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Admissibility tests for multidimensional singular
fractional continuous-time models

Kamel BENYETTOU and Djillali BOUAGADA

In this paper we present and discuss a new class of singular fractional systems in a multi-
dimensional state space described by the Roesser continuous-time models. The necessary and
sufficient conditions for the asymptotic stability and admissibility by the use of linear matrix
inequalities are established. All the obtained results are simulated by some numerical examples
to show the applicability and accuracy of our approach.
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1. Introduction

Analysis and design of multidimensional systems (dD) where (d > 2) has
been the subject of much research in the recent decades. Multidimensional sys-
tems propagate the state in several independent spatial directions and have ap-
plications in systems theory, but also in engineering areas such as circuit theory,
digital filtering and image processing [2,4,8,11,12,21]. Note that the transition
of 1D case to the multidimensional case is done naturally by studying the two
dimensional models.

Copyright © 2022. The Author(s). This is an open-access article distributed under the terms of the Creative Com-
mons Attribution-NonCommercial-NoDerivatives License (CC BY-NC-ND 4.0 https://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits use, distribution, and reproduction in any medium, provided that the article is properly
cited, the use is non-commercial, and no modifications or adaptations are made

K. Benyettou (e-mail: kamel.benyattou.etu@univ-mosta.dz) and D. Bouagada (corresponding author,
e-mail: djillali.bouagada@univ-mosta.dz) are with Department of Mathematics and Computer Science,
ACSY Team-Laboratory of Pure and Applied Mathematics, Abdelhamid Ibn Badis University Mostaganem,
P.O.Box 227/118 University of Mostaganem, 27000 Mostaganem, Algeria.

This paper presents research results of the ACSY-Team (Analysis and Control systems team) with
Laboratory of Pure and Applied Mathematics (LMPA) and of the doctorial training on the Operational
Research and Decision Support funded by the General Directorate for Scientific Research and Technological
Development of Algeria (DGRSDT) and supported by University of Mostaganem Abdelhamid Ibn Badis
(UMAB) and initiated by the concerted research project on Control and Systems theory (PRFU Project Code
COOLO3UN270120200003).

Received 15.10.2021. Revised 16.08.2022.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kamel.benyattou.etu@univ-mosta.dz
mailto:djillali.bouagada@univ-mosta.dz

www.czasopisma.pan.pl P N www.journals.pan.pl
Y
<

608 K. BENYETTOU, D. BOUAGADA

Recently, the stability of multidimensional systems has been considered in
many research for several decades. It has attracted the interest of many researchers
and practitioners in control theory [3,5,8,13,16, 18].

To study stability problems, one and two dimensional systems must be im-
plemented; the 1D models in dynamic systems are introduced and analyzed
in [16, 17] by the use of fundamental notions on the eigenvalues of the dynamic
matrix, and in [18], Marir et al. was expressed and developed necessary and suf-
ficient conditions of admissibility for singular fractional order continuous time
with 1 < @ < 2 proposed as a strict LM term. Kaczorek in [14] studied the
problem of the stability of multidimensional systems with it various applications,
and in [2,3, 12, 15, 20, 21], the authors investigated the stability conditions us-
ing new LMIT developed with different approaches for continuous and discrete
time system. Moreover, in [19] Tofighi et al. developed results for the stability
analysis three-dimensional (3D) systems using an advanced wave model. A ro-
bust stabilization conditions of multidimensional hybrid systems described by
the Roesser models was developed by Ghamgui et al. in [4], and recently Aissa
et al. focuses on the problem of LM based on stability conditions for the class
of singular continuous and discrete time multidimensional systems described by
the Fornasini-Marchesini models.

In this paper, we look at the extension of the work in [18] to characterize
the admissibility conditions of multidimensional systems expressed in a set of
strict linear matrix inequalities. Numerical examples are given to illustrate the
proposed methods.

2. Admissibility of dD singular fractional Roesser models

Based on [17, 18], we recall some needed definitions and properties as the
fractional Caputo derivative, Singular Value decomposition and the Kronecker
product.

Definition 1 [/8] Let the matrices A = [a,-j] € R™" and B € R?*P, so the
Kronecker product A ® B of matrices A and B is the block matrix

A® B = [a;jB] € R""™ (1)

foralli=1,....mandj=1,..,n
The matrix A ® B is (mq X np) matrix with (mn) blocs [a;;B] of order (pq).

