering, engaged in software development

for the shipbuilding industry, asked MODES to develop a simulation
algorithm for the estimation of reliability of submarines. Submarines
are very complex systems make up of many components, even more
than a ship. To predict their reliability, all these components must

be taken into account. Moreover, that was a new submarine model,
which has not been tested so far then. Therefore, there was no
information on previous failures.

To develop this program, they used different reliability models, both
parametric and non-parametric. An example of non-parametric

Subproject within the project
“Research on models for the
development of predictive
maintenance technologies”

Modelling and Statistical O
Inference (MODES) of the
University of A Corufia

reliability model used in this study is the Kaplan-Meier estimator. It is
frequently used in the biomedical field to calculate survival, such as
the time of death for terminally ill patients, the time intervals between
treatments, etc. However, its application to shipbuilding industry
was completely new, even though it is not to other sectors, such as
aeronautics, with more developed techniques for systems reliability.

The result was a simulation program, using
Monte Carlo techniques, to estimate the
reliability, availability and maintainability of
complex systems in order to apply it to

real cases. That allows the prediction of
components failure time, mission time and,
consequently the determination of submarines
life cycle.

Perama
Ingenieria SLU

r~
000

About a year (Octo-
ber 2010 - February
2012)

®



Mathematics applied to the
Materials and Construction sectors

The Construction sector has a significant importance in Spain; in In this context, R&D is a long-term key to achieve a more competitive
2009, it represented about 10% of Gross Domestic Product (GDP) industry. Mathematical technology transfer has proved to be effective
and employment. It also includes an extensive business network. in the optimization and rationalization of processes. There is a wide
However, the bursting of the housing bubble linked to the stock range of experienced research groups providing consulting services
market crash, led to a slowdown in the Spanish economy. The most aimed at this sector. In fact, in the last fifteen years these research
affected sector is certainly the building industry, which experienced groups have signed about 60 contracts with industry to develop

a contraction in construction activity since 2009, after a long period collaborative projects, most of them in the area of materials’. Below
of growth. The crisis in the construction sector has dragged the are some examples of good practices in this sense.

materials industry, which is currently undergoing a process of

concentration and restructuring.

"Data extracted from Soluciones Mateméticas para Empresas Innovadoras. Catalogo de servicios ofertados por investigadores espafoles. Quintela, Peregrina; Parente, Guadalupe;
Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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OPTIMIZATION oF THE
SILICON PRODUCTION PROCESS

The cooperation between the Department of Applied Mathematics

of the University of Santiago de Compostela and the company
FerroAtlantica R&D, responsible for the coordination of all the
research activities developed by the FerroAtlantica Group, has a long
history. Since 1996 they work together in the numerical simulation of
various metallurgical processes related to the production of silicon.
The first issue raised by the company was the numerical simulation of
a metallurgical electrode, known as ELSA, patented by FerroAtlantica
S.L. and currently used in much of the world’s silicon production. The
numerical simulation helped the company to improve the design and
operating conditions of the electrode. Since then, they collaborated
on the numerical simulation of various processes related to the
production of silicon. Among all those projects, we highlight the
problem at hand: design optimization and operation of an induction
furnace.

Performing these experimental tests was too
expensive and numerical simulation allowed to
study the problem even before acquiring the
oven.

The problem arose because FerroAtlantica R&D wanted to start

using induction furnaces for melting silicon and needed to know his
behavior, both from a thermal and electrical standpoint. To do this, the
research group in Mathematical Engineering (mat + i) of the University
of Santiago de Compostela designed a software tool, called THESIF,
which applies numerical methods to simulate the multiphysics process
that takes place in an induction furnace with cylindrical geometry.

THESIF: computer code
aimed at the thermal-
electromagnetohydrodinamic
modeling in an induction
furnace

Research Group in
Mathematical Engineering
(mat+i) of the University of
Santiago de Compostela
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= | Temperature distribution in an
induction furnace.
Specifically, in this type of furnaces three types of physical processes
are involved: thermal, electromagnetic and hydrodynamic. That
is, the process is “coupled” where the three factors (temperature,
electromagnetic fields and liquid silicon motion) interact together.
Professor Pilar Salgado, one of the researchers involved in the study,
highlights the innovative character of their research and notes that
“at that time, we did not find any package that included the three
problems in the conditions we did, by also considering material phase
transition, an important innovation”. In fact, the software developed
has been registered by the research group and is openly available to
the scientific community (http://www.usc.es/~thesif/en/index.html).

