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SUMMARY

This paper presents an Adaptive Polytopic Observer (AP®igdein order to develop an actuator fault
estimation method dedicated to polytopic Linear Paramédeying (LPV) descriptor systems. This paper
extends a Fault Diagnosis (FD) method developed for redularsystems to polytopic LPV descriptor
systems. Here, time-varying actuator faults are also densd whereas in many papers actuator faults are
generally assumed to be constant. The design and convergenditions of this APO are provided. The
design is formulated through Linear Matrix Inequalitiesvill. techniques under equality constraints. The
performances of the proposed actuator fault estimatioarsehare illustrated using an electrical circuit.

Received ...
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1. INTRODUCTION

During the last three decades, both theoretical and expetahresearches on fault detection have
been intensively developed. For obvious economical reassystems in the real world have to
work perfectly at all time under all conditions. That's whyig crucial to be able to detect and
identify the possible faults that may affect a system ayearpossible in order to prevent significant
performance degradations or damages of the sygigiiBH]. Fault Detection and Diagnosis (FDD)
has been well studied for physical plants which were modeye@S fuzzy models. Recently Such
efforts studded by Jiang B. et al.q], have led to the development of a method for integratedsbbu
fault estimation and accommodation for a class of disdiete-nonlinear systems described by a
T-S fuzzy model. Also, dynamic output feedback fault-tatgrcontrollers have been developed by
Zhang K. et al. 1] for T-S fuzzy systems with actuator faults in which a fuzzygeented fault
observer is proposed to yield fault estimates and, basdueanformation of on-line fault estimates,
observer based output feedback fault-tolerant contbee designed. Nevertheless for nonlinear
systems it still remain a challeng2?.

By the way, some techniques have been developed to appr@ximatinear systems by Linear
Parameter Varying (LPV) models that can be used efficiemtlyepresent nonlinear systems as
in [4], [25] for a winding machine, 6] for a twin rotor system. These methods allow to apply
powerful linear design tools to complex nonlinear modelas®&l on this LPV representation
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2 RODRIGUES. ET.AL

of nonlinear systems, some researchers from the FDI comiynbaive developed model-based
methods using LPV ordinary models as &,[[5], and [L1]. Similar result is found in29] for
linear parameter-varying (LPV) systems the presented eddéthbased on multi-objective _/H
fault detection observer design. LPV sliding mode obseneve been largely introduced ki [

SO as to reconstruct the states of the system. A particudas af LPV systems is the polytopic
LPV form which allows to describe the system as a convex coatlun of sub-models defined by
the vertices of a convex polytop#d], [15], [12]. These sub-models are then combined by convex
weighting functions that yield to a global model.

Generally speaking, most of control and fault diagnosisioes for physical systems, use normal
(or regular) models i.e. there is no algebraic relationsvbeh the system variables. However,
Differential-Algebraic Equations (DAE) or implicit systes or singular systems or descriptor
systems are of quite importance for the physical repreentaf some systems[)], [10]. Such
systems appear for example in electrical circuits, medahrsystems with holonomic or non
holonomic constraints, robotic systems with kinematicaistraints and chemical systentl]
Some practical problems must take into account physicatcaints or algebraic relations and more
generally impulsive behaviors caused by an improper teainsftrix: see the following books on
singular systemsg], [9].

Various observer-based fault diagnosis methods for descrsystems have been proposed but
generally for Linear Time Invariant model&7]. The author in L9 studies an observer coming from
a continuous nonlinear descriptor systems via a convexnigdiion. Recently, a fault diagnosis
method to detect and estimate actuator faults for multi-@®descriptor systems represented by
using unknown input observerdH]. Therefore, in B] the authors have presented a method of
fault estimation for a particular class of discrete-timeVLBescriptor systems. The authors in
[16] and [L4], have proposed a polytopic unknown inputs and proportioriagral observers for
LPV descriptor systems respectively. These observerssa to detect and isolate actuator faults.
However, all these observers can only estimate constalts f&hich is a restrictive condition.

