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Abstract. This paper presents the design of a generalized learning observer (GLO) structure for
simultaneous estimation of variable states and actuator faults in a wider class of systems known
as descriptor nonlinear parameter varying (D-NLPV) systems. This generalized structure
provides additional degrees of freedom in the observer design to improve robustness and reduce
the convergence time for fault estimation. Its design is obtained in terms of a set of linear matrix
inequalities. The performance of the proposed methodology is evaluated in the model of a heat
exchanger with two countercurrent cells with actuator faults.
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1. INTRODUCTION

In modern control systems, automation is essential, but
it can be vulnerable to sensor and actuator faults. Ne-
glecting to promptly detect and address these faults can
lead to various consequences, including plant shutdowns
and safety risks Severson et al. (2016). Another signifi-
cant challenge is the difficulty in measuring system state
variables, or the high cost of obtaining suitable sensors.

Descriptor systems, also called generalized, singular, or
algebro-differential systems, involve dynamic and alge-
braic equations. They appear naturally in fields like power
systems, electrical networks, and chemical processes. En-
gineers frequently apply them to model complex systems
and use them in various fault detection and isolation
(FDI) methods. For nonlinear systems: A method for
systematically designing unknown input observers (UIO)
for fault estimation is introduced in Venkateswaran and
Kravaris (2023). A design of robust residual generator to
detect, isolate and identify faults in nonlinear systems is
presented in Farooq and Abid (2015). For linear systems:
autors in Yeu et al. (2005) present an unknown input ob-
server for fault detection (FD), isolation and reconstruc-
tion problem in descriptor systems. Reference Osorio-
Gordillo et al. (2018) presents a generalized dynamic
observer (GDO) structure for descriptor systems oriented
to simultaneous states and faults estimation in descrip-
tor systems. Moreover, these systems can now be used

with linear parameter-varying (LPV) models, thanks to
the partial linearity present in LPV models. In reference
Hamdi et al. (2019) a polytopic sliding mode observer
(PSMO) is constructed to simultaneous reconstruction of
LPYV descriptor system states and actuator faults. Refer-
ence Pérez-Estrada et al. (2018) presents a GDO structure
for discrete-time LPV systems with unknown inputs and
disturbances affecting both the states and outputs. Many
fault detection methods usually operate dynamically, im-
plying that fault estimation takes some time to converge.
To address this inconvenience, works such as presented
by Chen and Chowdhury (2007) introduces a learning
observer (LO) that reduces the convergence time by incor-
porating a delay in the estimated variables. This approach
achieves high accuracy even in the presence of abrupt
changes. Extentions of this work for FDI are presented
in Jia et al. (2012); Chen et al. (2013).

The main motivation for this work is to extend the re-
search presented in Zetina-Rios et al. (2021) considering a
wider range of systems beyond LPV systems. This exten-
sion aims to capture more complex dynamics in nonlinear
systems by employing descriptor nonlinear parameter-
varying systems (D-NLPV). Furthermore, a novel GDO
structure is proposed to estimate simultaneous variable
states and actuator faults in these systems. A model of
the heat exchanger with actuator faults is presented to
prove the performance of the observer design.
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Notation: The symbol (%) denotes the transpose ele-
ments on the symmetric positions. The symbol A+ de-
notes a maximal row rank matrix such that A+ A = 0, by
convention A+ = 0 when A is of full row rank.

2. PRELIMINARIES

Consider the following D-NLPV system in its polytopic
form. R

Eit) = Y mile(®)[Asa(t) + Biu(t) + Gfa(t) + Dif (t, Fua)]

=1

(€]

y(t) = Cx(t),
where x(t) € R™ is the state vector, u(t) € R™ is the
known input, y(¢) € RP is the measurement output vector
and f,(t) € R™ is the actuator fault vector. Matrix
E € R™ "™ could be singular. A; € R**™ B; € R"*™ (C €
RP*™ and D; € R™*™f are real matrices and f(t, Frx) is a
nonlinearity satisfying the Lipschitz constraint ||A¢(2)]] <
M|IFL(z1 — z2)|| where Af(t) = f(t, Fra) — f(t, Fras),
A 1s a known Lipschitz constant and F7y, is real matrix of
appropriate dimension.
Let rank(E) = r < n and E+ € R**" be a full row
matrix such that E+FE = 0, in this case s = n — r.
Consider u;(o(t)) as the membership functions formed
with known variant parameters o(t) € R!. The member-
ship functions h%ve the following properties:

D mie®) =1, pile®) >0, (2)
i=1

fori=1,...,k=2.

