
  

  

Abstract— In this paper, hybrid observers based approach 

for faults detection and isolation, for a class of MIMO hybrid 

systems, is proposed. The faults herein considered can affect 

the sensors or the discrete trajectory of the considered system. 

The proposed approach is based on a Dedicated Switched 

Robust Observer Scheme (DSROS) using three blocks in 

interaction. A block generating the mode signatures, a one for 

the fault signature generation and the last for the diagnosis of 

observed discrete events. Some LMIs conditions are provided 

to guarantee both of the robustness and the convergence of the 

proposed observers. Finally some simulation results illustrate 

the efficiency of the proposed approach. 

I. INTRODUCTION 

YBRID systems have been the subject of intensive 

study in the past few years by both of the control and 

the computer science communities [1] (see also previous 

works of authors  [17, 18] for observation problem and  

[20] for control) . Recently, different hybrid system 

techniques have been applied to several industrial domains 

where the fault detection and isolation (FDI) are needed to 

guarantee reliability and safety.  

Generally, the procedure of FDI can be viewed as a 

sequential process involving in two steps: the fault 

detection, and the fault diagnosis. Fault detection is 

concerned with extraction of relevant features that indicate 

the existence of a fault, whereas, fault identification refers 

to the dimensional, spatial and temporal locations and 

categorization of a fault or a set of faults. Recently, FDI 

techniques for hybrid systems, has gained increasing 

consideration world-wide. Among them, several techniques 

such the state estimation and/or parameters estimation have 

been investigated to deal with FDI for linear Hybrid 

Dynamic Systems (HDS) [2]. Moreover, most of the 

existing fault detection and localization approaches are 

performed by continuous or discrete abstraction of the HDS 

[8, 19]. However, these approaches are not efficient when 

both the continuous behavior and discrete events are 

required together to achieve the diagnosis task. To 

 
This work is supported by the Region Champagne Ardennes within the 

CPER MOSYS and by the GIS 3SGS within the framework of COSMOS 

2 and DICOP projects. 

Belkhiat, Manamanni and Messai are with CReSTIC-URCA, Reims 

Champagne Ardenne University, France. Djemaï is with Univ. Lille Nord 

de France, F-59000 Lille, France, UVHC, LAMIH, F-59313 

Valenciennes, France, CNRS, UMR 8201, F-59313 Valenciennes, 

France,. Emails: {djamel.belkhiat, noureddine.manamanni, 

nadhir.messai}@univ-reims.fr;  mohamed.djemai@univ-valenciennes.fr. 

overcome that, the authors in [9] combine qualitative and 

quantitative strategies to efficiently identify a candidate 

fault set and to refine this set. More recently, a hybrid 

system diagnosis methodology based on hybrid automata 

models has been presented in [10]. Therein, the proposed 

architecture is composed of modules that realize both 

recognition and diagnosis tasks on a predictive model 

generating some residuals.  

In addition, even if several attempts for FDI, for some 

particular classes, of HDS have been made [3], it seems that 

only few works consider the case of HDS characterized by 

modeling errors, noise measurements and external 

disturbances [4-7]. 

The problem addressed in this paper aims at providing a 

FDI approach for a class of Switched Linear Systems 

(SLS), subject to unknown inputs and modeling errors, 

without full state measurements. Two kinds of faults are 

herein considered. On the one hand, one deals with the 

detection and the isolation of the faults affecting the 

continuous part and more precisely those related to the 

sensors. On the other hand, faults causing a switching to an 

abnormal mode and/or to a no successor discrete mode will 

be considered as faults affecting the discrete part of the 

SLS. Hence, the main contribution of the paper consists in 

the proposition of a Dedicated Switched Robust Observer 

Scheme (DSROS) to a class of MIMO SLS for the purpose 

of sensor fault isolation. For that, the robust fault detection 

and isolation problem is considered as a H∞  model 

matching, allowing a suitable trade-off between robustness 

to the unknown inputs and the sensitivity to faults. The 

proposed DSROS allows also the detection of the fault 

affecting the discrete trajectory thanks to a discrete event 

based diagnosis approach.  

