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Abstract: - This paper concerns an improved H ., filter design for discrete-time linear singular uncertain systems
with constant time delay and unknown input. The proposed approach yields a robust observer that reconstructs a
state functional despite the presence of uncertainties that are functions of a bounded noisy signal. The uncertain
quantities are considered as disturbances. H filter is designed to attenuate the effect of parametric uncertainties
on the estimation error and reconstructs a state functional independently of the actuator fault described by an
unknown input vector. The proposed filter is based on the Krasovskii stability theory to ensure converging
unbiased dynamics. The bias-free conditions are formulated into a convex optimization problem, leading to an
optimal filter gain design. The results, validated on a benchmark numerical example and compared with existing
methods, confirm the effectiveness of the proposed approach.
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1 Introduction to the case where the uncertainties and time delay are

.. . . . th acti the stat th trol 1 t .
Monitoring a dynamic system for diagnostic purposes both acting on the state and the control input, [9]

requires the knowledge of its state model, [1], [2], 3],

[4]. However, in the case of singular linear uncertain Building on foundational work in functional state
systems, this task becomes more complex due to the reconstruction for discrete-time singular systems,
differential and algebraic constraints of the system [11], this research extends previous developments,
model, [5], [6], [7], [8]. [16], [17], by addressing systems where uncertainties
Moreover, in practice, some of the state apd time delays affect bOth state aqd control input
components are inaccessible which require the simultaneously, [9], unlike earlier approaches
design of a state functional filter able to reconstruct focused solely on state uncertainties, [6]. ~ The
components using measured outputs and known proposed discrete-time observer employs a bias-free
input, [9], [10], [11], [12]. This filter will minimize estimation dyn'flmlc, with stability ensure?(.i through
the impact of external perturbations and uncertainties the discrete-time  Lyapunov-Krasovskii  theory
on the state functional estimation error, [1], [13]. The formulated via LMIs, [14], [15]. This flexible LMI
linear matrix inequality (LMI) approach formalizes framework accommodates additional performance
stability and robust performance constraints into constraints.
a convex optimization problem, [14], [15]. For
discre.te. systems, the .syn_thesi_s of the filter r.elies on The proposed algorithm consists on the
the' minimization a criterion given by the ratio of the determination of an observer gain that ensures
estimation error over the whole perturbation, [16]. bias-free estimation dynamics. This gain results from
This result offers flexibility to integrate additional the solving of a set of LMIs developed from a discrete
constraints, such as convergence dynamic and function equivalent to that of Lyapunov-Krasovskii.
robustness to structural variations. The paper is organized as follows: Section 2
Some previous works, [6], [16], [17], formulates the modeling problem of delayed singular
have dealt with the simultaneous handling of uncertain system. The third section outlines the
parameter uncertainties and state functional vector assumptions and details the proposed algorithm.
reconstruction where the uncertainties act on state Section 4 validates the proposed algorithm on a
only, [16], [17]. This work extends the previous ones numerical example based on a real benchmark.
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2 Problem Formulation

The considered system (] - B) is a discrete singular
uncertain and delayed system with an unknown input
and where the uncertainty and the delay are operating
on the state and the control input.

Ea(k+1) = (A + AA®K))z(k)

+ (Aa + AAq(k))x(k — d) + +E1v(k)

+ (Ba + ABg(k))u(k — d) (D

y(k) = Cx(k) 2

z(k) = Lx(k) 3)
where the vectors z(k) € R"; y(k) € RP; u(k) €

R™; v(k) € R" and z(k) € RY are respectively
the state, the output, the input, the unknown input
and the state functional at time instant k. The terms
AA(k), AAy(k) € R™™ and AB(k), ABy(k) €
R™™ correspond, respectively, to uncertainties on
the matricesA, A4, B and By.

drepresents the delay and F, A, A4, B, By, E1, C and
L are constant matrices, with appropriate dimensions.

Hypothesis 1 The structured parametric
uncertainties are defined as :
AA(k) = MiN.1G(k)
AAd(k) = M2N2G(k) 4)
AB(k) = M3N3G(t)
AB,(k) = M4N4G( )

Where M;,N;(i = 1,...,4) are real constant matrices
with appropriate dimensions and G(k) is a bounded
signal that satisfies

Gk)'Gk) < T ®)

In the case where G(k) is a scalar signal, inequality
(@) simplifies to |G (k)[* < 1.