@)
r~—

000

FerroAtlantica
1+D

@ 8 years (2003-2011)
248.233 euros @
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CONTROL or BOARD
PRODUCTION SYSTEM

The company FINSA, located in Santiago de Compostela and
dedicated to the manufacture of agglomerated board and MDF,

was interested in effectively managing its board production using

a manufacturing process control system. Its main objectives were

to establish control mechanisms to ensure the quality of the final
product, in this case internal tension and density, as well as its
optimization from the point of view of the resources used in the
process. Traction and density are two qualities that measure the
strength of the board.

Thats why in recent years, the company was continuously collecting
data on the relevant variables involved in the manufacturing process
and systematically analyzing the result of this process depending on
the quality characteristics of the final product. However, the company
needed to find the relation between these real-time measured
variables, and the quality characteristics of the final product to find the
patterns to control the manufacturing process.

To improve the process efficiency, FINSA contacted the research
group Optimization Modelling, Decision, Statistics and Applications
(MODESTYA,) of the University of Santiago de Compostela, led by
Professor Wenceslao Gonzalez.

Applying Statistics, the MODESTYA team developed two different
tools for business use. The first one links the characteristics required
for each type of board produced with the most relevant set of
variables that influence its characteristics, especially in traction.
Thanks to this application the company can compare variables and
predict the traction for those values. The second tool for process
control includes an alert system, so that when there are potential
factors that alter the traction properties and board density, it shows a
warning sign.

Statistical analysis for monito-
ring and controlling of board
production processes

Compostela

Optimization Modelling, O
r~=
000

Decision, Statistics and
Applications (MODESTYA) of
the University of Santiago de

| Surface standard errors.
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According to Maria José Ginzo, researcher of
MODESTYA, the two programs made available
to the company provide a way to improve
product quality control, maximize profits and
minimize costs.

@ 6 months (2010)
6.250 euros @



Livestock“and---_Eooﬂd 'sectOrs

Although currently the primary sector represents only 2.5% of in the last fifteen years there were signed about twenty technology
Spanish official GDP (according to INE data for 2011), it used to play transfer contracts and there are eleven Spanish research groups
an important role in the economy of that country. This sector was with proven experience in developing mathematical solutions for
blamed for its limited modernization and lack of implementation of this sector®. Below is a selection of these success stories about

technological developments and innovations. For this reason, it may mathematical applications to primary sector and food industry.
seem that there is a huge gap between mathematical research and

primary industry, but this is a statement we want to refute by showing

several success cases about partnerships between companies

dedicated to the Marine, Aquaculture, Agriculture, Livestock and

Food sector and industrial mathematics research groups. In fact,

8Data extracted from Soluciones Mateméticas para Empresas Innovadoras. Catalogo de servicios ofertados por investigadores espafoles. Quintela, Peregrina; Parente, Guadalupe;
Sanchez, Maria Teresa; Fernandez, Ana Belén, McGraw Hill. 2012.
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IRRIGATION,

HUMIDITY ano TEMPERATURE

CONTROL na GREENHOUSE

With the aim of achieving better plant growth control and prevent
transmission of land diseases - mainly fungi -, there is a cultivation
method known as “growing in substrate”. With this method plants
are grown on a solid medium other than the ground; especially
natural substrates such as sand, pumice, grit, etc.. Since the plant

is confined in a reduced environment and the substrate does not
provide nutrients by itself, the essential characteristic of this type

of farming is that all the needs of the plant must be met from the
outside.

To control agro-climatic variables for this type of crop in an integrated
manner (i.e., humidity, temperature and irrigation), the company
Inkoa Basque, specialized in providing innovative and comprehensive
solutions for the food industry at an international level, approached
to the research group Mathematical Technology Transfer (TTM) at the
University of the Basque Country, led by Mikel Lezaun. The objective
of this project was to develop a complete control model for agro-
climatic variables of greenhouses with hydroponics cultivation (where
all nutrients are added through the irrigation water) in pots and tables.
It should be clear that crops in substrate have many variations (in

a greenhouse or outdoors; hydroponically or not; with one type of
substrate or another), but all these different situations fit in one of

Development of an integrated
control system of agroclimatic
variables with waste

treatment Country

Mathematical Technology
Transfer Group (TTM) of the
University of the Basque

these two options: growing in pots or growing in tables/grow bags.
The first method is usually used when the final product is the whole
plant, including its root system (set of roots of the same plant),

such as ornamental plants. The second one is used when the final
product is only a part of the plant, for example its fruits or flowers.
The project was developed in two stages. For the first phase, it was
developed and validated a model for a physical characterization of the
substrates, so that the air-water relation and the availability of both
elements were allways known. The central idea for the construction

of this mathematical model was to consider that, in regard to water
retention, the substrate acts as a system of capillary tubes with
different diameters that follow a lognormal distribution. This model
was the basis for the formulation of the irrigation criteria in the
greenhouse. The second stage was to determine the state of the crop
in terms of evapotranspiration, and design its control development
while changing temperature and relative humidity in the greenhouse.