The paper is organized as follows: Section 2 presents the 

considered class of HDS and gives an overview about the 

proposed diagnosis approach. Section 3, details the scheme 

of the dedicated switched robust observer and provides the 

main results of the paper. Finally, a numerical example 

illustrates the efficiency of the approach.  

II. CLASS OF HDS AND DIAGNOSIS APPROACH 

A. Switched Linear system 

Let us consider the following class of switched linear 

systems: 
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( ) ( ) ( )= + +
qq t q t d t

x A x B u B d�   (1) 

( ) ( ) ( ) ( )= + + +
q t

dq t q t q t
y C x D u D d f   (2) 

where n
x∈ℜ  is the state vector, m

u ∈ℜ  is the input vector, 
py ∈ℜ  is the measurement (output) vector, m

d ∈ℜ  is the 

unknown input vector (including disturbance, uninterested 

fault as well as norm-bounded unstructured model 

uncertainty, noise). pf ∈ℜ  are the faults to be detected and 

isolated. ( )q t  is an index function { }:[0 ) 1, ,Nq I N∞ → = �  

deciding which linear vector field is activate. ( )q t
A , ( )q t

B , 

( )q t
C , ( )q t

D , 
( )q t

dB , 
( )q t

dD  are known constant matrices with 

appropriate dimensions. Without loss of generalities, d  and 

f  are assumed to be 
2L -norm bounded and for the task of 

DSROS synthesis, ( )q t
C  and ( )q t

D  will be written as: 

( ) ( )( ) ( )( ) ( ) ( )( ) ( )( )1 1,
T T

T T T T
p p

q t q tq t q t q t q t
C DC C D D� � � �= =� � � �� � � �

� �

 

where for 1i p= � , ( )
i

q t
C  and ( )

i

q t
D  are respectively the i

th
 

row of ( )q t
C  and ( )q t

D .  

Along this work, one assumes that only a single sensor fault 

can occur or a switching to an abnormal (not successor 

mode) can occur. Moreover, the dedicated switched 

observer scheme will be designed by considering that only 

the discrete switching sequence is known (the active mode 

is not known at each instant) and that all the SLS modes are 

observable and discernable. 

B. Hybrid System Diagnosis Approach 

The proposed diagnosis methodology is illustrated in Fig.1. 

It is based on the interaction between “normal” model of the 

SLS and three main blocks called Mode Signature 

Generator (MSG), Fault Detection and Isolation (FDI) and 

Mode Identification & Fault Diagnosis (MIFD). The MSG 

block receives the system’s inputs ( )u  and system’s 

outputs ( )y . Its task is to generate the N  mode signatures 

related to the normal modes of the SLS. In the same way, 

the FDI block generates the fault signatures, which are 

sensitive only to a single sensor fault. These signatures are 

obtained by comparing the estimated and the measured 

outputs. Finally, MIFD block is viewed as a deterministic 

finite state machine that is built from the normal discrete 

trajectory of the considered SLS. In figure 1, we denote by 

qr
σ  the mode signature, 

Nq I∈ , and 
qzσ  the fault signature, 

Pq I∈ , where { }1, ,pI p= � . 

III. THE PROPOSED FDI METHODOLOGY 

A. The Mode Signature Generator block 

This block is used to detect a switching from a mode to 

another one, which can be either a normal or a faulty mode. 

It is based on a bank of observers, which are synthesized 

taking into account the unknown inputs. The MSG which 

will generate the N signatures corresponding the all the 

normal behaviors of the systems, can be, more precisely, 

described by a cascade of two blocks [13] (Fig. 2).  
 

 
Fig. 1. Hybrid diagnosis methodology. 

 

 
Fig. 2. MSG structure. 

 

The first block of the MSG generates the residuals and it is 

based on a bank of N  Luenberger observers: 

( ) ( ) ( ) ( )ˆ ˆ ˆ= + + −
q t q t q t

x A x B u K y y�  (3) 

( ) ( )
ˆ ˆ= +

q t q t
y C x D u  (4) 

( )
ˆ

q t
r y y= −   (5) 

where ˆ n
x ∈ℜ  and ˆ py ∈ℜ  represent respectively the state 

and the output estimation vectors, 
qr  is the so-called 

residual signal. ( )q t
K  is the observer gain matrix (the index 

time will be omitted in the next when there is no 

ambiguity). 