Hypothesis 2 Let’s assume that, [16]:

1. rank [g} =n

2. rank[E]=¢1<n

Under hypothesis 2, there exists a full-row-rank
matrix S € R(@TP)x(+P) such that, [16]:

_|ar by
S = [61 dl:| (6)
for which:
a1 E +b01C = Lgxn (7
a4 diC = 0pxn (8)

with the matrices a; € R9*", by € R?*P, ¢; € RP*™,
and d; € RP*P,
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2.1 Discussion of Assumptions
Hypothesis 2, comprising the rank conditions

rank [5} = n and rank(E) = ¢; < n, ensures the

existence of a solution matrix S for the functional
estimation problem. These conditions are standard in
singular system observation theory, [2], [16], and are
typically satisfied in well-structured mechanical or
electromechanical systems. If these conditions fail,
alternative approaches such as weighted least-squares
approximations could be considered, [2].

The bounded uncertainty structure G'(k) T G(k) <
I in Hypothesis 1, while potentially conservative,
is widely adopted in robust control to handle

norm-bounded parametric variations, [7].  This
formulation allows the uncertainty effect to
be embedded into the LMI framework. The

conservatism of this bound directly influences
the achievable H., performance level v; a tighter
bound generally allows for a smaller ~y, corresponding
to improved disturbance attenuation. The impact of
this bound on the filter performance is analyzed in
Section 5.

3 Discrete-Time filter design

In order to reconstruct the state functional of the
system ([I] - B)), the designed observer form is:

U(k+1) = Fo¥(k) + Fy¥(k — d) + Hou(k)
+ Hqu(k — d) + L1y(k)
+ Lay(k — d) )
2(t) = V(k) + bry(k) + Eadyy(k) (10)
Figure [I| shows functional observer H, Design.
CLQISHL (zgi%) Singular System y(k)
v(k) ——p{ with Unknown
Inputs (1)-(3)
u(k) »
Proposed
filter (9)-(10)

Fig. 1: Functional observer H ., design.
Source: Created by the authors.

Where ¥(k) € R? represents the state functional
vector of the observer, 2(k) denotes the estimate of
z(t). The matrices Fy, Fy, Hy, Hq, L1, Ly and E»
are matrices with appropriate dimensions that will
be computed via LMI resolution to guarantee the
asymptotic convergence from Z(¢) to z(t), despite the
presence of unknown inputs.

Volume 20, 2025

—» Z(k)



WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37394/23203.2025.20.56

3.1 Filter Dynamic Scheme
The estimation error of state functional is:

ez(k) = z(k) — 2(k) (11)

replacing z(k) and Z(k) by these expressions in

and ([10), and usmg @), (@) and (), we have:

&

e,(k) = WEx(k) — U(k) (12)
with
W = (ag + E2¢p) (13)
From ([L1]), the error e, (k 4 1) is given by:
e(k+1)=WEz(k+1)—U(k+1)  (14)
By replacing Ex(k + 1) and U(k + 1) by their

expressions in ([Il) and (f]) respectively we have:

6Z(k3 + 1) = (WA — FyWE — LlC)x(k:) + Foez(k‘)
+ (WB — Hp)u(k) + WEv(k)
+ (WBd — Hd)u(k — d) + Fdez(k — d)
+ (WAy— FWE — LoC)a(k — d)

+ aw(k) + pw(k — d) (15)
with « = W [MiN1 M3N3]; f =
W [MyNsy MaNy] and w(k) = G(k) igg .

Theorem 1 defines the observer (9 - [L0) dynamics.

Theorem 1 The functional observer (f - [[0) acts as
a state functional estimator for the system ([l] - B) if
conditions i. to vi. are satisfied:

(1) e.(k+1) = Foe (k) + Fae.(k — d) + aw(k) +
Bw(k — d) is asymptotically stable

(i) WA = F,WE + L,C
(i) WAy = FyWE + LyC

(iv) WB = Hy
(V) WBd = Hd
(vi) WE, =0

A

proof 1 Starting from the expression of e, (k+1) ([L3)
and substituting the uncertainty definitions from (H)),
we obtain

e.(k+1) = (WA — RWE — LiC)a(k) + Foe. (k)
+ MiN1G(k)x (k) + M3 N3G (k)u(k)
- WE() + OV B~ ol

+ M4N4G( ) (k’ d) + Fdez(k — d)
4 (WAg— FWE — LyO)a(k — d)

