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5th INTL. SUMMER SCHOOL ON FAULT DIAGNOSIS OF COMPLEX SYSTEMS Madrid (Spain), from 1st to 5th July, 2013



MOTIVATION Currently, automated diagnosis of devices is an interesting research and development field. It can be approached with different techniques (knowledgebased systems, case-based reasoning, machine-learning or model-based reasoning) coming from different fields: Control Engineering, Artificial Intelligence or Statistics. It is not easy to include several of these techniques in a single course. This School is an intensive seminar which will take place along 5 days in Madrid, Spain. Its main goal is introducing students to different diagnosis approaches coming from different research communities: Control Engineering, Artificial Intelligence, Statistics... The School is open to PhD/master students and also to industrial practitioners interested in these approaches to diagnosis. Successful applications to fields like electronic circuits, chemical processes, continuous industrial processes, automotive, satellites, software, etc. have been made. TENTATIVE PROGRAMME Time



Monday



09.00-10.00



Opening



10.00-11.00



Tuesday



Wednesday



Thursday



Friday



T2. FDI Approach



T4. AI-DX approach



T5. FDI Modelling & Estimation for non-linear sys.



T5. FDI Modelling & Estimation for non-linear systems



T1.MBD Fundamentals



T2. FDI Approach



T4. AI-DX approach



T6. Prognosis Fundamentals



T7. BRIDGE



Lunch



Lunch



Lunch



Lunch



Lunch



+ Invited Conference



11.30-12.30 12.30-13.30 13.30-15.30 15.30-16.30 16.30-17.30 17.30-18.30



T2. FDI Approach



T3. FDI based on statistical models



T4. AI-DX approach



Demo / TBD



Introduction to the DX-C



T7. BRIDGE



Demo/TBD Closing



T0. OPENING CONFERENCE.



2 hours



T1. INTRODUCTION. FUNDAMENTAL CONCEPTS. T1.1. Definitions: fault, failure, detection, diagnosis, reliability,... T1.2. Foundations for fault detection and diagnosis in FDI and DX: detectability, observability, diagnosability,...



2 hours



T2. MODEL-BASED DIAGNOSIS: THE FDI APPROACH. T2.1. Structural analysis and analytical redundancy. T2.2. Model-based detection methods: parameter estimation, parity equations, state observers for linear and non-linear models. T2.3. Fault detection: residual evaluation by consistency tests, and envelope generators. T2.4. Fault isolation: structured and directional residuals. T2.5. FDI for stochastic dynamic systems: Schemes for a Class of Continuous-Time Stochastic Dynamical Systems. Detectability and Isolability Conditions



6 hours



T3. FAULT DIAGNOSIS USING STATISTICAL METHODS. T3.1. Fault diagnosis using statistical methods T4. MODEL-BASED DIAGNOSIS: THE DX APPROACH. T4.1. Model-based diagnosis from AI Community. Consistency-based diagnosis, CBD: Reiter's approach. T4.2. GDE: the computational approach to Consistency Based Diagnosis. T4.3. Constraint-driven fault diagnosis.



3 hours



T5. MODELLING AND ESTIMATION STRATEGIES FOR FAULT DIAGNOSIS OF NON-LINEAR SYSTEMS T5.1. Introduction to non-nonlinear observer-based fault diagnosis • Extended unknown input observers • Observers for Lipschitz systems and their extension towards robustness T5.2. Introduction to neural networks and their application to fault diagnosis • Experimental design for neural networks and generation of adaptive thresholds • Robust GMDH neural networks T5.3 Evolutionary algorithms and their application to fault diagnosis T5.4. Parameter estimation-based FDI: A case study



6 hours



4 hours



T6. PROGNOSIS FUNDAMENTALS T6.1. Prognosis concepts. Relation to Diagnosis. T6.2. Model-based Prognosis methods. T6.3. Aerospatial applications



2 hours



T7. BRIDGE: INTEGRATION OF FDI AND DX APPROACHES. T7.1. Theoretical links and comparison. T7.2. Practical comparison and potential synergies.



4 hours



VENUE This edition of the School will take place at the School of Telecommunication Engineering (ETSIT), Technical University of Madrid (UPM), (Building A, Room: A-306) in Madrid (Spain). ETSIT – UPM is located at: Moncloa Campus of International Excellence. Avenida Complutense s/n, Ciudad Universitaria, 28040 Madrid