Let ˆe x x= −  be the observation error, then its dynamic and 

the residual signal can be expressed as: 

( ) ( )= − + −
q qq q q d q de A K C e B K D d�  (6) 

= +
qq q dr C e D d   (7) 

Now, in order to guarantee the asymptotic stability of 
qr  as 

well as the robustness of the observer regarding the 

unknown inputs, the following condition should be verified 

for given scalar 0qγ > : 
2 22

22
0q qr dγ− <   (8) 

Finally, the observer gains 
qK  can be calculated using the 

following lemma: 

Lemma 1.  Consider the switched linear system (1) and (2) 

with the bank of N  observers (3)-(5). System (6)-(7) is 

asymptotically stable and satisfies (8) if there exist the 

matrices 0
T

q qP P= > , qK  such that the following LMIs 

hold: 

2
* 0

* *

q q

q

T T T T

q q q q q q q q q d q d q

T

q d

A P P A M C C M P B M D C

I D

I

γ

� �+ − − −
� �

− ≤� �
� �

−� �� �

  (9) 

where: q q qM P K= .  
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Proof. Due to space limitation, the proof is omitted in this 

paper. For more details, the reader can refer to the work of 

[4]. 
 

On the other hand, the second block of the MSG (Fig. 2) 

consists of a decision function, which exploits the given 

signatures and delivers N binary signals indicating the 

active mode of the SLS. These signals are obtained as 

follows, for ( )1, , , σ=
qr

q N t�  is true ( )qif r t ε≤  and 

( )
qr

tσ  is false ( )qif r t ε> , where ε  is a designed 

threshold parameter.  

B. The Fault Detection & Isolation block 

This section extends our previous results [4] on the fault 

detection where the SLS were characterized by known 

switching conditions. Now, we deal with MIMO SLS with 

unknown switching conditions. Moreover, we consider the 

more challenging problem of the fault localization and 

isolation. The proposed FDI approach is based on the 

design of a bank of DSROS illustrated in Fig. 3. The latter 

can be viewed as an extension of the dedicated observer 

scheme originally proposed in [14] to handle with sensor 

fault isolation for LTI systems. The idea behind that is quite 

simple. In fact, under the assumption that p  sensor faults 

have to be detected and isolated, p  residual generators are 

then constructed, and each one of them is driven by only 

one output. 

( ) ( )1 1 1
, ,

TT

p p p
z z F u y F u y� �� � =� � � �� �   (10) 

where ( ),i iF u y , 1, ,i p= � , stands for a function of the 

inputs and i
th

 output 
iy . It is obvious that the i

th
 residual, 

iz , will only be influenced by the i
th

 sensor fault 
if , and it 

thus can guarantee a sensor fault isolation. 

Thus for the case of a MIMO SLS, the i
th 

robust hybrid 

DSROS for the system (1)-(2) can be defined as:    

( )ˆ ˆ ˆ
ˆ ˆ ˆ= + + −i

q q q i ix A x B u L y y�  (11)  

ˆ ˆ
ˆ ˆ= +i i

i q qy C x D u  (12)  

ˆ
i i iz y y= −  (13) 

As depicted in Fig. 3, the estimated discrete state issued 

from the MIFD block (Fig. 2) and called “Mode”, is used 

by the DSROS to construct an estimate of the continuous 

state. 

However, the estimation of the discrete state is not 

instantaneous and requires a delay. Thus, when the system 

state evolves in the mode q  and the observer in the mode 

q̂ , the dynamics of the observation error and the residual 

signal can be expressed as: 

ˆ ˆ ˆ ˆ, ,= + ∆ + ∆ + −
q

i i i i i i

q q q q q d q qe A e A x B u B d L f�   (14) 

ˆ ˆ ˆ, ,= + + ∆ + ∆ +
q

i i i i i

i q d q q q q qz C e D d C x D u f   (15) 

with: ˆ ˆ ˆ ˆ

i i i

q q q qA A L C= − , ˆ ˆ ˆ ˆ, , ,

i i i

q q q q q q qA A L C∆ = ∆ − ∆ , ˆ ˆ,

i i i

q q q qC C C∆ = − , 

ˆ ˆ ˆ ˆ, , ,

i i i

q q q q q q qB B L D∆ = ∆ − ∆ , ˆ ˆ,q q q qB B B∆ = − , ˆ ˆ,

i i i

q q q qD D D∆ = − ,

ˆq q q

i i i

d d q dB B L D= − , ˆ ˆ,q q q qA A A∆ = − . 