The following definitions and theorem will be used in the
sequel of the paper.

Definition 1 (Yip and Sincovec (1981b)). For a linear
descriptor system described by the pair (E, A;), there
exist a unique solution if there exist a constant scalar
s € C such that

det(sE — A;) #0, (3)
Definition 2 (Yip and Sincovec (1981a)). If the state
response of system (1), starting from an arbitrary initial
state x(0), does not contain impulse terms, then system
(1) or the pair (E, A;) Vi =1,..., k is called impulse-free.

Definition 3 (Darouach (2009)). The following condition
is a generalization of the impulse observability

E A;
rank | 0 C] =rank(E)+n, Vi=1,...,k. (4)

0 F

Definition 4 (Duan (2010)). The descriptor system (1)
is R-observable if and only if

rank [SE . Al} =n,Vs € C, s finite, Vi=1,... k. (5)

C
Assumption 1. It is assumed that system (1) is regular,
Impulse observable and Reachable-observable.
Assumption 2. It is assumed that system rank(B;) =
rank[B; G].

Assumption 3. The actuator fault behavior is assumed
to be constant, i.e. fa(t) =0.

Lemma 2 (Xu (2002)). Let M and N be two constant
matrices of appropriate dimensions. Then, the following
inequality:

MIN + NTM < yMT M+ RNV (6)
v
holds for any scalar v > 0.

3. PROBLEM STATEMENT.

Let us consider the following generalized nonlinear ob-
server for system (1)
k

E) = milo(®) [NiC(t) + Hiv(t) + Fiy() +

=1
Jiu(t) + TD; f(t, FL&) + TGfa(1)], (7)
k
o(t) = mio(®) [SiC(1) + Liv(®) + Miy(®)) (8)
=1
&(t) = PC(t) + Qu(2), 9)
fa(t) = fat = 1) + @4 (C2(t) — y(1)), (10)

where 7 denotes the sampling time interval, ((t) € R%®
represents the state vector of the observer, v(t) € R% is
an auxiliar vector and #(t) € R™ is the estimate of z(t).
The matrices N;, H;, F;, S;, L;, M;, J;, P, Q and T
are unknown matrices of appropriate dimensions, which
must be determined such that (¢) and f,(t) converges
asymptotically to z(t) and f,(t), respectively.

Let a matrix 7' € R%*™ to consider the following
transformed error

(t) = () — TEa(t),
whose derivative is

(11)

k
{0 = milo(t) [ Nie(t) + Hiv(t) + (N;TE — TA; + F,C)alt) +
=1
(Ji = TBy)u(t) + TGey(t) + TD; Ay (t)] (12)

where e;(t) = fu(t) — fu(t) and Ap(t) = f(t, Fpi) —
f(t, Frz). Equation (12) is independent of x(t) and u(t),
if the following equations are satisfied:
(a) N,TE + F;C —TA; =0, (13)
(b) Ji =TB;. (14)
Then equation (12) becomes:
k
pi(o(t) [Nie(t) + Hyv(t) + TGey(t) + TD:As (1)) (15)

i=1

) =

By using equation (11), equations (8) and (9) can be
written as

k
o) = > wile()) [Sie(t) + Liv(t) + (STE + MiC)z(t)], (16)
i=1

Z(t) = Pe(t) + (PTE + QC)z(t), 17)
Now if the following conditions are satisfied

(¢) SiTE + M;C =0, (18)

(d)y PTE+ QC = I, (19)

then, equation (16) becomes

o) =Y male®)[Sie(t) + Liv(t)], (20)
=1
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and the state estimation error becomes