In order to estimate both constant and time varying faulisAdaptive Polytopic Observer is
proposed in this paper. In many applications where the peaterym are unknown and states are not
accessible, adaptive observer appears to be a valuablednathstimation of both parameters and
states of the system. 12§] the authors have presented an adaptive fault diagnoséswedysaapproach
dedicated to regular LTI systems which can detect and etiomnstant faults. In32], the authors
have designed an adaptive observer so as to estimate tilyiegydaults but only for regular LTI
systems.

Thus, this paper proposes an Adaptive Polytopic ObserveO)Xor a class of LPV descriptor
systems. Fault Diagnosis for descriptor LPV system still agr® a challenge and as far as
authors knows there are very few papers for such systemsdhaider time-varying actuator fault
estimation under disturbances. In literature, most oftfdidlgnosis approaches are designed only
for regular systems and not for descriptor systems. To ¢askth problem, the entire development
of this paper is a real contribution for descriptor LPV syssewith significant new results in terms
of time-varying fault estimation in spite of disturbancBsth methods presented it4] or in [3]
can only estimate constant fault for descriptor LPV Systeéhesreal novelty in the paper consists
in the ability of the approach to estimate time-varying atbu fault despite disturbances which is
a real huge problem and a key problem to solve for some patemtiensions to Fault Tolerant
Control.

In comparison with the polytopic LPV proportional integaddserver studied inlfd] which can
only estimate constant actuator fault, the main goals efiihper are: to extend existing results about
fault estimation of LTI regular systems to polytopic LPV depgtor systems, and also to consider
time-varying actuator faults estimation. Sufficient caigeance conditions for the APO are given by
solving a set of Linear matrix inequalities (LMI).

The outline of this paper is as follows. The structure of tiR/Ldescriptor systems is formulated
in Section 2. The Adaptive Polytopic Observer-based actufaiult estimation is presented in
Section 3. Finally, in Section 4, a numerical example thaitsaers a LPV descriptor systems is
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ADAPTIVE POLYTOPIC OBSERVER FOR A CLASS OF LPV DESCRIPTOR SYEMS 3

used to assess the validity of the proposed approach.

In this paper, the notations are standa. denotes the set of real numbegsjs the complex
plane, A" denotes the generalized inverse of(A;> 0 or (Q < 0) indicates the symmetric matrix
Q is positive (or negative) definitd;. || denotes the standard norm symbol. Alémeans "for all”.
An asterisk« denotes the transposed element in the symmetric position.

2. PROBLEM STATEMENT

Let us consider the following LPV descriptor system in fetdie case subject to disturbance:

{ 5400 = Aowya() - BOW)wo + 1)+ RO O
y(t) = Cx(t) + Hd(t)

wherez(t) € R™ is the state vector(t) € R? is the inputs vector/(t) € R? is a bounded unknown
input vector i.e./|d(t)|| < g which represents disturbances aift) € R™ represents the measured
outputs vectorf(t) € R represents the actuator fault vector by an additive exteigaal as in
[6], [14]. Sometimes in FDI, these malfunctions can also be repteddsy a multiplicative external
signal as in$3], [24] by the following faulty control inputi;(t) = (I, — v)u(t) which is equivalent
to an additive signal such that(t) + f(¢) wheref(t) = —yu(t) with

v & diagly*,~%,...,~"], 0 <~F < 1 such that

yv* =1 — atotal failure of thek!" actuatork < [1,.. ., p]
7% = 0 — thek!" healthy actuator

)

where the term/* represents the loss of effectivenes@f actuator. Disturbances and faults are
supposed to be unknown. Matri% € R"*" may be singular andank(E) = r < n. A(-), B(-)
and E(-) are continuous functions which depend affinely on the timesing parameter vector
6(t) € R!. MatricesC and H are fixed. It is also assumed that each compofgny,i € [1,. . .,]
of this time-varying parameter vecté(t) is bounded and lies into a hypercube such tBaL [