+ (WBd — Hd)u(k‘ - d) (16)
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Grouping the uncertainty terms by introducing
w(k) = G(k)[z(k)" u(k)T]T, the above equation
can be rewritten as

ex(k+1)=(WA—-FWE — L1C)x(k) + Foe.(k)
+ (WB — Hy)u(k) + W Eyv(k)
+ (WAd - FdWE — LQC'):L’(]C - d)
+ (WBg — Hg)u(k — d) + aw(k)
+ Fue.(k —d) + pw(k —d) (17)
In order to have a bias-free form error such as:
e:(k+1) = Foe (k) + Fqe(k — d)
+ aw(k) + pw(k — d) (18)
the coefficients multiplying x(k), u(k), v(k), z(k —

d), and u(k — d) must be zero. This leads directly to
conditions(ii)-(vi) of Theorem 1. (]
These conditions enable to compute the matrices
of the observer, Fy, Fy, Hy, Hy, L1, Ly and Es.
When replacing W by its expression given by ([L3),
conditions ii., iii. And vi. will be written as:

a1A = Foa E + JoC — Eyc A (19)
a1Ag = Fga 1 E + J;C — Eoci1Ag (20)
a1 By = —Esc1 By (21)
with
Jo = L1 — FyFEsdy 22)
Ja= Ly — FyFady (23)

The equations (19 - 21)) can be combined into matrices
form as:

XI'=940 (24)
where
X = [FO Fy Jo Ja 7E2] € Ry*(2¢+3p) (25)
amE 0 0
0 agF 0
I'= C 0 0 c R(QQ+3p)*(2n+r)
0 C 0
aA ady ab
(26)
0= [CL1A a1y alEl] c R*(2n+7) 7)

Since vector # can be expressed as a linear
combination of the last row of matrix I', it follows
that:

rank <g> = rank (I") (28)
The solution of (24) is:
X =0r" - Z(I-TT") (29)
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where, I'"™ denotes the pseudo inverse of matrix I.
The matrix Z is determined using LMIs.

At this stage, we can deduce the matrices of the
functional observer (9 - [L0), Fy, Fy, Jo, Ja, L1, Lo
and Es.

The unknown matrix Fjy is defined as:

-
Fy=Xa;a1 = [Iq O(q+3p)*fI] (30)
By replacing (29) in (B0), we have:
F011 = 9F+a1; F022 = (I — FF+)041 (31)
The observer matrix Fj is given by:
Fo = Foi11 — ZFop (32)
and similarly, from the components of X:
Fy=Fy1 — ZFy (33)
Jo = Jo11 — ZJo22 (34)
Ja = Jan1 — ZJa2 (35)
Ey = Es1 — ZEs (36)
where
Fy1 =0T ag; Foo = (I =TT )aw;
g = [0g+q Ig 03p*q]T (37)
Join = 00 ag; Jooo = (I — TTH)as;
ag = [O2gsp Ip 02p*p]T (38)
Jai1 = 00" o Jgoo = (I =TT )auy;
ay = [03gsp Ip Op*p}T (39)
E211 = 9F+Oé5; E222 = (I — FF+)045;
T
a5 = [0(2q+2p)*p Ip] (40)

Then equation in condition i. from theorem 1 can be
written such, [16]:

i ][ ]
o[ o] =]
+ [I?n] w(k) + K,s(k) (41)

In fact, we can write the perturbation dynamic as
follow:
wk+1) = K;s(k) (42)

with K is a given matrix with appropriate dimension
and s(k) is a random signal. Then multiplying (7))
by a matrix ¢ we have:

Cwolk +1) = CKos(k)

Cw(k+1) = Kys(k) (43)
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with K, = (K,
In the sequel paper we will consider ¢ = I and K, =
I in order to simplify the mathematics.

Let’s consider €, = ez(k) , then we have:
w(k)

pe(k+1) = Fe (k) + Ege,(k — d) + Cao(k) (44)
with

o[ o[ i)neli )
=1 Ty ]sam =4t @s)

Based on (B1] - §#3), the observer (9 - [L0) design
is turned into a H., filter development problem
to attenuate perturbation w(k) effect on the state
functional estimation. The filter gain Z development
procedure is described by theorem 2 based on a H,
criterion.

Theorem 2 The observer (B - [L0) design is equivalent
to H. filter development for the system (I - [)
if matrices P, () and Y exist, according to a H
criterion such:

ez (k)
T <7 (46)
[lw(®) o
So that the following optimization problem:
min(y? > 0) 47)
p"Pp=(p"Pp)" =0 (48)
P 0 b _ pT
P_[O P3]>O,P_P 49)
Q1 0 T
= 0' = 50
Q [ 0 0, m0e=0 (50)
verifying
011 012 013 014 015 016 017 018
* 022 023 024 025 02 027 028
* ¥ 033 034 035 036 037 038
* * ¥ 044 045 046 047 048 <0
* * * * 055 056 057 058
* * * * * 066 067 068
* * * * * * a7 078
* * * * * * * 088
(51)
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with

o11 = —Pi;012 = 05013 = PrEoin — Y Fooz;
o014 = Pragi1 — Yagoo; 015 = P1Fy11 — Y Fyoo;

