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Course Title: Introduction to mathematical modeling
Modality: CFT- Transversal Training Course

Orientation:
[] Ocean Observation and Global Change
[] Sustainable use of Marine Resources
[1 Integral Management of the Sea
[ Technological progress. Engineering and Business Management

Dates: 31 January — 01 February 2022
Timetable: 9:30
Duration: 10 horas

Location: Instituto de Investigaciones Marinas / Aula DO*Mar

Language: English, Spanish or Portuguese

Academic coordinators:

Name Institution e-mail
Eva Balsa Canto [IM-CSIC ebalsa@iim.csic.es
Lecturers:
Name Institution e-mail
Lino Santos Universidade de Coimbra lino@eg.uc.pt
Carlos Fernandez Vilas IIM-CSIC carlosvf@iim.csic.es

General description:
Introduction to mathematical modeling based on first principles (conservation of mass, momentum and
energy). Numerical methods for solving ordinary and partial differential equations. Practical cases in
MATLAB.


http://domar.campusdomar.gal/observacion-del-oceano-y-cambio-global/
http://domar.campusdomar.gal/uso-sostenible-de-los-recursos-marinos/
http://domar.campusdomar.gal/gestion-integral-del-mar/
http://domar.campusdomar.gal/progreso-tecnologico-ingenieria-y-gestion-empresarial/
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Contents:
- Description of transport and biotransformation phenomena
- Introduction to dynamic simulation. Time discretization methods. Predictor-correction methods.
- Introduction to the simulation of distributed parameter systems. Numerical methods for solving partial
differential equations. Finite differences as an example.
- Modeling and simulation of homogeneous and distributed (bio-) processes. Practical cases.

Teaching methodologies:
The course will be organized in two sessions lasting 3 and 4 hours respectively.

- In the first session, Prof. Santos will address the description of transport and biotransformation
phenomena and will introduce the concepts of numerical dynamic simulation, predictor-corrector
methods. 3-hour session.

- In the second session, Dr. Vilas will present an introduction to the simulation of distributed parameter
systems and the numerical methods for its resolution. 2-hour session.

Next, both teachers will present practical examples of dynamic models of homogeneous and distributed
systems. 2-hour session.

Teachers will use Powerpoint and whiteboard presentation. The examples will be illustrated using MATLAB.

Evaluation system:
Evaluation will be based on an individual homework. In principle, each student will be asked to select a
dynamic model of his/her interest and propose the most appropriate methodology for its solution.

Briev CV of the lecturers:

Dr. Lino Santos is Auxiliary Professor at the Department of Chemical Engineering of the Faculty
of Sciences and Technology of the University of Coimbra, Portugal. He has a licenciate's degree
(1990) and a Ph.D. (2001) in Chemical Engineering from the University of Coimbra.

Dr. Santos's teaching Chemical Engineering undergraduate courses include the course

of Supervision of Processes, that covers topics in process dynamics, process control,
mathematical modeling, and computer simulation.

His research activity lies in the area of process modeling and control. Current research activities
are in the area of nonlinear model predictive control, and process modeling and optimization.

Brasio, A.S.R., Romanenko, A., Leal, J., Santos, L.O., Fernandes, N.C.P. (2013)
Nonlinear model predictive control of biodiesel production via transesterification of used
vegetable oils. Journal of Process Control, 23 (10), pp. 1471-1479

L. O. Santos, L. Dewasme, D. Coutinho, A. Vande Wouwer (2012). Nonlinear model predictive
control of fed-batch cultures of micro-organisms exhibiting overflow metabolism: assessment
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and robustness. Computers & Chemical Engineering, 39, 143-151

M. R. Garcia, C. Vilas, L. O. Santos, A. A. Alonso (2012). A robust multimodel predictive controller
for distributed parameter systems. Journal of Process Control, 22, 60-71

L. O. Santos, L. Dewasme, A.-L. Hantson, A. Vande Wouwer (2010). Nonlinear model predictive
control of fed-batch cultures of micro-organisms exhibiting overflow metabolism. 2010 IEEE
Multi-Conference on Systems and Control (MSC), Yokohama, Japan, pp. 1608-1613

L. O. Santos, L. T. Biegler, J. A. A. M. Castro (2008). A tool to analyze robust stability for
constrained nonlinear MPC. Journal of Process Control, 18, 383-390