O(t) €T = {0 | 0,(t) < 0:(t) <B;(1)}, Viell,... [, V>0 3)

The matricesA((t)), B(6(t)), R(6(t)) of the LPV descriptor systeni) with the affine parameter
dependenced] are represented such thé(t) € T:

l
M(6(t)) = Mo + > 6:(t) M; (4)

where M stands for matricesi, B and R. The system 1) can be transformed into a convex
interpolation of the vertices ofr where the verticesS; of the polytope are defined such that
[23]: S;=[ A;, Bi, Ry, C, H|,Vie][l,...,h] whereh = 2'. The polytopic coordinates

are denote@(f(¢)) and vary into the convex st

h
Q= {p(é’(t)) e R", p(6(t) = [p1(0(1), - pn (O], pi(6(1)) = 0, Vi, > pi(6(1)) = 1} (5)
i=1
Then, the usual assumptions related to LPV systemsp@#ét)) is bounded, it is assumed to be
fault-free and it is available. To ease the presentatida d@ssumed that the matricés:), B(-) and
R(-) are given by convex combinatioiv$ > 0 and the polytopic LPV descriptor system with the
time-varying parameter vectp(6(t)) € Q given by:

{ Ei(t) = _thlPi(9(?3))(Aifﬂ(ﬁ)"i‘Biu(ﬁ)‘i‘Fif(t)‘i‘ R;d(t) (6)
y(t) = Cz(t) + Hd(t)

Int. J. Robust. Nonlinear Contr¢2014)
Prepared usingncauth.cls DOI: 10.1002/rnc



4 RODRIGUES. ET.AL

whered; e R"*", B, = F, ¢ R"*?, R, ¢ R"*4, C ¢ R™*" and H € R™*7 are time invariant
matrices defined for th&” model.
Before starting the design of the APO, we assume that:

Al rank(CF;) =rank(F;)) =p Vi=]I1,...,h]

A2. The triple matrix(E, 4;, C') is observable, i.eg], [9]

SE—A,L'

rank [ C

}:n,VSGC, Vi=[1,...,A] )
and
E
rank[c}n ®)

A3. The fault f(¢) satisfies|| f(t)|| < a1 and the derivative of (¢) with respect to time is norm
bounded i.e|| f()|| < a2 and0 < a1, as < 0.

A4, ptgs=m
E 0
A5. rank [ coH ] =n+rank(H)

Note thatA3 is a quite general assumption in the literatudg [18]. AssumptionA4 has to be
verified to be able to provide actuator fault estimation.

The main goal of the paper is to estimate time-varying aotuault for polytopic LPV descriptor
systems. In32], the authors have performed an adaptive observer so asinoaés time-varying
faults but only for regular LTI systems. The authorsid][have developed a proportional integral
observer for actuator fault estimation but with the follagiconstrainy (¢) = 0. Moreover, the same
constraint has been considered3hfpr discrete-time descriptor systems where the main gaal w
also to estimate faults. So, in this paper, the main cortidhwconsists in designing an Adaptive
Polytopic Observer for LPV descriptor systems which is dbleleal with time-varying actuator
faults and by the way to tackle the previous restrictive tainsts of the above mentioned papers.
The following section is dedicated to the design of the AdegPolytopic Observer.

3. ACTUATOR FAULT ESTIMATION FOR POLYTOPIC LPV DESCRIPTORYSTEM

3.1. Adaptive Polytopic Observer Design
The proposed Adaptive Polytopic Observer (APO) has thewioilg structure:

>

2(t) = 22 pul6@®) (Ve () + Grult) + Liy(t) + Fif (1))

2(t) = =(t) + Toy(t)

g(t) = C2(t) 9)
rH) = S®) ~3(0)