016 = P1Bo11 — Y Bo22; 017 = 0018 = P (52)
092 = —P3;093 = 0;004 = —P3;095 = 0; 006 = 0;
097 = P3;008 =0 (53)
033 = Q1 — P14+ 1;034 = —P1;035 = 0;036 = 0;
o37 = 0;038 =0 (54)
o4 = Q4 — P1 + I 045 = 05046 = 0; 047 = 0;
oas = 0 (55)
055 = —Q1;056 = 0;057 = 0;058 = 0 (56)
066 = —Qu; 067 = 0;077 = =y Lpn; 078 = 0;
oss = —7 I, (57)
where
a1 = (a1 + (Egll X Cl)) X [MlNl M3N3] (58)
99 = (EQQQ X Cl) X [MlNl MgNg] (59)
B11 = (a1 + (E211 X 1)) X [MaNa  MsNy4] (60)
522 = (E222 X Cl) X [MQNQ M4N4] (61)
A
The gain Z is therefore given by:
Z =Py (62)
proof 2 The proof is established using the

Lyapunov-Krasovskii function in discrete time
V(es, k), [14], [16], which serves as an energy-like
function for the estimation error. To further address
disturbance attenuation, H,, criterion is embedded
into the functional’s structure, V (e, k) describing
the estimation dynamic error. Then we propose:

V(e k) = el (k)p" Ppe. (k)
(63)

To establish a sufficient condition for the existence

of ({l - [L0), where P and Q satisfy (#9) and (50)), we
propose to verify the following condition:
H(esw) = AV ez, k) + €2 (k)e. (k)

— 2ol (B)w(k) <0 (64)
with

AV (e, k) = V(k+1) — V(k) (65)
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H(e,,w) = €L (k)[FTPF + Q — p" Pp + Ie. (k)
+ (k= d)[Fy' PEy— Qle.(k — d)

+ el (k)ETPEye.(k — d)

+ el (k) FT PCw(k)

vl (k— d)E, PFe,(k)

Lk — d)Ey PCw(k)

+ T (k)CT PFe. (k)

+ Wl (K)CT PEye.(k — d)

+ T (k)(CTPC — 42 )w(k) <0 (66)

which can be written as follows:

" (k)yn® (k) (67)
with
FTPF+Q—p"Pp+1  FT'PF;, «a
n= * FdTPFd —Q b
* * C
(68)
witha = FTPC, b = F, PC and ¢ = CTPC —
V2.
and
6Z(k)
(I)(k) = lez(k - d)] (69)
w(k)

To eliminate the quadratic form present in the
inequality (68), we reformulate it as follows:

(k) =¢—-9¢"=7"9 (70)
with
Q—p'Pp+1 0O 0
€= % -Q 0 (71)
* * —nyIm
o=1[F F; C] (72)
and
E=—-p! (73)

Based on Schur’s lemma, [18], the conditions < 0
and = < 0 hold if and only if:

_|= ¢
A= [ o7 @ <0 74)
Using a congruence transformation, [19], we
transform A as follows:
vTAv <0 (75)
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where
P 0 0 O
0 I 0O
=10 01 0 (76)
0 0 0 I

Replacing A and v respectively by their expressions
(@)) and (76) and using (71 - @), (70) is equivalent
to

-P PF PE, PC
| Q-p"Pp+I 0 0
v=1 . —Q 0 <0
* * I
(77)

Then, replacing in (77) Fy and F,; , which appear in
F and F} respectively, by their expressions (B2) and
(B3)) respectively, theorem 2 is proven.

O

3.2 Algorithm for Functional Filter Design
Given a system defined by model (Il - B), we
then proceed to determine the temporal functional
observer by applying the algorithm to a discrete-time
numerical simulation.

1. Check those conditions 1) and 2) of hypothesis 2
are satisfied;

2. Compute matrix S given by (6) using (7) and (§);
3. Compute matrices I and 6 using (26) and (27);

4. Determine matrices Fy11, Fo22, Fai1, Fao2, Joi1,
Jo22, Ja11, Jaza, Fo11 and Ejg from (B1]) and
(B7) and (40);

5. Calculate the observer gain Z according to (62);

6. Compute Fy, Fy, Jo, Jg and FE5 from the
equations (@ - );

7. Calculate L; and Ly from (22) and (23);

8. Determine the matrices H and H, in conditions
(iv) and (v) of as mentioned theorem 1.

4 Numerical Example

The process treated in this paragraph is a Marble Bloc
Reverser, [20], whose mechanical configuration is
illustrated in Figure Pl and Figure . Figure B shows the first
mobile plate, controlled in on/off mode by a hydraulic
jack. Figure § depicts the second reversing plate,
controlled by a hydraulic energy distribution system
composed of a hydraulic jack whose input flow is
regulated by a DC servo-motor, [21].