The result of the project was a software tool
to control greenhouse climate. This tool

is integrated into the greenhouse projects
developed by the company.

O INKOA
e Sistema S.L.
000

18 months
(1998-1999)

S

27.000 euros @
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TINNED FOOD witH

HIGH NUTRITIONAL VALUE

Currently, to sterilize its products, the food industry sets the cans in
an autoclave (container used to sterilize items by subjecting them

to high temperatures). Then, steam is introduced into the autoclave
at very high temperatures (121 ° C) for a certain period of time,

and finally the cans are cooled down with room temperature water.
However, there is one barrier. To comply with the safety requirements,
the sterilization process eliminates any internal microorganism but, at
the same time, part of the food’s nutritional value (vitamins, proteins,
etc.) may be lost. Although overexposure to high temperatures is

a method to minimizie risks from the point of view of health, it also

| Cross section of the tuna
temperature inside the can during
autoclaving sterilization process.

decreases food’s nutritional value. Moreover, from an economic point
of view, higher temperature implies additional costs associated with
excessive energy consumption.

The Simulation and Control research group of the University of Vigo

Modelling and thermal control
of food sterilization

Simulation and Control Group
(GSC) of the University of Vigo

realized a long time ago that this process could definitely be improved
and began to investigate how mathematics can help to optimize

this process. They took as a sample the tuna canning sterilization
process, applyed numerical simulation to heat transfer inside the can,
and finally used optimization algorithms by combining economic and
nutritional factors. They obtained the optimal temperature profile for
the steam inside the autoclave to sterilize cans at a minimal energy
consumption, maximize the retention of nutrients, and at the same
time ensure sanitation and preservation of the product’s organoleptic
characteristics (colour, flavour, aroma, etc..).

According to Lino José Alvarez, main researcher of the project, in
order to achieve a solution the temperature at which water vapor is
introduced into the autoclave must vary. However, today’s technology
cannot change that temperature. It only allows to introduce the vapor
at a constant temperature. Therefore, this is a technology available

to any company that wants to introduce a major innovation in the
sector, as the only way to incorporate this solution to industry would
be adapting existing machinery or improving the design of future
autoclaves. Consequently, although from a theoretical point of view,

it proposes a solution to the problem; from a practical standpoint it is
unlikely in the short term.

These techniques could also be applied
to other forms of food processing such as
microwave cooking, salting or freezing.

O  Universidade de
p=f—y Vigo
000

@ 1 year (1993-1994)

About 350 000
pesetas

®©



MORE RELIABLE
PRODUCT TESTS

Before launching a new product to market or reformulating an existing
one, those companies in the food industry often conduct a market
research focused on the product, in order to get a competitive
advantage and better meet consumer demand. For this type of
market research, based on sensory analysis of the product, is
mandatory to determine those products that each consumer will

try, as well as the specific order in which they should try them. This
assignation must meet balanced criteria, so that the conclusions are
as impartial as possible. With this aim, the company Product Sensory
Consulting Group, dedicated to product studies for the industries

of food and beverage, home and personal hygiene and cosmetics
and perfumery, contacted the Mathematics Consulting Service of

the Universitat Autdonoma of Barcelona. Usually this assignation task
was performed manually, which involved several days of intense work
and did not always lead to optimal results. The company asked the
research group for an integral solution that include from a friendly
interface for entering data to an Excel spreadsheet suitable for using
during the fieldwork.

The ultimate goal of the company was to provide its clients (mainly
large companies in the food sector) the guarantee for a proper

Allocation of products to
consumers

Barcelona

Mathematical Consulting
Service (MSC-UAB) of the
Autonomous University of

statistical analysis, based on the quality of the data collected.

The project challenge lay in the fact that all the products have to be
tested an equal number of times in any position and also a similar
number of times after any of the other products. This balance must be
maintained at a global but also at a local level for each of the profiles
(gender, age, geographic location, etc.) in which the consumers are
divided, and all their combinations.

The solution proposed by the mathematical team led by Professor
Aureli Alabert is based in Latin square (arrays of n x n elements,
where each cell is occupied by one of the n symbols so that each
element appears exactly once in each column and row). A great
number of Latin square columns are randomly generated and the
best solution is taken. This simple strategy provides acceptably good
solutions within short time and very good results when the software is
running for several hours.

Currently the company is using this software
and their partnership continues with a new
project in a preliminary stage.

O Product Sensory
e Consulting
O O O Group

@ 5 months (2008)

5.040 euros @
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