A. Romanenko, L. O. Santos (2007). A nonlinear model predictive control framework as free
software: outlook and progress report. Assessment and Future Directions of Nonlinear Model
Predictive Control, R. Findeisen, F. Allgbwer, and L. Biegler (Eds.), LNCIS 358, Springer, Berlin,
229-238

A. Romanenko, L. O. Santos, P. A. F. N. A. Afonso (2004). Unscented Kalman Filtering of a
Simulated pH System. Industrial & Engineering Chemistry Research, 43, 7531-7538

L. O. Santos, P. A.F.N. A. Afonso, J. A.A.M. Castro, N. M. C. Oliveira, L. T. Biegler (2001). On-line
implementation of nonlinear MPC: an experimental case study. Control Engineering Practice, 9,
847-857

Dr Carlos Vilas is a postdoctoral researcher at the (Bio)Process Engineering Group of the IIM-CSIC
(Instituto de Investigaciones Marinas) in Vigo, Spain. He has a B.Sc Chemistry University of Vigo
(1996-2001), and a PhD in Applied Mathematics, by the same University (2008).

His research activity lies within the area of systems mathematical modelling, simulation,
optimization and control with applications in the food and biochemical sectors. Specific research
interests include: design of software sensors combining experimental measurements and
mathematical modeling; model reduction; observer design; model identification; simulation of
systems described by partial differential equations; among other.

During the last years he was a teacher at several masters in different Spanish universities (Vigo,
Madrid, Valladolid). He participated at a number of regional, national and EU funded research
projects in the areas of food technology and process engineering. In 2014 he coauthored a book
(Springer) entiled “Simulation of ODE/PDE models with Matlab, Octave and Scilab”. He has also
published over 100 publications including articles, book chapters and congress proceedings. A
selection of some of his publications is presented below.

Alonso, A. A., Vilas, C., Banga, J.R. (2004) Dissipative systems: from physics to robust nonlinear
control. Int. J. Robust & Nonlinear Contr. 14. 157-179

3



Courses 2021-2022

DOMAR

PHD PROGRAM IN MARINE SCIENCE, TECHNOLOGY AND MANAGEMENT

Vilas C, Garcia MR, Banga JR, Alonso AA (2006) Stabilization of inhomogeneous patterns in a
diffusion-reaction system under structural and parametric uncertainties. Journal of Theoretical
Biology. 241 (2) : 295-306

Vilas, C, Garcia, MR, Banga, J, Alonso, AA. (2008). Robust feed-back control of travelling waves in
a class of reaction-diffusion biological systems. Physica D: Nonlinear Phenomena, 237, 2353-
2364.

Garcia, MR, Vilas, C., Banga, J.R., Alonso, A. A (2008) Exponential Observers for Distributed
Tubular (Bio)Reactors. AIChE J. 54(11: 2943-2953

Vilas, C, Vande Wouwer, A. (2011). Combination of multi-model predictive control and the wave
theory for the control of simulated moving bed plants. Chemical Engineering Science, 66(4), 632-
641.

Garcia, M.R., Vilas, C., Santos, L.O., Alonso, A.A. (2012) A robust multimodel predictive controller
for distributed parameter systems. Journal of Process Control. 22. 60-71

Vande Wouwer, A., Saucez, P., Vilas, C. (2014). Simulation of ODE/PDE Models with MATLAB,
OCTAVE and SCILAB: Scientific and Engineering Applications, first ed. Springer, New York.

Vilas, C, Arias-Mendez, A, Garcia, M.R., Alonso, AA., Balsa-Canto, E. (2018). Towards predictive
food process models: A protocol for parameter estimation. Critical Reviews in Food Science and
Nutrition, 58(3), 436-449.

Vilas, C., Alonso, AA, Herrera, JJ, Bernardez, M., Garcia, M.R., (2018). A mathematical model to
predict early quality attributes in hake during storage at low temperature. Jorunal of Food
Engineering, 222, 11-19

Vilas, C, Alonso, AA, Balsa-Canto, E, Lopez-Quiroga, E., Trelea, C, (2020). Model-Based Real Time
Operation of the Freeze-Drying Process, Processes, 8, 21.

Pitarch, JL, Vilas, C, de Prada, C, Palacin, CG, Alonso, AA (2021). Optimal operation of thermal
processing of canned tuna under product variability, Journal of Food Engineering, 304, 110594.