(t) — 2(t) = e(t) = Pe(t). (21)
If conditions (a)-(d) are satisfied, the following observer
error dynamicskequation is obtained from (15) and (20)

P =Y mile) [Aip(t) + Bep(t) + C:ap(1)],  (22)
i=1

where o(t) = [Z((?)] A = []gj I[{j B= [TOG] and C; = [T()Di]‘
N; H;

In this case, if ef(¢t) = 0, Af(t) = 0 and {SZ Li:| is stable,

then lim;_o e(t) = 0.
Now, the problem of the GLDO (7)-(10) design is reduced
to find matrices Ni7 FZ‘, Ji, Hi7 Li; Mi, Si, P, Q, T and

® 4, such that the error dynamic (18) is asymptotically
stable.

4. OBSERVER DESIGN

This section will be devoted to the parameterization of
all the matrices of the observer

4.1 Observer parameterization
The parameterization can be obtained by first considering
constraints (¢) and (d) which can be written as

S; M [TE] [0
[ ol []= 10 @
the necessary and sufficient condition for (23) to have a
solution is
TE
rank [ C ‘| = rank {TE} =n. (24)
In ¢

From equation (24) there always exist two matrices T €
R%*™ and K € R?*P such that

TE+ KC =R, (25)
where R € R%*™ ig an arbitrary full row rank matrix

R
ol =n
Equation (25) can be also written as

T &] |¢] == (20)

~—
Q

such that rank

]z;nd since rank [%} = rank(2), the solution of (26) is given
Yy
[T K] = RQY — Zy(Inyp — QQ7F), (27)

where QT denotes the generalized inverse matrix such
that QQTQ = Q. Therefore

T = Rt m 2y (s — 00" m , (28)
T Ty
+To o
K = RQ 71 (Inyp — ) | V], (29)
Ip Ip
Kq Ko

where Z; is an arbitrary matrix. By replacing TF = R —
KC into condition (a), we obtain

N;R+ (F; — N;K)C =TA;, (30)
K;
_ 1 [R
[N,- Kl] [C} =TA;, (31)
~—
P

the general solution to equation (31) is given by
[Ni K] =TAST = Yii(Ig,4p — 227, (32)
by replacing T from (28) into (32) we have
[N,i 1?,-] =T AT — 21T Ast — Yis(Iggp — B51),

N; = N1; — Z1Na; — Y1; N3, (33)

Ki =Ky — Z1Ka; — Y1, Ks, (34)

1, I
where Ny; = Th A; =+ [ (‘ﬂ, No; = Th A; 5+ [ 8"]7 N3 = (Igg+p—

0

$3H) [Igo}, Rus = Ty A+ [[
p

}, Ko = o A5t [0]7 Ky=(I—
IP

0

IP

dimension.

Now, from (30) we can deduce the value of F; as

£yt [ }and Y1; is an arbitrary matrix of appropriate

F; = K; + NiK,
F; =Fy; — Z1F5; — Y1, F3, (35)

K K
where r; = 74,5+ [IJ’ Fpy = ThbA;m+ [IJ and Fy = (Igq1p —

=xt) [f}
On the other hand, from equation (25) we get
TE] _ [l —K] 56
=1 7= @
by using (23) and (36) we obtain
Si Ml [Iy —K] [0
el ==l @)

which leads the following solution

54]- (1)~ (2o 5 )

where we have used the fact that

-1
Iy —K  [Iqg K
AR @

and where Y5; and Y3; are arbitrary matrices of appro-
priate dimensions. From (38) we can deduce the general
form of matrices S;, M;, P and @ as follows

Si; = —Y2;N3, (40)
M; = —Y2;F3, (41)
P =P —Y3N3s, (42)
Q=Q1—Y3F3, (43)

where F5 = (Igg4p — I57T) {ﬂ N3 = (Igo+p — B=T) [Igﬂ},
P

Qi =%t Hﬂ and P =%t [180]

Now, by using the value of matrices IV;, S; and T given

by (33), (40) and (28), respectively, the observer error
dynamics (22) can be written as