Definition 2 [17] The function given by the formula

o)

[(x) = / Fle7'dr, R(x) >0
0

is called the Euler gamma function.
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Theorem 1 [I8] Let A € R™*" be a real matrix with rank r, then there exist an
orthonormal matrices U € R™", 'V € R™" and a rectangular diagonal matrix
¥ € R™" with coefficients

o ifi=],
Y= 0 iz
ifi#]
such that
A=Uxv".
This factorization of A is called the singular value decomposition of A.
For simplicity of notation, we will denote the expression A + AT by sym (A).

In the following, we introduce a general formulation of multidimensional dD
fractional continuous-time systems described by the Roesser model

Dzlxl (tlat2a"' ,td) X1 (tl,tz,--- ,l‘d) B
D?xy (1,12, - 41y x2 (t1,t2, -+ L tg
E;| " ( , ) = Ay . ) +| o fu(t o, ta),
: . Bd
Diixa (ti, 12, s ta) xq (11,12, s 1a)
(2)
where
Eyy Epp -+ Eng
Ey Ex -+ Eyg
Eq=| . . Sl eR™ (3)
Eqnn Eqp - Eaa
E; can be assumed invertible.
(A1 Ay -+ Aug
Ayl Ay -+ Ay . . .
Ag=| . T ] e R is the dynamic matrix, 4)
At Aax -+ Ada
B,
B=|:|eR™" is the control matrix, (5)
| By
x1 (ti, 12, L tq)
x2 (t1, 2,7+, ta) ;
. e R represent the state of subvectors, (6)

xq (ti,t2, -+ ,tq)



www.czasopisma.pan.pl P N www.journals.pan.pl
Y
S~

610 K. BENYETTOU, D. BOUAGADA

u(ty,tp, -+ ,tg) € R™  the input vector (7)

0<a;<1 foralli=1.d (8)
The unforced system associated to (2) is as follow

D;lllxl (t1,t2, -+ ,tq) xi (ti,tp, -+ ,tq)

D2xy (t1, 12, -+ 5 1a) X2 (t1, 12, s 1a)

Ey =Ay : . )

D;ded (t],tz,"‘ ,td) Xd (IIJZ,"' 7td)

First we begin by defining the dD Laplace transform. The multiple Laplace
transform relates functions f (z1,1,,...,t4) of the d independent real variables
t1,t,...,tq to a function F (s1, s2,...,sq) of d independent complex variables
(81,52, .. .,5q) through the equation

L [f (tl,tz, . ,l‘d)] =F (Sl,SQ, R ,Sd)

400 400 +00
:/ / . / [e_sdtd_sd—ltd—l—“'—SltlX
0 O 0
f(t1,t2,...,td)]dtldtz...dtd_ (10)

The function defined by (10) is called the multiple Laplace transform of
f(t1,t2,...,t5) where F(s1,s2,...,5) stands for the s domain representation
of the signal f(t1,12,...,tq).

By the use of the equation (10) to the singular fractional system (9) we deduce
the general definition of spectral abscissa which is

Ya(Ea, Aa) = max [Re(s)*" Re(s2)® --- Re(sq)™], (11)

(o4 [e4 «a,
8 1 ,s22,-~~ ,sdd)elﬁd

where:
The equation (11) means that the spectral abscissa contain d values, ie:
vi(E4, Ag) represent a vector of d dimensions that it’s entries are Re(s;)* with

i=1,dand

T, = {(sm,s(xz o ’Siikd) |det (Kgl,wz,...,adEd _ Ad) - ()} , (12)

172>
sy 0 o 0
o 0 S(zlzlnz 0
Kgrorrtd = | : (13)

d : : 0

g
S ng



www.czasopisma.pan.pl P N www.journals.pan.pl
Y
S~

ADMISSIBILITY TESTS FOR MULTIDIMENSIONAL SINGULAR FRACTIONAL
CONTINUOUS-TIME MODELS 611

with,

Zd:n,- =n. (14)
i=1

The characteristic polynomial associated at the the equation (9) is given by
D(l1,lz,"' ,td) :EdKZha/z,...,ad —Ay. (15)

We propose in the following a new definition of partial derivatives in the case
of fractional multidimensional systems.