K

H(s) —
(S) JiRaSZ + (viRa + KTKf.e.m)S

(78)
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with K7, J;, B, and Ky, are respectively, the
torque constant, the inertia constant, the armature
resistance, the viscosity-friction coefficient and the
constant of the electromotive force (f.e.m).

7

/
,
/
_\,,.

Fig. 2: First mobile plate of the block tipper.
Source: [20].

Fig. 3: Second reversing plate of the block.
Source: [20].

The continues state equation of the process is:

x(t) = Ax(t) + Bu(t) (79)
y(t) = Cx(t) (80)
0 1 0
WlthA:|:O _Za:|9-B:|:KT:|5Za:24’
JiRa J'iRa
Ji=1, R, =4and K = 2.
We assume that this process may contains

uncertainties and time delay and it can be supplied by
an unknow unput so that we adopt the process model
to our model ( -B)). The correspond discrete model
is obtained through sampling.

The matrices A and B of model ([ - B) are chosen
that of the process and the other matrices are set as:

10 0 1 023 0
E:<1 0>’A:<0 —6>’Ad:< 0 —0.7>’

= () 8= (3)im=(3)sc=0 v,
1):

025 0.1 0.5
L= 2);M = ( 2 —0.1) My = <2.1

/02 0\ ., (01 01\
Ms = (0.2 —0.1) F My = ( 9 —0.1) ;
02 0 0.01 0.65
Nl:(oz 0.1>7N2:< 0 0.5)7
N, = (06645> and Ns = (‘f) .

81
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The time delay is set to d = 1s.
The discrete-time control input u(k), the unknown
input v(k) and the uncertainty signal G (k) affectin
the system are represented respectively in Figure @g,
Figure § and Figure d.
In this configuration, signal G(k) fulfills condition in
(@) of hypothesis 2.

2

pu— lnpw-n u(k)

161

1

05

0k

05

0 5 10 15 20 25 30 35

Fig. 4: Input u(k).

Source: Created by the authors.

05

— Unknown input v(k)
04t o) ] |

03

02

0 5 10 15 20 25 30 35 40 45 50

Fig. 5: Unknown input v(k).

Source: Created by the authors.

08

Uncertain C(k) ‘
06 T §

°§’U H“H

04 f

06+

-08

Fig. 6: Uncertain G(k).
Source: Created by the authors.
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According to assumptions ([7) and (), the matrices
a1; b1; ¢1 and dp are defined as follows:

a1:[0

=11 and d; =0. (82)
The discrete-time LMI-based approach determines
observer matrices that guarantee stability, robustness,
and convergence of estimation errors under
uncertainties, time delays, and discrete-time
dynamics, while optimizing performance through

H, criteria.

Fo=
Ly =

—29; F;=—-3.95Hy=2;H; = —1T7;
—29; Ly =-28 and Fo=-5. (83)

Figure [ shows the discrete-time evolution of the
state components z (k) and z2(k), highlighting their
dynamic behavior and mutual interactions over the
observation period.

0 5 10 15 20 25 30 35 40 45 50

Fig. 7: Evolution of components z (k).
Source: Created by the authors.

Figure § shows the real and estimated values of
the functional state vector z(k), highlighting the
performance of the proposed observer in accurately
tracking the system’s dynamic evolution.  The
comparison between the actual functional state signal
and its estimate demonstrates the effectiveness of the
filtering approach.

To provide a more detailed insight into the
estimation accuracy, Figure [ presents two
zoomed views corresponding to the time intervals
[12.5,14.5] and [40, 45], covering both transient and
steady-state phases. These detailed views reveal
that the estimation error remains consistently low,
confirming the robustness and reliability of the
adopted observation methodology. The improved
tracking accuracy of the proposed observer is clearly
visible when comparing the detailed zoom in Figure
g with the overall view in Figure [.
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40

real functional state component z(k)

35

= estimated functional state Z(k)

30r

0 10 20 30 40 50 60

Fig. 8: Component of z (k) :
estimated 2 (k).
Source: Created by the authors.

real z(k) and

Zoom 1: [12.5, 14.5]

real functional state component z(k)‘

8 ‘ estimated functional state Z(k)

135 14 145

Zoom 2 : [40, 45]

estimated functional state Z(k)

real functional state romp;msnt -2( A:)‘

25}

20 . s
40 405 41

41‘ 5 4‘2 dé 5 4‘3 43I 5 4;1- 44‘ 5 45
Fig. 9: Zoomed Analysis of Signals z (k) and Z(k)
Over Two Time Intervals.

Source: Created by the authors.

