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- Dubois, D., Prade, H. Soft computing, fuzzy logic, and artificial
intelligence. Soft Computing Volume 2, 1998.

q Soft computing includes fuzzy logic, neural networks and meta-heuristic
algorithms, as well as their hybrid combinations.

q Modern artificial intelligence  includes the theoretical developments and 
applications of soft computing techniques.

- Ronald R. Yager Fuzzy Sets and Systems Fuzzy logics and artificial
intelligence. Fuzzy Sets and Systems Volume 90, Issue 2, 1997.
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σx(t)= !x(t)
or x(t +1)
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Vehicle dynamics and road curvature estimation for lane departure warning system
using robust fuzzy observers: Experimental validation.
Vehicle System Dynamics Journal, 2015. (PhD thesis of H. Dahmani)
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Vehicle dynamics and road curvature estimation for lane departure warning system
using robust fuzzy observers: Experimental validation.
Vehicle System Dynamics Journal, 2015. (PhD thesis of H. Dahmani)
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M. Chadli, I. Zelinka, T. Youssef. Unknown inputs observer design for fuzzy systems with application to 
chaotic system reconstruction. Computers & Mathematics with Applications 66 (2), 147-154. 2016
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Agent  
i: 1..4
Agent  
i: 1..4

q ��:�	���������� &������"�����.� 
������� �������������� ������

+

Reference 
Model

Controller

Observer

++
NL 

System 
(TS/qLPV)

w(t)
( )u t

( )rx t

( )y t

( )f t
FTCu

D Saifia, M Chadli, et al. Robust H∞ static output feedback control for discrete fuzzy systems with actuator
saturation via fuzzy Lyapunov functions. Asian Journal of Control, 2019.
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Ø Actuator faults (VTOL)

M. Chadli,  S. Aouaouda , P. Shi. Robust fault tolerant tracking controller design for a VTOL aircra?. 
Journal of the Franklin Ins<tute Volume 350, Issue 9, 2013.

Fault Tolerant Control – A strategy

Example of FTCS strategy: VTOL (Vertical Takeoff and Landing) 

������� �

������	�



�� ������ 17

• �������� �
ü �
�
��
� ��� ���� ��
��
��� ���	��
 ����
ü �
����� �� ��� �	�
 ���� 	������ ��
 ��
��
��� ���	�� ��

��
 ����	��� ����
��	����
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Observer (UIO)

Nonlinear System
u(t) y(t)

f(t)

In full frequency domain

x̂(t)

f̂ (t)
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fonction de la fréquence des signaux externes
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Full Frequency
Domain

Low Frequency
Ranges

Middle 
Frequency

Ranges

High 
Frequency

Ranges
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Motivation : Vertical vibrations in frequencies between 4 Hz and
8 Hz are the most sensitive range for the human
body. (Norm ISO2361)
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d(t)

Nonlinear System
u(t) y(t)

f(t)

Fault Detection Filter

x̂(t)

r(t)= y− ŷ

f̂ (t)

§�∞ �

§ �� �

§ Estimation:

Ø 
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x̂(t), f̂ (t)
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ü UIO-Multiobjective design	:
!z(t)= N

σ
z(t)+G

σ
u(t)+L

σ
y(t)

x̂(t)= z(t)−Ey(t)

⎧
⎨
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⎩⎪⎪
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!x(t)= A
σ
x(t)+B

σ
u(t)+R

σ
d(t)+F

σ
f (t)

y(t)=Cx(t)+Dd(t)+Hf (t)

⎧
⎨
⎪⎪

⎩⎪⎪

lim
t→∞
x̂(t)−x(t)( )→ 0
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ü UIO-Multiobjective design	:
!z(t)= N
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z(t)+G
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u(t)+L
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y(t)

x̂(t)= z(t)−Ey(t)
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!x(t)= A
σ
x(t)+B

σ
u(t)+R

σ
d(t)+F

σ
f (t)

y(t)=Cx(t)+Dd(t)+Hf (t)
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Nonlinear System
u(t) y(t)

f(t)

Fault Detection Filter

x̂(t)

r(t)= y− ŷ

f̂ (t)
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f(t) and d(t)

Low Frequency
Ranges

Middle 
Frequency

Ranges

High 
Frequency

Ranges
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x t t A x t Bu t R d t F f t

y t Cx t Dd t Hf t

µ z
=

=

ì = + + +ï
í
ï = + +î
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• ��	�.	��� �
 �
���� d(t) � ωd ∈ Ωd
m = {ω

d
∈ ! | ω

d1
= 0.5≤ ω

d
≤ ω

d2
= 1}

• ��	�.	��� �
 �
���� f(t) � ω
f
∈ Ω

f
l = {ω

f
∈ ! | ω

f
≤ ω

fl
= 0.3}

d(t)

Nonlinear System
u(t) y(t)

f(t)

Fault Detection Filter

x̂(t)

r(t)= y− ŷ

f̂ (t)
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Solution	:

1

48.5957 20.4247 15.2247
13.5244 8.6546 7.8692
0.8131 0.6916 2.2464

N
- - -æ ö
ç ÷= -ç ÷
ç ÷- - -è ø

2

49.7451 29.8316 12.3870
13.4709 8.9321 9.8851
0.7446 0.8115 2.0202

N
- - -æ ö
ç ÷= -ç ÷
ç ÷- - -è ø

1

0.1525
0.9082
0.0231

G
æ ö
ç ÷= ç ÷
ç ÷-è ø

1

10.1464 8.8850
16.4256 18.0037
0.6673 0.6274

L
-æ ö
ç ÷= -ç ÷
ç ÷-è ø

2

0.0763
1.2041
0.0115

G
æ ö
ç ÷= ç ÷
ç ÷-è ø

2

29.8558 28.5168
14.4456 15.9344
1.1722 1.1284

L
-æ ö
ç ÷= -ç ÷
ç ÷-è ø
1.6950 1.6950
0.8164 0.8164
1.0461 1.0461

E
-æ ö

ç ÷= -ç ÷
ç ÷-è ø

0.4401, 1.4106bg ==
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• ��	�.	��� �
 �
���� d(t) � ωd ∈ Ωd
m = {ω

d
∈ ! | ω

d1
= 0.5≤ ω

d
≤ ω

d2
= 1}

• ��	�.	��� �
 �
���� f(t) � ω
f
∈ Ω

f
l = {ω

f
∈ ! | ω

f
≤ ω

fl
= 0.3}

�������	���� ��	�����

�����-
������� ����
���� � �������
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-29#5$5&5$( $:�3�%�$#��without H_ -29#5$5&5$( $:�3�%�$#��withH_

�� �,������ �� �,����� 	�
� ����� �� �����.� ������ �� ������ ��!! ����� ����
���� ������ ���
��� ������ ��!! � ����� ���, ��� ������ �������
 ���
���
������� 
%$:8�$51� ��� ��)	�� ���
�

maximisation	of	sensitivity (with H_)

���%#$"�$5&2 2A�8!�2�

�%�$5:0�21$5&2 #(9$42#5# � ��� ��,
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Agent  
i: 1..4q �!�:����/�:� 
#�:/�� � ��������/�

q �"/�:������/�/. �����:�������:���
��� �#�/����#��-�� 
#�:/��

q ���:���!:/. 	���	�


q 	��-:��������./� �#�:/��

���������	��
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Thank
you for your attention
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