@;

Dgix (tl,t2,' .. »td) = W}C (t],tz, . ,td)
i

t; .
1 / X (1) 4 16)
= T’

LN =) J (1 = o)™

where N; — 1 < @; < N, N; € N, forall 0 < a; < 1, i = 1.d. are the order
of fractional partial derivative, I'(x) is the Euler gamma function defined by
Definition 2 and

oNix (1,12, ,1q) for i1
T -
8N2x(l‘1,7',--' ,tq) .
X (1) = o for =2
ON4 t,t2, - tg-1,
* (0,12 d-1,7) for i =d.

OtNa

We introduce and discuss the stability analysis of multidimensional in con-
tinuous time systems by the use of similar essential definitions and results in the
case of integer non derivatives and the fractional derivatives based on the work
in[8,11,13,18].

Definition 3 The system defined by the equation (9) is regular if and only if:
det (EdKj"”*“""d - Ad) +0 a17)

form some s; € C,and 0 < a; < 1,i=1.d.
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Definition 4 The system defined by the equation (9) is said to be impulse-free if
and only if it’s regular and.:

deg (det (EqK*>" = A)) = rank Eq (18)

l.d.

forO<a;<1,i

To study the stability and admissibility conditions of the multidimensional
fractional continuous-time system (9) we must introduce some definitions and
notions. The first definition is the basic definition of asymptotic stability of
multidimensional systems.

Definition 5 The multidimensional fractional continuous-time system (9), is
asymptotically stable if and only if the state x;(t1,t2,...,tg) converges to zero
for zero input and every bounded initial conditions, i.e.

lim  |[(xi (t1.02,- - ,20) )| = 0 (19)

11,02, ,tg—+00
where i = 1,d and for

u(tl,tz,...,td) =0 for t; € Ry,
sup [|x1 (¢1,0,...,0)[| < oo,

t1eR,

sup ||x7 (0,17, ...,0)]| < oo,
sup e (012, 0) o0

sup |lxg (0,0,...,t5)|| < co.
tq€R,

Based on the obtained results [6, 8] and [13] in multidimensional systems
and the fact that the considered models are stable if the stability for all #; where
i = 1,d is guaranteed since all the variables are supposed independents, For this
reason we can give and establish the following results.

Lemma 1 Let us suppose: arg (spec(Eg, Ag)) = (A1 Az -+ Ag)!. Then the
model described by the equation (9) with u (t,1t2, . ..,tg) = 0 is called stable if

b4 b8 e
4 1 - > a5 @y s (1)

Which is imply:

v/
/l,’ > oz,E
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forall0 < a; < 1,i=1,d, where
spec(Eg, Ag) = {(s‘f';sgz, e ,sgd) / (s(f';sgz,~- ,sgd) e C?,
det (EgKGH ™ - ag) =0 (22)
denotes the set of finite modes for the pair (Eg, Ag).

Corollary 1 The multidimensional system (9) with 0 < a; < 1 foralli = 1,d
is asymptotically stable if and only if one of the following equivalents properties
are satisfied:

1. There exist a matrix P; = Pg such that

sym{@,; ® (A4P4)} < 0. (23)

2. There exist a matrix Qg4 = Qg such that

sym {@d ® (A{,Qd)} <0 (24)
with ) ]
O 0 - .- 0
0 ® 0 --- 0
0, = : s el : , (25)
Oua
where
sinf; cos0; T o —
Q; = —cos b, sinei] , 0,~=7r—01,~§ forall i=1,d. (26)

Definition 6 The multidimensional fractional system (9) is called admissible if
and only if it is: regular, impulse free and stable.

According to [18], we extend some results to fractional multidimensional
model (9).

Lemma 2 [f the pair (E4, Ag) is regular, then the following statements are sat-
isfied,
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1. There exist two non singular matrices M and N satisfying

I, 0

0 F 27)

ME; N = [ 0 I,

e[t )

where A; € R™" and F € RU="X(=1) i pilpotent.
2. The pair (Eg4, Ay) is impulse free if and only if F = 0.

A new results based on LM s conditions for the admissibility of dD frac-
tional continuous-time systems are now derived.

Lemma 3 The pair (Eg, Ag) is admissible if and only if the pair (Eg, Ag) is
admissible.