In the discrete-time framework, the estimated
state functional Z(k) converges to the real values
z(k), even in presence of parametric uncertainties and
unknown input. This robustness stems from the state
functional estimating approach, which attenuates
bounded uncertainties and compensates for unknown
inputs. As shown in Figure [L0, the estimation
errors converge toward zero over time, confirming
the algorithm’s stability and effectiveness. The
convergence is further supported by theoretical
guarantees, ensuring consistent performance in
dynamic environments.

The optimal H,, performance level is v =
0.45. The proposed observer outperforms both the
approach in [16], and a standard Luenberger observer,
[22], offering better disturbance attenuation.
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The estimation accuracy is further reflected in
the convergence of the estimation error e,(k) to
zero, as shown in Figure [[(. This demonstrates the
practical effectiveness of the proposed observer and
its improved performance compared to [16], and the
standard Luenberger observer, [22].

2

‘—Es(imation error e(k) ‘

151
1

05

0H
05 1

Fig. 10: Estimation error e(k)
Source: Created by the authors.

5 Conclusion

This work proposes a H., filter for discrete-time
singular systems with parametric uncertainties,
delays, and unknown inputs. By structuring
uncertainties as bounded disturbances, the proposed
method attenuates their impact via LMI-based
convex  optimization, while  reconstructing
functional states independently of faults. Based
on Lyapunov-Krasovskii theory, stability conditions
ensure convergent error dynamics and bounds the
energy gain between disturbances and estimation
errors.  The established LMIs guarantee both
asymptotic stability and prescribed disturbance
attenuation levels for the estimation error dynamics.
Through a numerical example, the approach
demonstrates robustness in under-instrumented
or constrained contexts, showing effective state
reconstruction despite complex system dynamics and
measurement limitations.

As derived from the mathematical equations
(1)—(83), the proposed design framework rigorously
establishes the stability and H., performance
conditions of the estimation error system.

References:

[1] T. Chevet, T. N. Dinh, J. Marzat, Z. Wang,
and T. Raissi, ”Zonotopic Kalman Filter-based
Interval Estimation for Discrete-Time Linear
Systems with Unknown Inputs,” IEEE Control
Systems Letters, vol. 6, pp. 806811, 2022. DOI:
10.1109/LCSYS.2021.3086562

Volume 20, 2025


https://doi.org/10.1109/LCSYS.2021.3086562

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37394/23203.2025.20.56

[2] M. Darouach, ”Existence and Design of
Functional Observers for Linear Systems,”
IEEE Transactions on Automatic Control, vol.
45, no. 5, pp. 940-943, May 2000. Available:
https://www.researchgate.net/profile/M
ohamed-Darouach/publication/3023708
Existence and design of functional obs
ervers for linear systems/links/553a72
280cf245bdd764406d/Existence-and-des
ign-of-functional-observers-for-linea
r-systems. pdf (Accessed: March 3, 2026).

W. Fan and J. Xiong, “Q-Learning Methods
for LQR Control of Completely Unknown
Discrete-Time  Linear  Systems,”  IEEE
Transactions on Automation Science and
Engineering, vol. 22, pp. 5933-5943, 2025. DOI:
10.1109/TASE.2024.3434533

(3]

[4] A. Iftar, "Robust decentralized controller design
for descriptor-type systems with distributed time
delay,” WSEAS Transactions on Systems and
Control, vol. 19, pp. 119-126, 2024. DOI:

10.37394/23203.2024.19.12

P. Tunga, J. Jaiswal, and N. K. Tomar,
”Functional observers for descriptor systems
with  unknown inputs,” [EEE  Access,
vol. 11, pp. 19680-19689, 2023. DOI:
10.1109/ACCESS.2023.3249099

J. Zhang, M. Chadli, and Y. Wang, A fixed-time
observer for discrete-time singular systems with
unknown inputs,” Applied Mathematics and
Computation, vol. 363, pp. 124586, 2019. DOI:
10.1016/j.amc.2019.124586

H. R. Ahmadzadeh and M. Shafiee,
“Event-triggered output quantized Heo control
for uncertain switched singular systems,” /EEE
Transactions on Circuits and Systems II: Express
Briefs, vol. 70, no. 9, pp. 34843488, Sept. 2023.
DOI: 10.1109/TCSI1.2023.3263291

[6]

[7]

[8] J. Wang, H. Wu, X. Ji, and X. Liu, “Robust
Finite-Time  Stabilization = for  Uncertain
Discrete-Time Linear Singular  Systems,”

IEEE Access, vol. 8, pp. 100645-100651, 2020.
DOI: 10.1109/ACCESS.2020.2998531

[9] M. Darouach, ”Linear Functional Observers for
Systems with Delays in State Variables: The
Discrete-Time Case,” IEEE Transactions on
Automatic Control, vol. 50, no. 2, pp. 228-233,

2005. DOI: 10.1109/TAC.2004.841932

[10] S. Hui and S. H. Zak, “Observer design for
systems with unknown inputs,” International
Journal of Applied Mathematics and Computer

E-ISSN: 2224-2856

578

Nasri Amani, Hamzaoui Fatma, Khadhraoui Malek,
Ben Njima Chakib, Messaoud Hassani

Science, vol. 15, no. 4, pp. 431-446, 2005.
Available: https://lab.prd.vanderbilt
.edu/taha/wp-content/uploads/sites
/154/2017/10/0bservers _SMO_UIO-1.pdf
(Accessed: March 28, 2026).

