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Fault Tolerant Control (Part Two) 

PE course, 1 ECTS 
 
 

Zhenyu Yang 

 

 

Objective 
 

Investigate how to use some advanced control techniques for Fault Tolerant 
Control (FTC) design and analysis 

 
 
 
 
 

Content 
 

• Robust control techniques for FTC analysis and design (MM1-3) 

• Adaptive control techniques for FTC analysis and design (MM4) 

• Model predictive control techniques for FTC design          (MM5)      
 
 
 
 
 

Software 
 
 

Matlab/simulink with robust control toolbox 
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From Youmin Zhang’s lecture – FTC part one: 
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From Youmin Zhang’s lecture – FTC part one: 
 
 
 

 
 

One scheme of active fault tolerant control 
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Four parameter scheme for FDI (Robust control based design) 
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Starting: 
 
What does robustness mean?    
 
Insensitive to what – uncertainty  
 
 
e.g., person is sensitive to change of temperature: a little bit high or low – 
uncomfortable, reduce/add clothes -  take care of him, otherwise becomes sick! 
 
From engineering point of view, we are dealing with physical systems, systems run 
good or bad, depend on the features of the system – are they sensitive to the changing 
environmental situations? Especially unknown (at least cannot be known in advance) 
situations. (1) Unknown things are always all the time existing with us!  --called it 
uncertainty!   
 
Then, if the system operation is insensitive to the existing uncertainty, we say the 
system is robust – robustness (wrt. Some kind of uncertainty) is one feature of the 
system  
 
 
Why robustness?  
 

• System keeps a stable satisfactory operation if it is designed properly 
• System is reliable – especially safe-critical systems, e.g., aircrafts, nuclear 

reaction system,… 
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What’s the specific connection with FTC? 
 
FT system definitely needs robustness feature.  
 

• Faults may be detectable or not. Once the possible failures can be considered 
into the uncertainty tolerance of the system, then robustness of the system 
implies the fault-tolerance.   passive FTC methodology  

• Even though the faults can be detected through FDD, and then some 
reconfiguration will be taken to get the faulty system back normal or degraded 
performance, like the active FTC methodology, robustness of the whole 
procedure (robustness of system, robustness of method/procedure) is also 
unavoided: Robust FDD/FDI, robust (structure/control) reconfiguration due to 
the fact that the uncertainty exists anywhere and anytime. Within limited time 
(even though infinity time), we can’t get 100% accuracy of the system 
knowledge, fault estimation, changing environment etc. 

 
Robust active FTC is required!! 
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How to achieve/improve robustness of the system?  
 
First step: need to know how to do robustness analysis –  
 

• How to describe the uncertainty, especially in a quantitative way;  
• How to analyze the uncertainty influence of the system stability;  
• How to analyze the uncertainty influence of the system performance;  
• are there any available tools to help this kind of analysis.  

 
Second step: need to know some systematic and feasible way to achieve robustness – 
 

• Back the product design stage… 
• Through feedback control! 
 
 

ROBUST CONTROL THEORY AND ROBUST CONTROL 
TOOLBOX/MATLAB 

 
Sem8 robust control course,  
 
 
 
here two tasks:  
 

1. review the necessary knowledge of robust control and be able to run 
robust control toolbox for some robust analysis and synthesis 

2. how to use robust control theory in the FTC analysis and design.  
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