Proof. To confirm that the pair (E4, A;) is admissible if and only if
(ET, AT) is admissible we present the proof as follow

det (EgKG™> % = Ag) = det (EgK " - Ad)T
= det (EJK-> " - AT) (28)
and
deg (det (EdKf;"az""’“" - Ad)) = deg (det (Eng"‘”"" dd _ Ad)T)
= deg (det (EJK >~ AT))  (29)
which mean that the pair (E;, Ag) is regular and impulse free if and only if

(E b AZ) is regular and impulse free. By the use of Lemma 2 and Corollary 1 we

obtain that the stability of the pair (E;, A;) depend on A or A, "
Consequently, we have proved the equivalence of the stability between this
two pairs, which complete proof of lemma. a

Theorem 2 The multidimensional fractional system (9) is said to be admissible
if and only if there exist a matrix

X1 X2 - Xia i
Xo1 Xoo -+ Xog

Y2 .
4= >0 and Y=\ verifying (30)

Xa1 X2 -+ Xaa Ya
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1.
sym {04 ® AT (X4E + Eoa¥] || < 0. 31)

2.
sym @4 ® Aq (X,E] + Eoa¥] )} <0. (32)

P11 Py -+ Py
Py Py -+ Py

3. There exist a matrix Py = : Lo satisfying
P;n P;iz - P.dd
E'P,=P,E! >0, (33)
and
sym {@d ® ACTlPd} <0, (34)

where Eoq is an arbitrary matrix of full column rank, and which satisfies the
condition EgEOd =0, with

[©; 0 - - 0]
0 ®p 0 --- 0
o,=|: = " i, (35)
Oud |
where
sinf; cosb; B T .
O, = [—cos@i sind; |’ 9i—7T—0115 forall i=1,d. (36)

Proof. We have to prove that the admissibility and the condition (31) in the
previous theorem are equivalent.

1. Sufficient condition: First let us partitioned the matrices X4, ¥; and A; in
block matrix as follows. Let us suppose that the inequality (31) is satisfied for
some matrices

X Xp - X
Xo1 Xoo -+ Xog X1 | X

X | X

d =

Xa Xao -+ Xaa
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and
Y14
Y5 Y,
Yo=| . |=|—1-
Y
Yai

Ay A -+ Ay
Ayl Axp -+ Ay

A:Ad: =

Ar |An
Anr | Ay
By the use of singular value decomposition of the matrix E;, We assure the

existence of two non-singular matrices M and N such that

Agny Agx -+ Aga

0
Iy

I, 0

A; A
00 A

and Ej= mT [
Anr Ay

MEdN:[ ] MAyN = ] (37)

with r = rank E.

From the non-singularity of the matrix M, Ey; is a full rank matrix which
satisfied the equation E” Eq = 0. Let us put the following equations

X X Y
x=Mm"|" My, y=NT| |, (38)
X1 Xiv Yir
The equations (37) and (38) yields
AT (XaEa+ Eogt") = NT AN (39)
with o L
T T 5T T
- _ A1X1+A”Y1 AIIIY” (40)
AL X+ Ap X[ + AR Y[ ALY

and by the use of some properties of the Kronecker product, we then obtain

0, ® (AZ (XdEd + EOdeT)) = (4 04) ® (N_T ' (ZdN_l))

NT 0o 0 0 N1t 0o 0 0
0O . 0 0 ~ 10 0 0
= (O;®A) 41)
0O 0 -. 0 0O 0 . 0
0 0 0 NT 0 0 0 N!
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with - R _
Ay A, 0 0 0 0 0 0
~A, A 0 0 0 0 0 0
0 0 Ay A 0 0 0 0
0,04,=| 0 0 -Ap Ay 0 0 0 O
O 0 0 0 .. 0 0
0 0 0 0 0 0 Ay Ap
0 0 0 0 0 0 -Ap Ay
and foralli =1,d
A= V N EZ?XL"'%[TH?? Sin(ei) {ITH?I sin(@,-)] | W)
(A7, X1+ AL XT + ALY ) sin(6;) AL Y] sin(6;)
An=| _ A(Z’T)?’f {?”YITJ cos(6) /E’T”;Y” Cos(ei)]. (43)
(A}, X140+ AL X] + AT Y] ) cos(6;) A], Y], cos(6;)

Then
sym {@d ® AZ; (XdEd + EOdeT)}

NT 0 0 O0lr# 0 0 o1[8V'" 0 0 0
0 .0 0|0 H 0 0]]o0 0 0
= ' . (44
0 0 . 0|0 O = 0jl0 0 . 0
0 0 0o NT[LO 0 0 Heflo 0 0o N
where o~
W = A,l + Ail 2 — A12
1 — — —
A\l?"z— i2 i1+A\,T1
We finally deduce that
sym {0 @ AT (XyEq + Eoa¥] )| < 0 (45)

which implies that A;; + A7, < 0 foralli =1,d.
Where
Zil + A:]i =

e (AT YT+ Y A) Sin(@')]
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we conclude that for every i = 1.d, we have
(AT Y] + Y Ap)sin(6;) < 0
since sin(6;) < 0.