One can remark that the dynamics of the residual signal 

depend on i

qf , d  and also on the states x  and the inputs 

u . Hence according to (14), equation (15) can be rewritten 

as : ( ) ( ) ( ) ( ) ( )x u d f

i i i i iz t z t z t z t z t= + + +   (16) 
 

 

 
Fig. 3: Scheme of the proposed DSROS 
 

The design of a robust hybrid DSROS, consists in deriving 

matrices ˆ

i

qL  such that ( )ˆ ˆ ˆ

i i

q q qA L C−  are asymptotically stable.  

The proposed design approach will provide the conditions, 

the boundedness of both x

iz  and u

iz  and the asymptotic 

stability of d

iz  and f

iz . 

In addition, the robustness of the DSROS can be guaranteed 

if the following conditions as satisfied for given scalars 

ˆ 0qγ >  and ˆ 0qβ > : 

2 22

ˆ 22
0d

i qz dγ− <    (17) 

2 2
2

ˆ
22

0f

i q qz fβ− >   (18) 

Note that the first condition (17) concerns the component 
d

iz  and is used to attenuate the effect of the disturbances 

and the unknown signals. While the second condition (18), 

concerns the component f

iz  and is used as a measurement 

in the worst-case fault sensitivity of the residuals signals.  
 

1) Boundedness study of x

iz  and u

iz  

According to (14) and (15), the following relations yield: 

ˆ ˆ,

ˆ ˆ,

� = + ∆�
	

= + ∆�


i i

x q x q q

x i i

i q x q q

e A e A x

z C e C x

�

  (19) 

and 
ˆ ˆ,

ˆ ˆ,

� = + ∆�
	

= + ∆�


i i

u q u q q

u i i

i q u q q

e A e B u

z C e D u

�

  (20) 

We can remark that x

iz  and u

iz  are bounded when ( )xe t , 

( )ue t , ( )x t  and ( )u t  are bounded.  
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Note that, in the sequel of the paper, ( )
†

.  will denote the 

pseudo-inverse of ( ). , and the symbol ( )*  in the matrix at 

position ( ),i j  denotes the transpose of the matrix element 

at the position ( ),j i . In addition, we define by 
we  the sum 

of 
xe  and 

ue .  

Theorem 1. Consider the switched linear system (1) and 

(2) with i
th

 DSROS (11)-(13) and suppose that for 
0 0T >  

we have ( )
0

maxsup
t T

x t x
>

≤  and ( )
0

maxsup
t T

u t u
>

≤ . 

Assume there exist matrices ( )ˆ ˆ 0
T

i i

q qP P= ≥ , ˆ

i

qL , and 

positive scalars , ,ε α ξ , ˆ , 0q qv ≥  and ˆ , 1q qµ ≤ , such that the 

following set of matrix inequalities is satisfied: 

ˆ1. i

qI P Iα ξ≤ ≤                     ˆ
Nq I∈ , pi I∈   (21) 

11

ˆ ˆ ˆ, ,

2

ˆ,

2. 0
*

i i

q q q q q

q q

P A

v Iε

� �Γ ∆
≤� �

−� �� �
  ( )ˆ, ,s pq q I i I∈ ∈    (22) 

11

ˆ ˆ ˆ, ,

2

ˆ ,

3. 0
*

i i

q q q q q

q q

P B

v Iε

� �Γ ∆
≤� �

−� �� �
  ( )ˆ, sq q I∈ ,  pi I∈   (23) 

ˆ ˆ,4. 0
i i

q q q qP Pµ− <                 ( )ˆ, sq q I∈ , pi I∈   (24) 

with: ( )11

ˆ ˆ ˆ ˆ ˆ ˆ, , .
T

i i i i

q q q q q q q qA P P A I v IΓ = + + +   

Then, the state estimation error 
we  is bounded by: 

( ) ( )max maxlimsup
1

w
t

v
e t x u

v

ξ
ε

α→∞
≤ +

+
  (25) 

where v  is the largest ˆ ,q qv , ( )ˆ, sq q I∈  and ˆ

i n n

qR
×∈ℜ  is a 

symmetric positive definite matrix. 