[11] V. Ghaffari, ”Robust Predictive Discrete-Time
Controller in Constrained Systems With
Uncertain and Delayed Terms,” [EEE
Transactions on Systems, Man, and Cybernetics:
Systems, vol. 54, no. 9, pp. 5478-5487, 2024.
DOI: 10.1109/TSMC.2024.3404648

[12] A. Sassi, M. Zasadzinski, H. Souley Alj,
and K. Abderrahim, ”Adaptive observer design
for a class of nonlinear systems with time
delays,” Advances in Science, Technology and
Engineering Systems Journal, vol. 3, no. 1, pp.
373-383,2018. DOI: 10.25046/2j030146

[13] A. A. de Paula, G. V. Raffo, and B. O. S.
Teixeira, ”State Estimators for Discrete-Time
Descriptor Linear Systems With Mixed
Uncertainties and State Constraints,”
International Journal of Robust and Nonlinear
Control, vol. 34, no. 12, pp. 7936-7967, Apr.
2024. DOI: 10.1002/rnc.7383

[14] N. N. Krasovskii, J. K. Hale, and J. L. Brenner,
Stability of Motion, vol. 71, no. 6 (Jun. - Jul.,
1964), pp. 701 Stanford University Press, 1964.
DOI: 10.2307/2312365

[15]J. Wu, A. Clark, Y. Kantaros, and
H. Ma, ”Neural Lyapunov Control for
Discrete-Time Systems,” Advances in Neural
Information Processing Systems (NeurlPS),
arXiv preprint, pp. 1-17, 2023. DOIL:
10.48550/arXiv.2305.06547

[16] M. Khadhraoui, M. Ezzine, and H. Messaoud,
”A Controller Design Based on a Functional
Hoo Filter for Delayed Singular Systems: The
Time and Frequency Domain Cases,” WSEAS
Transactions on Systems, vol. 16, no. 1, pp.
131-148, Jan. 2017. Available: https://wsea
s.com/journals/systems/2017/a325802-8
17 . pdf (Accessed: March 3, 2026).

[17] (text in French) Y. Boukal, Observation et
Commande des Systemes Dynamiques d’Ordre
Non Entier, Ph.D. dissertation, Université de
Lorraine, 2017. Available: https://tel.arch
ives-ouvertes.fr/tel-01661396 (Accessed:
March 3, 2026).

[18] S. Boyd, L. ElI Ghaoui, E. Feron,
and V. Balakrishnan, Linear  Matrix
Inequalities in System and Control Theory,