F(t) =T 32 pi(6O)Ui(#(t) + or(1))

s
Il
—

wherez(t) € R" is the observer state vectdr(it) € R" is the estimated state vectefy) € R™

is the residual vectorj(t) € R is the estimated output vector arfdt) € R” is the estimated
actuator fault off (). N;, G;, L;, T»,U;, S are unknown matrices of appropriate dimensions to be
determinedl” € RP*? is a learning rate symmetric positive definite matrix and R is a positive
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ADAPTIVE POLYTOPIC OBSERVER FOR A CLASS OF LPV DESCRIPTOR SYEMS 5

scalar. The state estimation eregt) is defined as:
e(t) = z(t) — &(t)
Then, it follows from 6) and Q) that:
e(t) = (I, — ToC)x(t) — 2(t) — ToHd(t) (10)

Under assumption thatnk

R™*™ such that 1]

g ] = n, there exists nonsingular matric&s € R"*"™ and T €

TWE+TC =1, (12)
Furthermore, the fault estimation erroi(t) can be expressed as:
es(t) = f(t) = f(1) (12)

From (L0), the state estimation error dynamic with the relatibh) {s given by:
é(t) = Ty Ex(t) — 2(t) — ToHd(t) (13)
Using 6) and 0), the residuat(¢) can be expressed as:
r(t) = SCe(t) + SHd(t) (14)

Then, if the following conditions hold true: = 1, ..., h:

TiA; — L;C — N;TLE = 0 (15)
T\B; — G; =0 (16)
T\E = I, — T»C (17)
T\R; + N;ToH — L;H =0 (18)
ToH =0 (19)
SH =0 (20)

By taking into account®), (9) and (L3), the estimation error dynamig¢) and the residual(¢) can
be written such that:

h
ét) = Z pi(0(1))[Nie(t) + Mif(t) + Fies(t)] (21)
r(t) = ;'_Ce(t) (22)

The substitution of7) into (15) yields to:

N; =Ty A; + (N;T» — L;)C (24)
N; =T1A; + K,C (25)
where K; = N,T, — L; (26)

To find simultaneously matrice®; and 7, from equations 17) and (9), one can define the
following augmented matrix:

[T Ty | [ ﬁ? ;; ] =[1, 0] (27)

Int. J. Robust. Nonlinear Contr¢2014)
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6 RODRIGUES. ET.AL

Under assumptior5 , [19], the solution of 27) can be expressed such that:
JF
E 0
(non =[5 0] & 5

Matrix S can be determined by solving equati@i) by considering assumptiofv i.e. the number
of disturbances and faults can not be larger than the nunfbeeasurements, a general solution
for (20) is given by (See Chapter 4 of]):

(28)

S =14, - HH"H)"'HT) (29)
wherell; € R™*™ s an arbitrary design matrix.

3.2. Convergence analysis
Let us consider the following Lemma:

Lemma 1
Given a scalap > 0 and a symmetric positive definite matrix, the following inequality holds
[32):

1
2207y < ﬁprlfC +uwy' Py x,ye R" (30)
N

In contrast to the proportional integral observef][ here time-varying faults are considered. Then,
it follows that f(¢) # 0 and by consequence, the dynamic of fault estimation errexjsessed as
follows:

é5(t) = f(1) = /(1) (31)
By using @5), the dynamic of the state estimation err@t)becomes:
h
e(t) = pi0)[(T1A;i + KiC) e(t) + Mif(t) + Fieg(t)] (32)
) T

The convergence of the state estimation erg@) ¢an be verified by the following Theorem.

Theorem 1
Under Assumptionsi; to As, given scalars, p > 0, if there exists symmetric positive definite
matricesR, Py, P», P; and matricedV, = QK; andU; such thaty: € [1,... Al

‘Ili *

—2FHQNA + WiC) —2F'QF; + P+ P <0 (33)
s.t.
WiH + QT1R; =0 (34)
FIQ-U;SC=0 (35)
where

U, = (T A)TQ + Q(TLA;) + %Pl +oTwl +wi,c
Then, the following adaptive fault estimation algorithm
. h
FO) =T pi(0@)Us(i(t) + or (1)) (36)
=1

can realizee(t) andes(¢) uniformly bounded, wher® € RP*? is a symmetric positive definite
learning rate matrix. [ ]