REGISTRATION INFORMATION Registration fees include attendance of the course, lunch (not dinner) from Monday to Friday and coffee-breaks: • Early registration, before June 1st : 185 € • Late registration, before June 23rd: 300 € Accommodation (breakfast included) in single room from sunday 30 of June to saturday 6 of July (6 nights) at Colegio Mayor Universitario Fundación SEPI: 216 € (36 € / night). SCHOLARSHIP FOR AEPIA STUDENTS: • The Spanish Association for Artificial Intelligence (AEPIA http://aepia.org/) provides one scholarship that covers the registration fee for those students attending the summer school. Those students interested in applying for this grant must send an application letter with a brief CV to the organizing committee or to the following email address: [email protected] • This grant is only available for full-time students. An additional requirement is to be a member of AEPIA (more information here:http://aepia.org/). • The application deadline is May, 21st. The decision will be made public the following week. If you are interested in attending the School please visit the following links: https://formacion.funge.uva.es/cursos/summer-school-on-faultdiagnosis/ If you need additional information please contact the organizers: • Raúl del Toro ([email protected]) Centro de Automática y Robótica. Consejo Superior de Investigaciones Científicas - Universidad Politécnica de Madrid • Ángela Castillo ([email protected]) ETS Ing. de Telecomunicación. Universidad Politécnica de Madrid • Belarmino Pulido ([email protected]) ETS Ing. Informática. Universidad de Valladolid REGULAR LECTURES (Researchers from the Spanish Thematic Network on Supervision and Diagnosis of Complex systems) • • • • • •



Joaquim Meléndez, from MICE Research Group (http://mice.udg.edu) at Universitat de Girona. Joaquim Armengol, from EXIT Research Group (http://exit.udg.edu) at Universitat de Girona. Vicenç Puig, from SAC Research Group (http://webesaii.upc.es/) at Universitat Politècnica de Catalunya. Rafael M. Gasca and Carmelo del Valle, from Quivir Research Group (http://www.lsi.us.es/~quivir) at Universidad de Sevilla. Carlos Alonso, Belarmino Pulido, from GSI Research Group (http://www.gsi.infor.uva.es/) at Universidad de Valladolid. María Jesús de la Fuente, from Fault Diagnosis and Detection Group (http://www.isa.cie.uva.es/ ) at Universidad de Valladolid.



INVITED LECTURERS Andrés Marcos is from Córdoba, Spain. Received his Aerospace Engineering B.Sc. from St. Louis University (USA) in 1997 and M.S. and Ph.D. degrees in 2000 and 2004 respectively from the University of Minnesota (USA) in the group of prof. Gary Balas. From 2004 to 2006, he was a research associate in the group of prof. Ian Postlethwaite at the University of Leicester (UK) working with Dr. Declan Bates in a Group for Aeronautical Research and Technology in Europe (GARTEUR) project related to nonlinear flight control clearance. From 2006 he is with Deimos-Space S.L.U. (Spain) working as lead control engineer for control and autonomy research and development projects for the European Space Agency (ESA) and the European Community (EC). From July 2009 to October 2012 he was coordinator of the EU-FP7 project entitled “Advanced Fault Diagnosis for Sustainable Flight Guidance and Control (ADDSAFE)”, and from January 2013 he is coordinating the EU-FP7 project entitled “Reconfiguration of Control in Flight for Integral Global Upset Recovery (RECONFIGURE)”. Both projects were established to study and transfer model-based FDIR techniques to commercial aircraft and are participated by Airbus as well as several European research organizations and universities. His research interest include: robust control techniques applied to fault detection, fault tolerant control and flight control of aerospace vehicles; flight control V&V; and research on linear fractional transformation (LFT) and linear parameter varying (LPV) techniques for modeling, design and analysis. Louise Travé-Massuyès, from LAAS-CNRS (Toulouse, France) will talk about BRIDGE: Integration of FDI and DX approaches (T4). She is currently a Research Director of the Centre National de Recherche Scientifique (CNRS), working at LAAS, Toulouse, France, in which she has led the "Qualitative Diagnosis, Supervision and Control" Group for several years. Her main research interests are in Qualitative and Model-Based Reasoning and applications to dynamic systems Supervision and Diagnosis. She has been particularly active in bridging the AI and Control Engineering Model-Based Diagnosis communities, as leader of the BRIDGE Task Group of the MONET European Network. She has been responsible from several industrial and european projects and published more than 100 papers in international conference proceedings and scientific journals. Her current responsibilities include; member of the IFAC Safeprocess Technical Committee; member of the European Network of Excellence MONET Steering Committee; member of the French CNRS Network RTP 20 on "Diagnosis, Reliability and Safety" Steering Committee. She is a Senior Member of the IEEE Computer Society. Marcin Witczak was born in Poland on 19 December 1973, received the M.Sc. degree in electrical engineering from theUniversity of Zielona Góra (Poland), the Ph.D. degree in automatic control and robotics from the Wrocław University of Technology (Poland) and the D.Sc. degree in electrical engineering from the University of Zielona Góra in 1998, 2002 and 2007, respectively. Marcin Witczak has been an associated professor of automatic control and robotics at the Institute of Control and Computation Engineering, University of Zielona Góra, Poland, since 2008. His current research interests include computational intelligence, Fault Detection and Isolation (FDI), Fault-Tolerant Control (FTC) and experimental design and control theory. M. Witczak has published more than 120 journal papers and conference proceedings. He is an author of 3 monographs and 17 book chapters.
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