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A Data-Driven Prognostics Approach: Challenges, Contributions and  

Some Applications 

Dr. Kamal Medjaher and Prof. Noureddine Zerhouni 

FEMTO-ST Institute / National Institute in Mechanics and Microtechnologies, Besançon, France 

 
Abstract: This presentation deals with the topic of Prognostics and Health Management (PHM) and 
concerns the development of an integrated data-driven failure prognostic approach. The proposed 
approach relies on acquisition of data which are representative of systems degradations, extraction of 
relevant features and construction of health indicators, degradation modeling, health assessment and 
Remaining Useful Life (RUL) prediction. This approach uses two groups of tools: probabilistic/stochastic 
tools, such as dynamic Bayesian networks, from one hand, and nonlinear regression models such as 
support vector machine for regression and Gaussian process regression, from the other hand. Some 
applications related to bearings degradations and batteries will be presented and some perspectives will be 
given. 
 
Bio of Dr. Kamal Medjaher 

Kamal Medjaher received the M.S. degree in control and industrial computing from the 
University of Lille 1, Villeneuve-d’Ascq, France, and Ecole Centrale de Lille, Villeneuve-
d’Ascq, in 2002, and the Ph.D. degree in control and industrial computing from the 
University of Lille 1, in 2005. He has been an Associate Professor with the National 
Institute in Mechanics and Microtechnologies, Besançon, France, since 2006. His 
teaching activities concern system dynamics and control, fault detection, fault 
diagnostics, and fault prognostics. His current research interests include prognostics 

and health management (PHM) with scientific developments related to data processing, feature extraction, 
health indicators construction, degradation modeling, health assessment, and remaining useful life 
prediction. 
 
Bio of Prof. Noureddine Zerhouni 

Noureddine Zerhouni received the Engineering degree from the National Engineers 
and Technicians Institute of Algiers, Algiers, Algeria, in 1985, and the Ph.D. degree in 
automatic control from the Grenoble National Polytechnic Institute, Grenoble, France, 
in 1991. He joined the National Engineering Institute of Belfort, Belfort, France, as an 
Associate Professor in 1991. Since 1999, he has been a Full Professor with the National 
Institute in Mechanics and Microtechnologies, Besançon, France. He is a member of 
the Department of Automatic Control and Micro-Mechatronic Systems at the FEMTO-
ST Institute, Besançon. He has been involved in various European and national 
projects on intelligent maintenance systems. His current research interests include 

intelligent maintenance, and prognostics and health management. 
 
 
 
 
 
 
 
 
 
 



 

Cognitive fault detection and isolation for large scale cyber physical systems 

Dr. Stavros Ntalampiras 

Senior Research Fellow, Politecnico di Milano, Department of Information, Electronics and Bioengineering 

 

Abstract: Modern society depends on the smooth functioning of complex, large scale engineering 

systems which provide services of fundamental importance, e.g. telecommunications networks, water 

supply systems, electricity grids, etc. Due to the recent advancements in information and communication 

technologies (ICT), many operators have turned to the usage of an ICT layer which is inserted between 

the  physical infrastructure and the operator and facilitates the exchange of real-time information. The 

cyber layer offers the ability to obtain complete picture of  the manner in which the assets of the large scale 

cyber physical system (LCPS) are used. A large amount of data is collected and processed towards achieving 

smooth and  efficient operation of the LCPS towards taking advantage of its full potential. However, LCPSs 

operate in harsh environmental conditions, which might lead to faults, ageing effects or thermal drifts 

affecting the hardware/software components of the system,  the sensors and/or the actuators. These may 

cause a serious degradation in performance or even an overall  system failure, especially as a result of 

propagating faults in interconnected subsystems. This presentation wishes to highlight the urgency for fault 

diagnosis systems tailored for LCPSs  and to provide a methodology for detecting and isolating multiple 

sensor faults, and  time variances based on a cognitive approach where the model of the LCPS is learnt by 

mining the available datastreams. A clustering algorithm is proposed for limiting the problem space, dealing 

with the vast data quantities and simplifying the modeling phase.  Finally directions for future research will 

be discussed. 

Bio: Stavros Ntalampiras received the Engineering and Ph.D. degrees from the Department of Electrical and 

Computer Engineering, University of Patras, Patras, Greece, in 2006 and 2010, 

respectively. Subsequently he joined the System Architectures Group of the 

Department of Electronics and Information at Politecnico di Milano. From May 2013 

to March 2015 he was conducting research with the Joint Research Center of the 

European Commission. Since April 2015 he is a Politecnico di Milano 

International Fellow carrying out research at the Department of Electronics, Information, and 

Bioengineering. He has authored over 40 publications in peer-reviewed journals and conferences with more 

than 300 citations (h-index=10). His current research interests include content-based signal processing, 

machine learning, fault diagnosis, and audio pattern recognition.  