Proof: due to space limitation, the proofs are omitted. 

Nevertheless, some key points can be found in [4]. 
 

2) Convergence analysis and robustness of the DSROS 

In this section, we will study separately the components d

iz  

and f

iz  of the residual. Then, we will formulate the DSROS 

design problem as a model-matching one and solve it. 

According to (14) and (15), the following relations yield: 

ˆ

ˆ

� = +�
	

= +�


q

q

i i

d q d d

d i i

i q d d

e A e B d

z C e D d

�

 (26) 

and 
ˆ ˆ

ˆ

� = −�
	

= +�


i i i

f q f q q

f i i

i q f q

e A e L f

z C e f

�

 (27)  

Regarding the component d

iz , one proposes the use the 

following lemma (bounded real lemma) to ensure the 

asymptotic stability of (26) and to reduce the impact of the 

unknown inputs vector.  

Lemma 2.  Consider the switched linear system (1) and (2) 

with i
th

 DSROS (11)-(13), system (26) is asymptotically 

stable and satisfies (17) if there exist matrices 

( )ˆ ˆ 0
T

i i

q qP P= >  and ˆ

i

qL  such that the following LMIs hold: 

( ) ( ) ( )

( ) ( )
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

2

ˆ* 0

* *

q q

q

T T T
T i i i i i i i i i i

q q q q q q q q q d q d q

T
i i

q d

A P P A M C C M P B M D C

I D

I

γ

� �+ − − −
� �
� �

− ≤� �
� �

−� �
� �

(28) 

with: ˆ ˆ ˆ

i i i

q q qM P L= .  

In the same way, dealing with the component f

iz , the 

following lemma ensures the asymptotically stability of the 

system (27) and increases significantly the sensitivity of the 

residual signal to the faults.  

Lemma 3. Consider the switched linear (1) and (2) with the 

i
th

 DSROS (11)-(13), system (27) is asymptotically stable 

and satisfies (18) if there exist matrices ( )ˆ ˆ 0
T

i i

q qP P= >  and 

ˆ

i

qL  such that the following inequality holds: 

( ) ( ) ( )

( )

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

2

ˆ

0

*

T T T
T i i i i i i i i i i

q q q q q q q q q q q q

i

q

A P P A M C M C C C C M

I Iβ

� �+ − − − +
� � ≤
� �

−� �� �

 (29) 

Finally, one can state the following theorem ensuring both 

the convergence and the robustness of the synthesized 

DSROS. 

Theorem 2. Consider the switched linear system (1) and (2) 

with the i
th

 DSROS (11)-(13). The residual (15) is bounded 

and satisfies (17) and (18) if there exist matrices 

( )ˆ ˆ 0
T

i i

q qP P= >  and ˆ

i

qL  such that LMIs (21), (22), (23), (24), 

(28) and (29) hold. � 
 

Remark: For the task of residual evaluation, this work 

adopts the so-called norm based residual evaluation 

approach. Thus, faults can be detected using the following 

criterion, 1, ,for i p= � , ( )
iz tσ  is true (alarm), 

( )
2,i thT

if z t J>  , and ( )
iz tσ  is false (no alarm), 

( )
2,i thT

if z t J≤ . ( ( ) ( ) ( )
2

1

2,

t
T

i i iT
t

z t z t z t dt= � ) 

where: ( ) ( ) ( ) ( )
2, 2,

x u d f

i i i i iT T
z z t z t z t z t= + + +  

with ( ) ( ) ( )
2

2 1 , 02,
, ,

, sup , | i

c c

th th d i i i fT
x u d L

T t t J J z t z t z t
=

∈

= − = = = .  

C. Mode Identification & Fault Diagnosis block 

The proposed MIFD is a discrete event based block where 

the mode and the fault signatures are abstracted in terms of 

discrete events ([16], for example). These discrete events 

are merged into the original model describing the discrete 

dynamic of the considered MIMO SLS. The MIFD block, 

which guarantee the detection and the localization of sensor 

faults as well as the transition to a no successor mode can 

be viewed as a finite state machine defined as a quintuple 

given by: ( )ˆ, , , , ,MIFDD Q Init E γ= Σ Ψ . 

