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Talk Ingredients

üBrief overview of research projects at the 

University of Ferrara (Ferrara, Italy)

üThe problem of fault diagnosis and fault 

tolerant control for aircraft systems

üSimulation results

üConclusion and further works  
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Projects and Research Topics

VTurbocharged Diesel Engine Modelling for Nonlinear 

Controller Design (2007 ï 2009)

VComputerised Decision Support Systems for Oral 

Anticoagulant Treatment (OAT) Dose Management (2005 -

2007)

üDevelopment of Fault Tolerant NGC (Navigation, Guidance & 

Control) Algorithms for CUAV (Civil Unmanned Aerial 

Vehicle) Patrolling & Rescue Missions in Harsh Environment 

(2004 ï2008, 2009 ï 2012)
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Projects and Research Topics

V  Ongoing (2018 - )

ÁMobile robots & SLAM - Simultanous Localization And Mapping

Á Image based visual servoing of robot manipulators - application to 

autonomous drones (underwater vehicles)

V  Ongoing (2009 - )

Á Renewable energy conversion systems

Á Wind turbines and hydroelectric plants

Á Advanced control (adaptive, data-driven, model-based)

Á Fault diagnosis and fault tolerant control

Á Sustainable solutions
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Turbocharged Diesel Engine Modelling 
for Nonlinear Controller Design

üDesign of a control scheme for commercial diesel engines 

(boats, ships, farm tractors, ...) 

Á  Diesel engine modelling

Áblack-box: fuzzy modelling

Ágrey-box: analytical approach

Á  Control system strategy

üElectronic Control Unit (ECU)

ÁControl scheme on-board real implementation

ÁAutomatic software (GUI) for model identification & controller 

calibration/fine tuning   
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Final Tool (Simulink ® )

Controller

BOSCH

Scheduled PI 

+ 

anti wind-up

Instead of the 

real process!

Designed for

the real engine

Fuzzy Model
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Computerised Decision Support Systems for Oral 
Anticoagulant Treatment Dose Management

×Decision support in anticoagulation drug therapy

üUsed to learn the prescribing behaviour of expert 

physicians/clinicians or to learn the outcomes associated with such 

decisions

×Anticoagulant drug therapy inhibits or delays coagulation of 

the blood

ü INR (International Normalised Ratio): international standardised 

method of reporting a patientôs prothrombin time (the time it takes for 

the patientôs blood to clot)

üDrug therapy prescription based on statistical analysis (i.e. model-

free approach)
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Final Tool: NN PC (Simulink ® )



Development of Fault Tolerant NGC 
(Navigation, Guidance & Control) 

Algorithms for CUAV (Civil Unmanned 
Aerial Vehicle) Patrolling & Rescue 

Missions in Harsh Environment

An Integrated Fault Detection & 
Isolation (FDI) and Fault 

Tolerant Control (FTC) Design 
for an Aircraft Model
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Project Points

×Guidance, navigation and control (GNC) 

algorithm testing for trajectory tracking  

üFault Detection and D iagnosis (FDD) +  

Fault Tolerant control (FTC) algorithms  

×Civil Unmanned Aerial Vehicle (CUAV) 

demonstrator development (ultra -light 

aircraft)
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Project Details

ü Increased payload (60-70 kg versus 3-4 kg)

ü Pilot available on-board (longer flying distance) 

ü Take off from any aerial space & from small civil airports

ü Ultra-light aircraft may not requite strict aeronautic 

regulations,  homologation, maintenance, ...

ü Real fault testing, generated on-board with electronic & 

electro-mechanic devices (e.g. clutches, ...)

ü National Instruments PXI and FPGA(vs. CompactRIO)
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FDI/ FDD/FTC Main Topics

üBrief sketch on fault tolerant control schemes

ÁPassive Fault Tolerant Control Schemes (PFTCS) vs. 

Active Fault Tolerant Control Schemes (AFTCS)

üAFTCS: from Fault Detection and Isolation (FDI) to 

Fault Detection and Diagnosis (FDD)

üA novel AFTCS scheme developed by means of an 

FDD module based on NonLinear Geometric 

Approach Adaptive Filter (NLGA-AF)
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Main Topics

üThe FDD module and the Guidance Control 

System (GCS) are independently designed

üCase study

ÁTest of the AFTCS by means of a PA-30 flight simulator 

with wind

ÁPiper PA-30 similar to the ultra-light CUAV

üStandard Guidance and Control System (GCS)

üActuator faults
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PFTCS and AFTCS

üPassive Fault Tolerant Control Scheme (PFTCS)
ÁControllers are fixed and designed to be robust against a 

class of assumed faults

ÁFault estimate (or detection) or controller reconfiguration 
not needed, but only limited fault-tolerant capabilities

üActive Fault Tolerant Control Scheme (AFTCS)
ÁAFTCS reacts to the system faults actively by reconfiguring 

control actions so that the stability and acceptable 
performance of the entire system can be maintained

üPictorial examples... 
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PFTCS and AFTCS (Contôd)

PFTCS vs. AFTCS

Robust w.r.t worse-

case scenario 

Control action reconfiguration and 

adaptation 
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AFTCS via a Novel  FDD

VThe FDD (new) estimates  
the actual fault

VThe NGC module provides 
the exact tracking of the 
reference signal 

üA logic-based switching 
controller not required!

üFault conditions do not 
modify the system 
structure, thus 
guaranteeing the global 
stability
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FDD Module

üFDD via NonLinear Geometric Approach (NLGA) 

Adaptive Filters (NLGA-AF)

ÁDisturbance decoupled filters with the NLGA

ÁNLGA determines an equivalent representation of the 

aircraft model highlighting a subsystem affected by the 

fault and decoupled from disturbances and other faults

üAdaptive Filter based on the least-squares 

algorithm with forgetting factor


