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Lecture Main Topics

Â General introduction
Â State-of-the-art review

Â Fault diagnosis nomenclature

Â Main methods for fault diagnosis
Â Parameter estimation methods

Â Observer and filter approaches

Â Parity relations

Â Neural networks and fuzzy systems

Â Application examples

Â Concluding remarks
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Programme Details

Â Introduction: Course Introduction 

Â Issues in Model-Based Fault Diagnosis 

Â Fault Detection and Isolation (FDI) Methods based 
on Analytical Redundancy 

Â Model-based Fault Detection Methods 

Â The Robustness Problem in Fault Detection 

Â Fault Identification Methods 

Â Modelling of Faulty Systems 
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Programme Details (Contôd)

Â Residual Generation Techniques 

Â The Residual Generation Problem 

  

Â Fault Diagnosis Technique Integration 

Â Fuzzy Logic for Residual Generation 

Â Neural Networks in Fault Diagnosis 
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Programme Details (Contôd)

Â Observers for Robust Residual Generation 

Â Residual Robustness to Disturbances 

  

Â Application Examples 
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Annual Meetings on FDI
Â IFAC SAFEPROCESS Symposium
Â Symposium on Fault Detection Supervision & Safety for 

Technical Processes
Â 1st held in BadenïBaden, Germany in 1991

Â 2nd in Espo, Finland in 1994

Â 3rd at Hull, UK in 1997

Â 4th held in Budapest, Hungary in 2000

Â 5th at Washington DC, USA, July 2003

Â 6th in Beijing, P.R. China, August 2006

Â 7th in Barcelona, Spain, July 2009

Â 8th in Mexico City, Mexico, August 2012

Â 9th in Paris, France, 2015

Â 10th in Warsaw, Poland, 2018

Â 11th in Cyrpus, Greece, 2022

Â 12th in Ferrara, Italy , 2024

Â 13th in Delft, The Netherlands, scheduled in 2027 



16/09/2024

Sistemi di Supervisione Adattativi. Silvio Simani8

Nomenclature
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Nomenclature (contôd)
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Nomenclature (Contôd)
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Nomenclature (Contôd)



16/09/2024

Sistemi di Supervisione Adattativi. Silvio Simani12

Nomenclature (Contôd)
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Nomenclature (Contôd)

NOTE: Incipient fault (slowly developing fault)= hard to detect !!!
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Nomenclature (Contôd)
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Application Examples

Â Simulated case studies

Â Identification/FDI applications

Â Real processes

Â Research works

Â Undergraduate theses topics 
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Simulated Application Examples
Simulated Gas Turbine
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Simulated Application Examples (Contôd)

Simulated Gas Turbine
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Simulated Application Examples (Contôd)

Simulated Gas Turbine
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Simulated Application Examples (Contôd)

Simulated Gas Turbine (SIMULINK ®)
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Simulated Application Examples (Contôd)

Simulated Power Plant: Pont sur Sambre



16/09/2024

Sistemi di Supervisione Adattativi. Silvio Simani21

Simulated Application Examples (Contôd)

Simulated Power Plant: Pont sur Sambre
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Simulated Application Examples (Contôd)

Simulated Gas Turbine
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Simulated Application Examples (Contôd)

Small Aircraft Model



16/09/2024

Sistemi di Supervisione Adattativi. Silvio Simani24

Simulated Application Examples (Contôd)

Small Aircraft Model
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Simulated Application Examples (Contôd)

Aerospace Satellite



16/09/2024

Sistemi di Supervisione Adattativi. Silvio Simani26

Simulated Application Examples (Contôd)

Aerospace Satellite
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Simulated Application Examples (Contôd)

Manifacturing Process
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Simulated Application Examples (Contôd)

Manifacturing Process
JAM!

(possibly unskilled)

human operator
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Introduction
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Introduction (Contôd)
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Residual Generation

Â This block generates residual signals 
using available inputs and outputs from 
the monitored system

Â This residual (or fault symptom) should 
indicate that a fault has occurred

Â Normally zero or close to zero under no 
fault condition, whilst distinguishably 
different from zero when a fault occurs
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Residual Evaluation

Â This block examines residuals for the 
likelihood of faults and a decision rule is then 
applied to determine if any faults have 
occurred

Â It may perform a simple threshold test 
(geometrical methods) on the instantaneous 
values or moving averages of the residuals

Â I t may consist of statistical methods, e.g., 
generalised likelihood ratio testing or 
sequential probability ratio testing
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Introduction (Contôd)

Â Model-Based FDI Methods:
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Introduction (Contôd)

Â Signal Model-Based Methods:

Â Change Detection: Residual Analysis
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Introduction (Contôd)

Â Model Uncertainty in Fault Detection & Isolation (FDI)
Â Model-reality mismatch

Â Sensitivity problem: incipient faults!

Â Robustness in FDI
Â Disturbance, modelling errors, uncertainty

Â Unknown Input Observer (UIO) and Kalman filter: robust 
residual generation 

Â System Identification for FDI
Â Estimation of a reliable model

Â Modelling accuracy & disturbance estimation 
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Introduction (Contôd)

Â Fault Identification Methods

Â Fault nature (type, shape) & size (amplitude)

Â Approximate Reasoning Methods:
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Introduction (Contôd)
Â FDI applications status & review
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Introduction (Contôd)
Â FDI applications status & review
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Introduction (Contôd)
Â FDI applications status & review
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Model-based FDI Techniques
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Model-based FDI Techniques (Contôd)

1.

2.
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Model-based FDI Techniques (Contôd)

ü Modelling of Faulty Systems
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Model-based FDI Techniques (Contôd)
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Model-based FDI Techniques (Contôd)
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Model-based FDI Techniques (Contôd)

Fault Location:

Â Actuators

Â Process or system 

 components

Â Input sensors

Â Output sensors

Â Controllers
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Model-based FDI Techniques (Contôd)

Fault and System Modelling
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Model-based FDI Techniques (Contôd)

Fault and System Modelling
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Model-based FDI Techniques (Contôd)

Fault and System Modelling
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Model-based FDI Techniques (Contôd)

Fault and System Modelling

u(t)

fu(t)
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Model-based FDI Techniques (Contôd)

Â Modelling 

of Faulty 

Systems
u(t)

fu(t)
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Model-based FDI Techniques (Contôd)

Â Modelling 

of Faulty 

Systems

Â Transfer function 

description:

u(t)

fu(t)
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Residual Generator Structure

Under fault-free

assumptions, the

residualsignalr(t)

isñalmostò zero
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Residual General Structure (Contôd)

Residualgeneration

via systemsimulator

z(t) is the simulated

plantoutput

_

y(t)
+

r (t)

r (t) = y(t) ïz(t)