Int. J. Robust. Nonlinear Contr¢2014)
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ADAPTIVE POLYTOPIC OBSERVER FOR A CLASS OF LPV DESCRIPTOR SYEMS 7

Proof 1
Consider the Lyapunov function with the following quadcdtrm:

V(et) e5(6) = €7 (0Qe(t) + ~eF (T e (1) @37)

Convergence condition for the estimation error yields that time derivative of the Lyapunov
function 37) should be negative definite. The derivative 10fe(¢), e¢(t)) with respect to time
evaluated on trajectories of the estimation error equdgi@his:

V(e(t), sz ) {e" (OINTQ + QNiJe(t) + 2" ()QM; f(¢) (38)
+2¢” <>QFef( )+ 2Ef (T ep(t) + ef (O 1ep (D)}

From 22) and @), the equation36) can be expressed as:

h
=T Z pi(0)U:S (9(t) — §(t) + o (y(t) — 9(t))) (39)

and undee(t) = z(t) — @(t), (39) is equivalent to:

FZpZ )USC(é(t) + oe(t)) (40)
By using 1) and substituting40) into equation 8), one can obtain:

V(e(t),er(t) Z pi(0) 1 (DINTQ + QNile(t) + 2e ()QM; f (t) + 267 (1) QFie(t)
+2éf (I ef( )+ Lef TOTf(t) —TU;SC((t) + oe(t))] } )
Substituting 21) into (41) and using 85), it follows that:

V(e(t),es(t) Zpt ) {e” (O)INFQ + QNile(t) — 2ef () FI QNie(t) — Zef (1) F QFef(t)

£(t))
—2ef(t )FTQM ft )+2e (DM, f(t) + 2efT1 (1)}
(42)
By taking into account assumptiof3, for a positive scalaj; and symmetric matrice®; > 0,
P, > 0andP; > 0 and by using Lemma, we can obtain:

eT(MQM;f(t) < LeT(t)Pre(t) + pfT () MI QP QM, f(t)
el (t)Pre(t) + podAmas (M QT P QM)

<1
m
1
m
2eT (D1 f(t) < LeT () Pye () + L fT(OD TPy T f (1)
1
no

(43)
< Lef () Paes(t) + LadAmae (T Py T
Zef(VFFQMif(t) < JLef (t)Paes(t) + LT ()M QE Py F QM f ()
< Mlaef( )P36f( ) + +§a%)\max(M?QTFipglFFQMi)
Using @3), the time derivative 0f42) can be bounded as follows:
Vlelt)er(®) < 3 i {e JINTQ + QNiJe(t) + LeT () Pre(t) — 26T () FTQNie(t)
2eT(8)FTQFies(t) + e () Paes(t) + 2eF () Pocy(t) + 0}
(44)

Int. J. Robust. Nonlinear Contr¢2014)
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8 RODRIGUES. ET.AL

where
0= m{;mx [NO‘%Amax(MiTQTpl_lQMi)JF%O‘%Amaz (F71P2_1F71)+§O‘%>‘max (MzTQTF‘ipglFiTQMi)]

Using @5) and forW; = QK;, the inequality 44) can be written as:

. h _ t

Vel es(0) < o) 70) T )= ] M) ]+ (45)
with

- _ ‘Ili *

— | —IFF(QT A+ WiC) —2FFQF, + L P2 + UMPg
and )

Wf% -VQ+Q@An+?%+@W?+mc
Considering thatz pi(0(t)) =1 andp;(6(t)) > 0 and becausé; is of full column rankvi €

[1, ..., h] (see assumptloﬂl) Whenuz < 0 one can obtain that:

2

V(e(t). es(t) < —< 4 (46)

0]

50
er(t)
thate(t), es(t) converges to a small set according to Lyapunov stabilityrfhédow, the obtained

gains matrice$(; must satisfied also the constraifi8f Vi € [1, ..., h]. Then, the equatiorif) can
be written as follows:

2

wheres = min(Amin (—Z;)). Then V(e(t),ef(t)) < 0fore > 0,Vt > 0 which means

(N;Ty — L;)H + T1R; = 0 (47)
and under equatior2p), it can be expressed as:
K;H +T\R; =0 (48)
ForK; = Q~'W; Vi€ [1,...,h], equation 48) becomes:
WiH +QT1R; =0 (49)

Then, gains matrice&; will be obtained by solving LMIs%3) under constraints3@) and @5). O

Therefore, Theoremljimplies that errofe(t), e;(¢)) are uniformly bounded. Now, its easy to show
that the estimated fault can be deduced from the expres3@ma¢ follows :

t

r}jm U; )+a/)@m7 (50)

ty

wheret is the time of fault occurring. The estimated fault expres$b0) combines a proportional
term with an integral one. The proportional term have an @rfe on the rapidity of fault estimation
[32]. The proposed APO makes possible to reconstruct the dttie system whatever the presence
of the unknown inputs and actuator faults and generate duagissignal which can indicates that a
fault occurs.

Remark 1it is easy to solve inequality3@) of Theorem 1, but the solving difficulty is added due
to the presence of equality constrainig)(and @5). However, it is possible to transform34) and
(35 in Theorem 1 into the following optimization problem{

Int. J. Robust. Nonlinear Contr¢2014)
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ADAPTIVE POLYTOPIC OBSERVER FOR A CLASS OF LPV DESCRIPTOR SYEMS 9

min 7

subject to(33) (51)
{ nl W;H + QT R; } <0 (52)
* nl
T — .
[ nl F'Q-USC } <0 (53)
* nl

Remark 2Note that, after solving the LMI problem under equalitieastwaints given in Theorem
1, the input-to-state convergence condition given46)(is satisfied. Thus, in the case of time-
varying faults with a bounded first time derivative, the stastimation erroe(t) and the fault
estimation errok ¢ (¢) converge to a ball, centered at the origin, defined by thedéramde. The
radius of the ball in whicke(t) converges can be minimized by a choice of the paranietbat
minimizesd without changing (that does not depend dp. It thus improves the accuracy of the
estimation.

Moreover, the APO studied in this paper can be considered as@ovement of the classical Pl
observer, in the sense that the convergence of the stateagistn error and fault estimation error is
proved (in a ball centered at the origin) even in a noncongsalt case, whereas the assumption
of a constant fault is needed to prove the convergence oftéite estimation error when using a Pl
observer 14], [3].

4. ILLUSTRATIVE EXAMPLE

The proposed example, considers an electrical network esrsin Figure () whereR;, j =
1,...,8 and L; and L, stand for the resistors and inductors, respectivalit) andes(t) are the
voltage sources which are taken as the control inputs. Wetddayi, (), i2(¢), i5(t) andiy(t) the
amperage of the currents.

i) L R, i) R,

— (000 _____—
0 Ry Ol i R, Y
>
e(t) C‘P R; R,
ﬁ'%.; i

Figure 1. An electrical circuit

Int. J. Robust. Nonlinear Contr¢2014)
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10 RODRIGUES. ET.AL

According to the basic circuit theory and the Kirchoff’s wwe get the following Differential-
Algebraic Equations (DAE) which describe the system:

lezicll—t(t) = —(R1 + Rs + Rs)i1(t) + Rsis(t) + Rsia(t)
L2 dzczlt(t) (R4 + RG + R?)ZQ( ) + R4Z3( + R7Z4( )
t

0 —(R2 + Rz + Ry)iz(t) + Raia(t) + Rziq(t) +e1(t)
0 (Rs + R; + R8)14(t) + R7ZQ( ) + R5Zl( ) eg(t)
yi(t) ::Zl( )+ ia(t)
ya(t) = ia(t) +13(t)
ys(t) =ia(t)