Copyright® AMCA, ISSN: 2594-2492
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k
G(t) = mio(t) [Asp(t) + Beg(t) + C;Af ()], (44)

i=1

Where Al = Ali — YiAL Ali = Nli 7021N2i 8i|7 AQ =

N5 0 WG -Z21TeG| . [TiD; — ZiTeD;

R I e A e

- [Y1s H;

YT ey Ly’

and from (21) we have

e(t) =Pe(t), (45)
where P = [P} 0] and Y3 = 0 for simplicity, without loss of
generality. Considering equation (10), fo(t) = fa(t —7) —
fal(t), ef(t —7) = fu(t — 7) — fu(t — 7) and the definition
of ef(t), we have

ef(t) = fat = 7) + o C(2(2) — x(t))

t)) = fa(t)
er(t) = ep(t—7) + Do Ce(t) + fa(t)

(46)

From Assumption 3 it is assumed that f,(¢) can be made

zero, so then, estimation error (46) can be expressed as
ef(t) =ep(t — 1) + Keo(t). (47)

where K = [<1>faCP1 0].

The observer design is obtained from the determination

of matrices Z; and Y; such that system (44) is asymptot-

ically stable.

4.2 Stability analysis of the observer
This section is devoted to the stability analysis of equa-
tion (44).

Theorem 1. Under Assumption 1, there exist two pa-
rameter matrices Z; and Y; such that system (44) is
asymptotically stable if there exists a positive definite
matrix X = [)gl )?2} > 0 such that the following LMIs

are satisfied

Iy + T2 I3 TLT
crt | C <0, 48
R, e
—v <0, (49)
—nI BYX +K
ERESR
where
TL T T X1T1D;—
T = {Azo ?] N {Pl FLFu b g] Mg = {XszDi }
’ 0 (51)

_— |:X1N11‘ + NI X1 — X.Ng; — NEXT o]
1i = 0 0 )
in this case > 0, matrix Z; = Xl_lXZ and parameter
matrix @7 is obtained as follows
o =B. 7K, +2-B.TB-20C7, (52)
where

Y = (&, X7 7T (53)

=

Ki = -RB8,Tve,T(cvie Tyt + S? L(CrViCTTr%’ (54)
S =R —RIBIV; —vicL (e vie,T) e VIBRTY,  (55)
V; = (B-RIBT — D)~ >0, (56)

where matrices Z, £, R are arbitrary matrices such that
[|£]] < 1and R > 0, with

[+ 12 II3
=[5 0,
B= hﬂ and ¢ = [As 0], such that there exist matrices
B, B, C; and C,, are such that B = B;B, and C = C,C,.,
respectively.

Proof. Consider the following Lyapunov candidate func-
tion

V(e(t) = wT(t)Xw(tH/ e} (t)es(t)dt (57)
such that
X = [?él )?J >0, X;=xT. (58)

The derivative of (57) along the trajectory of (44) gives

V(p(t)) < (o) T ()X p(t)+
(#( )>_§u<g( ) [¢" X e0) -
¢T (X (t) + ef (e (t) = ef (t = m)es(t — 7)),
replacing (44) and considering (47) in equation (59), we

have
k

Vie®) < Y uile®) [¢" OGT X + XTA)e(0)+

i=1 (60)
eTWXTeiapt) + AT )] Xot)+

20T (OIXB+ K leg (¢ — 1) + o7 ()[2XB + KT Ko (1),

taking into account the following restriction

BTX = —K (61)
we can obtain the following equivalence
el (H[2XB + K Kp(t) = —p(t) KTKep(t) <0 (62)

It is important to note that Equation (62) is formed by a
quadratic term and by containing the negative sign, the
condition of being defined negative will be fulfilled as long
as ¢(t) # 0.