• ˆ ˆ ˆ ˆ
N d sQ Q Q Q= ∪ ∪  is the set of discrete states with : 
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{ }ˆ ˆ ˆ,N N N NQ q q I= ∈  is the set of discrete state corresponding 

to a normal behavior. { }ˆ ˆ ˆ,d d d NQ q q I= ∈  is a set of discrete 

state that is used, for the diagnosis task, to represent 

abnormal switching from a normal mode to another normal 

one but which doesn’t respect the normal discrete 

trajectory. { }ˆ ˆ ˆ,s s s pQ q q I= ∈  is the set of discrete state 

corresponding to the occurrence of the sensor fault.  

Let us also note ( ) ˆˆ
ns dq QΦ ⊂  all the sates that are not 

successors to q̂  and ( ) ˆˆ
s Nq QΦ ⊂ all the normal successors 

of the discrete states q̂ , 

• { }M F eεΣ = Σ ∪ Σ ∪  is the set of discrete events; with: 

MΣ  is the set of discrete events corresponding to the 

occurrence of the mode change. 
FΣ  is the set of discrete 

events corresponding to the occurrence of the sensor fault. 

eε  is the “null” event. Let us note ( )ˆ
s MqΣ ⊂ Σ  the set of 

discrete events representing the transition to the successor 

states of q̂  and ( )ˆ
ns MqΣ ⊂ Σ  the set of discrete events 

representing abnormal switching from the active mode q̂ . 

• Ψ : is the set of discrete outputs. 

• ˆInit Q⊂  denotes the set of discrete initial states. 

• ˆ ˆE Q Q⊂ × Σ ×  is a collection of discrete transition. 

• : Eγ → Ψ  is a mapping that associates a discrete output 

to each discrete transition. 
 

For the diagnosis task, one supposes that the generated 

residuals have already reached their steady state. 
 

Without loss of generalities, the construction of the 

diagnoser can be summarized as follows. The MIMO SLS 

starts initially in a normal state 
0 Nq Init∈  and the diagnoser 

MIFDD  is initialized in 
0

ˆ
Nq . Then, after the occurrence of an 

observed event σ ∈Σ , three cases can be distinguished. The 

first one corresponds to the occurrence of a discrete event 

σ , which belongs to the set ( )0
ˆ

s NqΣ . The observation of 

this event, which corresponds to a normal behavior, will 

switch the diagnoser to another mode ( )1 0
ˆ ˆ

N s Nq q∈Φ . Thus, 

the output generated by the diagnose after the occurrence of 

the transition ( )0 1
ˆ ˆ, ,N Nq qσ  will be null indicating that the 

systems is in its normal trajectory.  

The second case corresponds to the occurrence of a discrete 

event σ , which belongs to the set ( )0
ˆ

ns NqΣ . Thus, the 

discrete state of the diagnoser 
MIFDD  switches to the 

discrete state 
1

ˆ
dq  following the transition ( )0 1

ˆ ˆ, ,N dq qσ , 

where ( )1 0
ˆ ˆ

d ns Nq q∈Φ . In this case, the diagnoser generates 

a discrete output 
dο ∈ Ψ  indicating the presence of a 

discrete fault. 

The third case corresponds to the occurrence of a discrete 

event σ , which belongs to the set 
FΣ . Thus, the discrete 

state of the diagnoser  
MIFDD  switches to discrete state 

1
ˆ

sq  

following the transition  ( )0 1
ˆ ˆ, ,N sq qσ , where 

1
ˆˆ

s sq Q∈ . In 

this case, the diagnoser generates a discrete output 
sο ∈Ψ  

indicating the presence of a sensor fault. 

IV. SIMULATION AND RESULTS 

Let us consider the following MIMO SLS with three 

discrete modes.  
 

Mode 
1q : 1

20.7 0.46

21.2 27.3
A

− −� �
= � �−� �

, 
1

10.1

63.7
B

� �
= � �
� �

, 
1

9.8

0
dB

−� �
= � �
� �

, 

1

144 3.74

0 1
C

−� �
= � �
� �

, 1

71

0
D

� �
= � �
� �

, 
1

1.4

0
dD

−� �
= � �
� �

. 