Let denote | x1(t) wx2(t) wx3(t) wxa(t) ]T =[a1(t) d2(t) i3(t) ia(t) ]T the state vector,
u(t) = [el(t) e2(¢)]T the control inputsy (t), y2(t) andys(t) the outputs signalsiz; and R
two variable resistors. The previous set of DAE can be rgmtes! as a LPV descriptor systems as

follows: ~ _ _ _
{ Ei(t) = A(0(t))x(t) + B(O(t))u(t) + R(0(t))d(t) + F(6(t))f (t) (54)
y(t) = Cz(t) + Hd(t)

The resulting matrices of the LPV descriptor system arergbxe

510 0] - 00| . 1001 2
E= ,B(0(t))=B = JEFOt)=F=B,C=]0 1 1 0 |,H=]1
0 0 0 O 1 0 00 0 1 1
0 0 0 O 0 1
Ri1401(2 R Ry
S N R (19 () 15_13 15_14 X
~ 0 _ L2202 Ras Ras ~ 0
A(0(t)) = L L L and R(0(t)) =
oop=| 0 TR OO = | 07400
R41 R42 0 —R44 02 —+ 92 (t)
where

Ri1 = R+ R3+ Rs =158, Ros = Ry + Rg + Ry = 401,
R33 = Ry + R3 + Ry = 2592, Ryy = Rs + Ry + Rg = 2010,
Riz = R31 = R3 = 38, Ris = Ry1 = Rs =20,

Ro3 = R3p = Ry = 58, Roy = Rap = Ry = 8Q

and L1 = 03H, L2 = 0.65H.

Ris adisturbance distribution matrix that affects the Systehered(t) is a random vector uniformly
distributed in[—1, 1] which acts like additive noisefd is also a disturbance distribution matrix
that affects the output®, (¢) andf.(¢) are two time-varying parameters which vary according to
01(t) € [ —0.5, 0.5 | andbs(t) € [ —1, 1 ]. The inputs control are described by

{ up (t) = 12sin(2.5t)
UQ(t> =5

It is assumed that the LPV descriptor systéi) (s affected by two actuator faults which followed
the assumptionis and that are defined by:

f1(t) = 0.35u; (t) occurs inuy (t) when8 <t < 15s
fa(t) = 0.25uz2(t) occurs inug(t) when 20 < t < 30s

Note that different actuator fault can appear in voltagersmuan offset for bias or temporal
variation for transient fault. Such fault can appear on smalrce voltage with various temporal
duration and different shapes.

The parameters of the polytopic LPV descriptor system evolw a hyper-rectangle.
Consequently, the matrices andR; of this system are given by:
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r —51.66 0 10 6.66 T r—51.66 0 10 6.66 T
A 0 ~63.07 7.69 123 | , _ 0 —60 7.69 12.3
= 3 5 —25 0 |"7% 3 5 —25 0
L2 8 0 —20 | ) 8 0 —20 |
r —48.33 0 10 6.66 T r—4833 0 10 6.66 T
A 0 ~63.07 7.69 123 | , _ 0 —60 7.69 12.3
3= 3 5 —25 0 |77 3 5 —25 0
L2 8 0 —20 | ) 8 0 —20 |
0 0 0 0
0 0 0 0
Bi=| o [f2=| gg [Ms=| 15 [wmdRa=] 4,
—0.8 1.2 —0.8 1.2

The weighting functiong, (6(t)) are defined as combinations@fand are given byl[4]:

_6(t) — 8 6a(t) — 8y (B2(t) +0.5)(B(t) + 1)

oty = 000l )
pa(0(2)) = 915(1“_—@ 1Q1 5252— _92(275) _ (i) + 0.52)(1 —0,(1))
pa(0(t)) = 915191;10 52529;(;) _ (05— 91(t)2)(1 —0a(1))