Now, Equation (60) can be written as

Ve®) <Y mile®) [T OATX + XTA)p(t)+ )
=1

T ()XTCiAf () + A}r(t)(ciTX@(t)} ;
By using Lemma 2 we can obtain the following inequality

AT(OCT Xop(t) + " (1)XTCiAf (1) <

AT DA 0+ 2T OXTCLTX (), (64)
and from the Lipschitz condition, we have

ATAf() <X 2T ()PT FL FLPo(t), (65)
by inserting (64) and (65) into (63), we obtain

k
Vi) < > meteto) [ " (A7 + X7 R+

i=1

1
~xTc,cfx + 'y)\QIP’TFgFLIP’) w(t)} . (66)
¥

Now, if the following LMI is satified then V(¢(t)) < 0.

_ - 1
ATX + XTA 4+ = XTC,CF X + v 2PTFEFLP < 0, (67)
Y

Copyright® AMCA, ISSN: 2594-2492
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By using the Schur complement and replacing matrix A;
in inequality (67), we obtain

X(Al — YAQ) + (Al — YAQ)TXJr
20T T XCi
NPT FL PP <0, (68)
(*) ‘*“/In,f

Now, by inserting the values of matrices Aj;, P and X we
obtain
Iy + 1 — A ®; — 0T Ay I3 <0
(*) _’Ylnf ’
where @1 = YZTX and Xz = XlZl. th H2 and H3 are
defined in (51). Inequality (69) can also be rewritten as
BoIC+ (BaTC)T +D; <0, (70)

(69)

where

D; = [Hli-i‘nz I3

) ﬂ[nf}, B= [—01} and C = [As 0].

According to Lemma 1, inequality (70) is satisfied if and
only if the following inequalities verified

cTLp,cTLT <o, (71)
BD;B+T <o, (72)

the inequalities (71) and (72) are equivalent to (73) and
(74) respectively

cTL [Hu(:)l_b _3]3 f:| cTLT <, (73)
_'Ylnf <O0. (74)

i 1 _ TL _ A;:,m‘ 0 -
with B~ =1[0 I] and C'+ = 0 Il If condition (61)

is satisfied, conditions (73) and (74) can be solved using
a standard tool for linear matrix inequalities (LMIs).
However, condition (61) is a matrix equality to solve it,
it can be rewritten as (Jia et al., 2016)

BTX +K)B'X +K)" <n’I (75)
where 7) is a positive scalar. By using the Schur comple-
ment lemma (Boyd et al., 1994), equation (75) can be
written as

<0 (76)

-’ BTX +K
(*) -1

The design problem can be simplified by considering a
scalar n > 0 and v > 0 to solve the inequalities (48),
(49), and (50), resulting in a positive definite matrix X.
The parameter matrix Y; can be obtained as (53), which
completes the proof of the theorem. ]

O
5. APPLICATION TO HEAT EXCHANGER

This section is devoted to the performance analysis of the
observer (7)-(10) applied to the heat exchanger model.

5.1 Model of the heat exchanger

To show the effectiveness of the observer, a heat exchanger
with two countercurrent cells presented in Hidalgo Reyes
(2008) is considered. The equations that represent the
energy balance are given by

dT ¢ 2v, UA

Ty o—-Ti o)+ —— AT
- v (T2,c — T1,c) oo, AT
dTy } 2vp, UA
L= (To,n = T1,p) — ———— ATy
dt Vi PrCPRVh
Moe 201y~ Ty )+ — 2 AT,
= 3,c — T2 —— AT,
at v T R T G,
ATy 2vp, vA
=—(Th,n —Top) — ——— AT
dt Vi PrCPRVh
Ty —Tacl —[Ton —T1c (77)
ATy :[ 1k 2.c] = [To,n 1]
[[Tl,h - T2,c]:|
n | ————
[TO,h - Tl,c]
T — T3 — [T — T
ATy _[Ton 3,c]l = [T1,n 2c]
[T2,p, — T3,c]
in | ——
[T1,n — T2,c]
Q1 =UAAT,
Q2 =UAAT,

T; . (t) and Ty (t) represent the inlet temperatures for
cold and hot water, respectively. T4 .(t) and T5(t) in-
dicate the outlet temperatures for cold and hot water,
respectively. The rate of heat flow across the solid-fluid
interface is @1 and (3. V. is the volume in external
side (134.99 x 1075m3), V}, is the volume in the in-
ner side (15.512 x 107%m?), v, is the flow in the cold
stream (6.399 x 10~ %m?/min), Cp, is the specific heat
of cold water (4181.5 J/Kg°C), Cpy, is the specific heat
of hot water (4196.5 J/Kg°C), p. is the density of cold
water 996.781Kg/m3, pj, is the density of hot water
(971.150Kg/m3), A is the heat transfer surface area
(0.015387511m?) and U is the global heat transfer co-
efficient (1400W/m?).