Volume 20, 2025


https://www.researchgate.net/profile/Mohamed-Darouach/publication/3023708_Existence_and_design_of_functional_observers_for_linear_systems/links/553a72280cf245bdd764406d/Existence-and-design-of-functional-observers-for-linear-systems.pdf
https://www.researchgate.net/profile/Mohamed-Darouach/publication/3023708_Existence_and_design_of_functional_observers_for_linear_systems/links/553a72280cf245bdd764406d/Existence-and-design-of-functional-observers-for-linear-systems.pdf
https://www.researchgate.net/profile/Mohamed-Darouach/publication/3023708_Existence_and_design_of_functional_observers_for_linear_systems/links/553a72280cf245bdd764406d/Existence-and-design-of-functional-observers-for-linear-systems.pdf
https://www.researchgate.net/profile/Mohamed-Darouach/publication/3023708_Existence_and_design_of_functional_observers_for_linear_systems/links/553a72280cf245bdd764406d/Existence-and-design-of-functional-observers-for-linear-systems.pdf
https://www.researchgate.net/profile/Mohamed-Darouach/publication/3023708_Existence_and_design_of_functional_observers_for_linear_systems/links/553a72280cf245bdd764406d/Existence-and-design-of-functional-observers-for-linear-systems.pdf
https://www.researchgate.net/profile/Mohamed-Darouach/publication/3023708_Existence_and_design_of_functional_observers_for_linear_systems/links/553a72280cf245bdd764406d/Existence-and-design-of-functional-observers-for-linear-systems.pdf
https://www.researchgate.net/profile/Mohamed-Darouach/publication/3023708_Existence_and_design_of_functional_observers_for_linear_systems/links/553a72280cf245bdd764406d/Existence-and-design-of-functional-observers-for-linear-systems.pdf
https://doi.org/10.1109/TASE.2024.3434533
https://doi.org/10.37394/23203.2024.19.12
https://doi.org/10.1109/ACCESS.2023.3249099
https://doi.org/10.1016/j.amc.2019.124586
https://doi.org/10.1109/TCSII.2023.3263291
https://doi.org/10.1109/ACCESS.2020.2998531
https://doi.org/10.1109/TAC.2004.841932
https://lab.prd.vanderbilt.edu/taha/wp-content/uploads/sites/154/2017/10/Observers_SMO_UIO-1.pdf
https://lab.prd.vanderbilt.edu/taha/wp-content/uploads/sites/154/2017/10/Observers_SMO_UIO-1.pdf
https://lab.prd.vanderbilt.edu/taha/wp-content/uploads/sites/154/2017/10/Observers_SMO_UIO-1.pdf
https://doi.org/10.1109/TSMC.2024.3404648
https://doi.org/10.25046/aj030146
https://doi.org/10.1002/rnc.7383
https://doi.org/10.2307/2312365
https://doi.org/10.48550/arXiv.2305.06547
https://wseas.com/journals/systems/2017/a325802-817.pdf
https://wseas.com/journals/systems/2017/a325802-817.pdf
https://wseas.com/journals/systems/2017/a325802-817.pdf
https://tel.archives-ouvertes.fr/tel-01661396
https://tel.archives-ouvertes.fr/tel-01661396

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37394/23203.2025.20.56

Philadelphia, PA, USA: SIAM, 1994. DOI:
10.1137/1.9781611970777

[19] S. P. Boyd and C. H. Barratt, Linear Controller
Design:  Limits of Performance, Englewood
Cliffs, NJ, USA: Prentice-Hall, 2001. DOI:
10.1109/9780470544334

[20] N. Cheikhrouhou, I. Megdiche, M. Assad, S.
Selmi, J. Slaimi, R. Aloui, N. Chebbi, N.
Zitouni, R. Gammoudi, N. Hamrouni, R. Ben
Jeddou, M. Gassoumi, M. Haggui, A. Chabir, S.
Amdouni, A. Saadi, N. Maghraoui, M. Aouachri,
M. Khadhraoui, L. Mabrouki, S. Ghodhbani, R.
Ramzi, T. Fathi, A. Chabir, I. Ben Ammar, N.
Sghaier, I. Ben Omrane, A. M. Massoudi, S.
Marrouchi, M. Baazouzi, R. Rihab, S. Dhaoui,
M. Elouni, M. Saidi, C. Bek, and S. Ben
Salah, Proceedings of the First Conference of the
Automation and Robotic Network Tunisia (ARNT
2021), Sousse, Tunisia, Oct. 29-31, 2021. DOI:
10.57944/1051-123

[21] H. Pandya, D. R. Vyas, P. S. Thakar, A.
Markana, and S. Prajapati, “Improved robust and
optimal performance of DC servo motor using
model predictive control with implementation,”

Advanced Control for Applications, vol. 7, no. 3,
pp. €70024, 2025. DOI: 10.1002/adc2.70024

[22] D. Luenberger, An introduction to observers,
IEEE Transactions on Automatic Control,

vol. 16, no. 6, pp. 596-602, 1971. DOI:
10.1109/TAC.1971.1099826
E-ISSN: 2224-2856

579

Nasri Amani, Hamzaoui Fatma, Khadhraoui Malek,
Ben Njima Chakib, Messaoud Hassani

Contribution of Individual Authors to the

Creation of a Scientific Article (Ghostwriting

Policy)

The authors equally contributed in the present
research, at all stages from the formulation of the
problem to the final findings and solution.

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflicts of Interest
The authors have no conflicts of interest to declare.

Creative Commons Attribution License 4.0

(Attribution 4.0 International , CC BY 4.0)

This article is published under the terms of the
Creative Commons Attribution License 4.0
https://creativecommons.org/licenses/by/4.0/deed.en
US

Volume 20, 2025


https://doi.org/10.1137/1.9781611970777
https://doi.org/10.1109/9780470544334
https://doi.org/10.57944/1051-123
https://doi.org/10.1002/adc2.70024
https://doi.org/10.1109/TAC.1971.1099826
https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US

	Introduction
	Problem Formulation
	Discussion of Assumptions

	Discrete-Time filter design
	Filter Dynamic Scheme
	Algorithm for Functional Filter Design

	Numerical Example
	Conclusion