 

 

 

 

 

 

 



 

Contribution of Monitoring, Diagnostics, and Prognostics on Probabilistic 

Safety Assessment  

Prof. Gyunyoung Heo 

Kyung Hee University, Department of Nuclear Engineering, South Korea 

Abstract: Modern society depends on the smooth functioning of complex, large scale engineering 

systems which provide services of fundamental importance, e.g. telecommunications networks, water 

supply systems, electricity grids, etc. Due to the recent advancements in information and communication 

technologies (ICT), many operators have turned to the usage of an ICT layer which is inserted between 

the  physical infrastructure and the operator and facilitates the exchange of real-time information. The 

cyber layer offers the ability to obtain complete picture of  the manner in which the assets of the large scale 

cyber physical system (LCPS) are used. A large amount of data is collected and processed towards achieving 

smooth and  efficient operation of the LCPS towards taking advantage of its full potential. However, LCPSs 

operate in harsh environmental conditions, which might lead to faults, ageing effects or thermal drifts 

affecting the hardware/software components of the system,  the sensors and/or the actuators. These may 

cause a serious degradation in performance or even an overall  system failure, especially as a result of 

propagating faults in interconnected subsystems. This presentation wishes to highlight the urgency for fault 

diagnosis systems tailored for LCPSs  and to provide a methodology for detecting and isolating multiple 

sensor faults, and  time variances based on a cognitive approach where the model of the LCPS is learnt by 

mining the available datastreams. A clustering algorithm is proposed for limiting the problem space, dealing 

with the vast data quantities and simplifying the modeling phase.  Finally directions for future research will 

be discussed. 

Bio: Gyunyoung Heo received the B.S., M.S., and Ph.D. degrees in nuclear and quantum engineering, Korea 

Advanced Institute of Science and Technology, Daejeon, Korea, in 1990, 1999, and 2004, 

respectively. Currently, he is an Associate Professor and the director of Mainformatics 

Laboratory in Kyung Hee University, South Korea. His research interest is the analysis of 

performance and reliability for industrial plants on the basis of statistical and intelligent 

data processing. His major activities are the development of plant simulation codes and 

operator aid systems, probabilistic safety assessments for nuclear facilities. He is 

interested in their synergetic outcomes to improve nuclear safety  

 

 

  



 

Some achievement and challenges in diagnostics and prognostics for rail 

maintenance management 

Dr. Pierre Dersin  

RAM director at ALSTOM Transport’s Information Solutions 

Abstract: With the increasingly demanding requirements for punctuality and availability and the high cost 

of traditional maintenance, predictive maintenance is fast becoming a necessity in the rail industry, both 

for rolling stock and infrastructure. ALSTOM Transport has introduced the Health Hub®, the umbrella name 

for its global predictive maintenance and PHM (prognostics & health monitoring) platform, which covers 

the entire scope of a railway system. The presentation will address some concrete achievements as well as 

our methodological approach to the subject, and work in progress.  The Health Hub® offering currently 

includes wireless sensors , a canopy for train defect detection and  parts wear prediction ,a track health 

monitoring system  and a switch machine diagnostic and prognostic system An intelligent event recorder 

memorizes events and context and provides a fleet-wide view. Recorded data can be analyzed by a rule 

engine. Our development methodology, consistently with ISO 13374, distinguishes Monitoring, Processing 

including health assessment and prognostics) and Decision Support. The techniques used for diagnostics 

and prognostics so far have been mainly data-driven: supervised machine learning based on artificial neural 

networks for classification, as well as stochastic process fitting for prognostics and RUL estimation. Model-

based and hybrid approaches are being considered as well, with multi-physics virtual prototyping. Some 

preliminary ideas will be presented for discussion, which involve the link between reliability engineering, 

PHM and, to some extent, control theory.  It is apparent that the knowledge of the “mean residual life” as a 

function of time, MRL(t), is most relevant in  selecting an adequate maintenance policy. This can be 

illustrated for instance by considering the very special case of the family of probability distributions whose 

MRL decreases linearly with time, which includes the exponential distribution, the uniform distribution and 

the “Dirac” distribution. From a control-theoretic perspective, a maintenance policy (predictive or not) can 

be considered as a control policy, while the (generally hidden) state of the system is observed by means of 

health indicators. The effect of a maintenance action can be characterized by the RUL (remaining useful 

life) just after maintenance. Maintenance optimization can then be seen as a control problem, where the 

control objective can be for instance to maximize the RUL of an asset, or perhaps the MRL of a population 

of assets; centralized ( ‘top-down’) or decentralized (‘bottom-up’) policies can be compared. 

BIO: Born in Belgium, obtained his Ph.D. in Electrical Engineering in 1980 from the Massachusetts Institute 

of Technology (MIT) after receiving a Master’s degree in O.R. in 1976, also from MIT. Engineer and Math BS 

from Brussels. He worked on reliability of large electric power networks, as part of the 

Large Scale System Effectiveness Analysis Program sponsored by the US Department of 

Energy, from MIT and Systems Control Inc. and later joined FABRICOM (Belgium and 

U.S), where he was involved with fault diagnostic systems for factory automation, from 

1983 to 1989. Since 1990 with ALSTOM Transport, he has occupied several positions, 

mainly involved with RAMS and Maintenance, including R&D Manager of the Service 

business, and, since 2007, RAM  (Reliability-Availability-Maintainability) Director at 

ALSTOM Transport’s Information Solutions, i.e. railway signalling and communication, product line.  Also, 

Leader of ALSTOM Transport’s Reliability & Availability Core Competence Network. Since April 2014, co-

Director of the joint ALSTOM-INRIA Research Laboratory for digital technologies applied to mobility and 

energy. Since January 2015, Manager of the “Prognostics” branch of the Predictive Maintenance Center of 



 

Excellence. He has contributed  a number of  communications and publications in IEEE conferences and 

journals (including the 2008, 2009, 2010, 2011, 2012, 2014 and  2015 RAMS Symposia) and MMR 2009,in 

the fields of RAMS, automatic control and electric power systems. He was the chairman of UNIFE’s (Union 

of European Railways Manufacturers) LCC/RAM working group in 1998-2001. He has acted as a reviewer for 

several professional journals, such as Reliability Engineering & System Safety. Member of the IEEE 

Reliability Society’s Administrative Committee , IEEE Industry Advisory Board and IEEE Future Directions 

Committee. 
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