5.2 NLPV system formulation

Following, the state space formulation for the heat ex-
changer is presented.

, o 0 0
r1oooooy [T 2o, 0
010000 Ty, 0 (t) Vi, 20
001000 Tac(t) | _ 2ve | |To,n —
000100 Ton(t)| — 0 v, T3,c + ‘ff falf)
000000 Q1(t) 0 0 S~ 0
Lo 0 0 0 0 O Qa(t) 0 0 w(t) 0
S——— —— 0 0 ,
E #(t) — fe!
B
M 2v. 2v, 1 7
_ 0 0 0
V. Ve CpepeVe
2up, (t
0 _ vy (1) 0 0 _ 0
Vi CpepeVe
2V, 1
0 0 -7 0 0 PP RA
pepeVe t
o 2un®) 2up, (1) o 1 =) +
Vi Vi 1 CpepeVe
0 0 0 0 - 0
UA 1
0 0 0 0 0 T
L UA
A(vp (1))
ro o
00
001000
88 {2;1} andc—[000010],
Lo 000001
LO 11 f(¢,Fp2)
D

where the nonlinearity f(t, Frx) is considered as a Lip-
schitz function. The input signal is considered constant
u(t) = [77.9°C 21.2°C]. The fault signal is defined as

Copyright® AMCA, ISSN: 2594-2492
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8°C 80s <t < 120s
falt) = {OOC otherwise (s).
The Lipschitz constant is selected as A = 100 and 7 =
0.00001. The initial conditions for the nonlinear system
are x(0) = [10, 60, 15, 557, and for the observer (7) -
(10) #(0) = [0, 0, 0, 0]T". The perfomance of the proposed
observer is shown in Figures 1 - 2. The fault occurs at
the time ¢t = 80s. In a real context, the fault can be
due to problems in the cold water inlet valve. From the
simulation results shown in Figure 1, it can be observed
that the proposed observer successfully estimates the
simultaneous unmeasured states of the system, achieving
a notable reduction in convergence time. The estimate
fault manages to reduce the convergence time due to the
learnig part as seen in Figure 2.

(78)

..... T, error
ic

T, error
Tzc error
T, error

- - .Q‘ error

error on estimation states

Q, eror

20 I I I I I I I I I
0 20 40 60 80 100 120 140 160 180 200

time(s)

Figure 1. Convergence of the states estimation errors.
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'
'

I
'
'

]
i
'
'
'
T

0

g

L] L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200
time(s)

Figure 2. Fault estimation.

6. CONCLUSIONS

A GLO structure is synthesized to perform simultaneous
estimation of state variables and actuator faults in D-
NLPV systems. The advantages of the proposed observer
are mainly: (i) This methodology can be applied to
standard LTT formulations, considering them as particular
cases; (ii) The use of the generalized structure improves
robustness in estimation performances; (iii) The proposed
GLO methodology is capable of reducing the convergence
time for fault estimation due to the learning part. A heat
exchanger in D-NLPV form was considered to show the
performances of the observer designed.

REFERENCES

Boyd, S., El Ghaoui, L., Feron, E., and Balakrishnan, V. (1994).
Linear matrixz inequalities in system and control theory, 15.
Chen, W., Chen, W.T., Saif, M., Li, M.F., and Wu, H. (2013).
Simultaneous fault isolation and estimation of lithium-ion batter-
ies via synthesized design of Luenberger and learning observers.

IEEE Transactions on Control Systems Technology, 22(1), 290—
298.