Mode 
2q : 2

9.66 0.88

21.2 12.7
A

− −� �
= � �−� �

, 2

4.73

63.7
B

� �
= � �
� �

,
2

0.7

0
dB

−� �
= � �
� �

, 

2

145 1.31

0 1
C

−� �
= � �
� �

, 2

71

0
D

� �
= � �
� �

, 
2

9.8

0
dD

−� �
= � �
� �

. 

Mode 
3q : 3

7.24 0.93

21.2 9.57
A

− −� �
= � �

−� �
, 3

3.55

63.7
B

� �
= � �
� �

, 
3

0.5

0
dB

−� �
= � �
� �

, 

3

145 1.31

0 1
C

−� �
= � �
� �

, 
3

71

0
D

� �
= � �
� �

, 
2

9.8

0
dD

−� �
= � �
� �

. 

Applying lemma 1, one can guarantee the robustness and 

the convergence of the MSG block observer’s with: 

1

0.0778 10.6348

0.1532 26.4310
K

−� �
= � �− −� �

, 
2

0.0619 0.5514

0.1211 11.0301
K

� �
= � �− −� �

 and 

3

0.0463 0.1794

0.1265 7.8068
K

� �
= � �−� �

 for 
1 77.6308γ = , 

2 9.8298γ =  and 

3 9.8773γ = . 

In order to illustrate the efficiency of the proposed 

methodology, an unknown input d  is assumed to be band-

limited white noise with power 0.01. The evolution of the 

mode signature 
1r  of the first subsystem of the SLS is 

illustrated by Fig. 4. We can note that both residues, 

corresponding to both output of the switched system, 

converge to zero when the switched system evolves in mode 

1. These residuals leave the zero when the SLS switches to 

another mode. This evolution can be stated in the same way 

for the modes 2 and 3. 

Now, for the localization task, one exploit the results 

provided by theorem 2, and can obtain the following gain 

matrices: 1

1

0.0739

0.1369
L

� �
= � �−� �

, 1

2

0.0518

0.1327
L

� �
= � �−� �

, 1

3

0.0430

0.1364
L

−� �
= � �−� �

, 

2

1

5.8190

12.8523
L

� �
= � �−� �

, 2

2

3.2011

8.3446
L

� �
= � �−� �

, 2

3

10.6888

9.3300
L

� �
= � �
� �

.  

Finally, in order to illustrate the sensitivity of the FDI block 

when a fault occurs, a fault signal 
qf  is considered from 90 

to 100 sec. This fault is simulated as a pulse of amplitude 1 

affecting the 1
st
 output when the SLS evolves in the 2

nd
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mode. The evolution of fault signature for both system’s 

outputs when the SLS evolves in mode 2 is illustrated in the 

Fig. 5. This figure shows that the components residual 

converge to zero when the SLS evolves in mode 2. After 

that, only the first component of the residue departs 

significantly from zero the fault occurs. Note that other 

simulations (not presented here) were performed regarding 

the faults affecting the discrete trajectory. The obtained 

results provided similar detection performances. 

V. CONCLUSION 

This paper considers the problem of fault detection and 

isolation for a class of MIMO switched linear systems. A 

dedicated switched robust observer scheme has been 

proposed to deal with sensor fault as well as abnormal 

switching from a discrete mode to another one.  The 

proposed scheme is based on three blocks in interaction an 

MSG block that generates the N  mode signatures related to 

the normal modes of the SLS. An FDI block generating the 

fault signatures, which are sensitive only to a single sensor 

fault and a MIFD block built from the normal discrete 

trajectory of the considered SLS. LMI conditions have been 

provided to guarantee both of the robustness and the 

convergence of the proposed scheme. Future works aims at 

considering the problem of fault tolerant control using the 

proposed scheme. 
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Fig. 4. The mode signature evolution of sub-system 1.   
 

0 10 20 30 40 50 60 70 80 90 100

-0.5

0

0.5

1

z
21

time t(sec)

0 10 20 30 40 50 60 70 80 90 100

-0.2

-0.1

0

0.1

z
22

time t(sec)  
Fig. 5. The fault signature evolution of sub-system 2.   
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