4.1. APO design and residual generation

To design the presented APO according to the proposed natwd let's verify a necessary
assumptionA, to be able to provide actuator fault estimation with equaif@0). After that, a
matrix S (solution of andS H = 0) can be given by49). Then, let's check the necessary assumption
As. Then, matriceg’; and 7y can be computed from equatiogj. After by checking4; and
As, the gains matrices can be obtained by solving the LNAB (nder constraints3@) and 35)

via numerical approach within the LMI Toolbox. By choosirgetscalars = 2, i = 0.5, these
inequalities are fulfilled with:

21.1564 —17.1376 —25.1753 1.7542 1.8862  —5.3945
K, = —16.1420 —0.9267  33.2106 Ky — —3.7885 13.0178  —5.4409
38.9566  —18.4702 —59.4431 |’ 5.4732  —11.0272  0.0808
23.4193 —16.5291 —30.3096 1.7234 1.8499  —5.2967
1.4095 2.0748  —4.8937 1.2491 2.5999  —5.0981
Ky — —2.9091  12.5797 —6.7615 Ky — —2.7452  13.0423 —7.5518
4.2535 —10.4436 1.9365 |’ 3.9211  —10.3360  2.4938
1.2742 2.0773  —4.6257 1.1244 2.5655  —4.8143

The simulation results for time varying actuator faultsedéibn are shown in Figureg)and @3).
From figures 2) and @), one can see that the residuals are almost zero througheuine
simulation in fault-free case. The residual signals insee@n magnitude considerably when
actuators faults occur far € [8, 15]s andt¢ € [20, 30]s. These two faults can be estimated by
using the adaptive fault estimation algorithm as56)(
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0.2

— rl(t)

0.15 -

o
o
a

T

residual signal rl(t)

] | |

—0.15

i i i i i i i
o 5 10 15 20 25 30 35 40
s)

Figure 2. Residual, (¢) signal when a fault occurs im (¢)

— rz(t)

0.1 : : —

residual signal rz(t)
o
o]
(7]

t(s)

Figure 3. Residual signak(¢) when a fault occurs im2(t)

4.2. Actuator fault estimation

Let recall thatB; = F; = B. Under assumptiod, and by solving the LMIs33) to (35), getting
0.8580 0.4280 0.4263
—8.1460 —4.0720 —-4.0729
diag(1,2), the simulation results for time-varying actuator faultimation using the adaptive
algorithm given by $0) are mentioned in the following Figures.

Figures ) and 6) show that estimated actuator faults by APO can convergbdio teal values
which is more powerful than Proportional Integral Polym@bserver (PIPO) presented itv].
Then, it is shown that the PIPO makes possible to decoupleligierbances while it can only
detect and estimate constant actuator faults as in Figréndeed, its actuator fault estimation
does not match correctly the real one for the time-varyiregda Figure 4). In contrast, the APO
shows very good results for both time-varying and constaentador faults estimations despite the

matricesl; = U = and choosing the learning rate matfix=
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6 T T T T T T T
real fault fl(t) = = = estimated fault fl(t) APO 1111 estimated fault fl(t) PIPO

51 -

o 5 10 15 20 25 30 35 40
«(s)

Figure 4. Actuator faulf; (t) and its estimated; (¢)

T T T T T T T
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1.5 —
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—05F -
1k -
—1.5F -
—2F -
—25F E
_3 i i i i i i i
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ws)

Figure 5. Actuator faulf; (t) and its estimated ()

presence of disturbance: it is a good improvement for such dé€scriptor systems.

5. CONCLUSION

In this paper, an actuator fault estimation scheme based Adaptive Polytopic Observer for LPV

descriptor systems has been proposed. The developedygtediimvs to consider not only constant
faults but also time-varying actuator faults. The convecgeronditions of this observer has been
formulated and solved within a set of LMI under equalitiemstoaints. The developed scheme
has been applied in an electrical circuit so as to estimatie fime-varying and constant actuator

Int. J. Robust. Nonlinear Contr¢2014)
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faults for polytopic LPV descriptor systems. A comparisathvprevious works like Pl observers,
underlines the theoretical and practical improvementsifioe-varying actuator faut estimation for
such LPV descriptor systems.
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