Chen, W. and Chowdhury, F.N. (2007). Simultaneous identification
of time-varying parameters and estimation of system states using
iterative learning observers. International Journal of Systems
Science, 38(1), 39-45.

Darouach, M. (2009). Hoo unbiased filtering for linear descriptor
systems via LMI. IEEFE Transactions on Automatic Control,
54(8), 1966-1972.

Duan, G.R. (2010). Analysis and design of descriptor linear
systems, volume 23. Springer Science & Business Media.

Farooq, M.O. and Abid, M. (2015). Robust fault diagnosis
of power grid network system. In 2015 Symposium on Re-
cent Advances in Electrical Engineering (RAEE), 1-6. doi:
10.1109/RAEE.2015.7352755.

Hamdi, H., Rodrigues, M., Mechmeche, C., and Benhadj Braiek, N.
(2019). Fault diagnosis based on sliding mode observer for LPV
descriptor systems. Asian Journal of Control, 21(1), 89-98.

Hidalgo Reyes, J.I. (2008). Sensores virtuales basados en obser-
vadores continuos-discretos”. Ph.D. thesis, Centro Nacional de
Investigacién y Desarrollo Tecnolégico.

Jia, Q.X., Zhang, Y.C., Chen, W., and Shen, Y. (2012). A novel
fault reconstruction approach to satellite attitude control system
via learning unknown input observer and h techniques. In 2012
American Control Conference (ACC), 5160-5162. IEEE.

Jia, Q., Chen, W., Zhang, Y., and Li, H. (2016). Fault recon-
struction for Takagi-Sugeno fuzzy systems via learning observers.
International Journal of Control, 89(3), 564-578.

Osorio-Gordillo, G., Astorga-Zaragoza, C., Pérez Estrada, A.,
Vargas-Méndez, R., Darouach, M., and Boutat-Baddas, L.
(2018). Fault estimation for descriptor linear systems based
on the generalised dynamic observer. International Journal of
Systems Science, 49(11), 2398-24009.

Pérez-Estrada, A.J., Osorio-Gordillo, G.L., Alma, M., Darouach,
M., and Olivares-Peregrino, V.H. (2018). Hoo generalized dy-
namic unknown inputs observer design for discrete LPV systems.
application to wind turbine. Furopean Journal of Control, 44,
40-49. Advanced Control and Observer Design for Nonlinear
Systems via LMIs.

Severson, K., Chaiwatanodom, P., and Braatz, R.D. (2016). Per-
spectives on process monitoring of industrial systems. Annual
Reviews in Control, 42, 190-200.

Venkateswaran, S. and Kravaris, C. (2023). Linear unknown
input observers for sensor fault estimation in nonlinear systems.
IFAC-PapersOnLine, 56(1), 61-66. 12th IFAC Symposium on
Nonlinear Control Systems NOLCOS 2022.

Xu, S. (2002). Robust Ho filtering for a class of discrete-time
uncertain nonlinear systems with state delay. IEEE Transactions
on Circuits and Systems, 49(12), 1853-1859.

Yeu, T.K., Kim, H.S., and Kawaji, S. (2005). Fault detection, iso-
lation and reconstruction for descriptor systems. Asian Journal
of Control, 7(4), 356-367.

Yip, E. and Sincovec, R. (1981a). Solvability, controllability, and ob-
servability of continuous descriptor systems. IEEE Transactions
on Automatic Control, 26(3), 702-707.

Yip, E. and Sincovec, R. (1981b). Solvability, controllability, and
observability of continuous descriptor systems. [EEE Transac-
tions on Automatic Control, 26(3), 702-707.

Zetina-Rios, L.I., Osorio-Gordillo, G.L., Vargas-Méndez, R.A.,
Madrigal-Espinosa, G., and Astorga-Zaragoza, C.M. (2021). Ac-
tuator fault estimation based on generalized learning observer for
quasi-linear parameter varying systems. International Journal of
Adaptive Control and Signal Processing, 35(5), 828-845.

Copyright® AMCA, ISSN: 2594-2492