Therefore A, ;v 1s a non-singular matrix which means that the system (9) is
regular and impulse free.

Since the system (9) is regular and impulse free, there exist invertible matri-
cesL, R

I, 0 A, 0
LE, R = s LA R = . 46
d [0 0] d [0 In—r] (40)
Note that
X; | X Y,
X, =17 | 2118 y=RrT||, EOd:LT[IO ] (47)
X | X 11 n—r

from the equations (46), (47) and the inequality (32) the following result is
deduced

NT 0 0 O0lme;, 0 0 01/M" 0 0 0
0 % 0 O
0 0 O 0 0 O <0 (48
o 0 . 0|00 010 0 . 0
0 0 0 NTJLO O 0 %l o0 o0 N
with o @
i1 @iz
= [af )
® (KIT)?[ + XITKI) Sil’l(@i) (5(:11 + ?1) sin(@,-)
il = —~, —~, —~, —~ B
(X}’, + Y,T) sin(6;) (Y,T, + Y,,) sin(6;)
_ (49)
. (AITXI—XITAI)COS(H,) —(X11+Y1)cos(0,~)
2= ~ o~ ~ o~ .
(XITI + YIT) COS(Q,‘) (Ylj} - Y[[) COS(HI')
Forallizl,_d.
Y, 0 0 O
0% 0 O
The inequality (48) implies that we have 0 0 0 <0.
0 0 0 ¥

In other ways ¥; < 0, Vi =1,d.
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(W, 0 O 0]
0O W, 0 0
: 0 - 0 [<0 (50)
: S0 .0
| 0 o o0 --. Wd_

with
[ (A?X\] + X\ITA’VI) sin 9,' (Z?X\] - X\ITA’VI) sin 9,’
(5(721 - A?XI) cos 0; (;47)’(\1 + )?IT;L) sin 6;
()?ITI+?IT) sin 6, (}?IT]"‘?IT) cos 6;
—(5(7}+/Y\IT)COSQ,- (5(\1T1+?]T)sin0,-

()?[[ + ?1) sin 9,’ — (5(\11 + ?[) COS 9,'-
()?11+?1) COSHI' (5(\11+?1) sin@i

PN S < 0. (51
YITI + Y[[) sin@i (YIY} - Y[]) cos 6;
(/Y\[] - /Y\Ic) cos 6; (/Y\IY; + Y][) sin 0,
Using the inequality (51) we deduce that for all i = 1, d,
(;4‘?5(\1 + )?ITAVI) sin 91' (;4.?5(\1 - )?ITAV[) COoS 9,‘
< 0. (52)

(X\fgl - A?X\]) cos 6; (A‘?X\] + )?ITAVI) sin 0;

Finally, relations (50), (51) and (52) confirms the asymptotic stability of the

system (9) since X; > 0. As a results, the system (9) is admissible (regular,
impulse free and stable).

2. Necessary condition: Let us assume that the system (9) is admissible, then
applying the equation (46) and Lemma 1, which gives us spec(Eq, Ag) =
spec(Ayy) and

— by by
arg(spec(Ald))>[a1§ QZE adz . (53)
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According to the Corollary 1, there exist a matrix X; > 0 such that
sym {G)d ® (ET?T)} <0 54)
and

0 T
Eoa=L" [ ] ., Y;=R
In—r II 0 In—r

7 —
J] . Xy=L" [X‘d 0 ] L. (55
From the equations (46) and (55) we obtain

sym {@d ® (Ag (XdEd + EOdYg))}

RT 0 0 0

0 x [diag (ﬂi + Al )]

X h : (56)
O 0 . 0
0 0 0 R

where the matrices A; and A, are defined as follows

ImTild sin 6; 0 A};Tfld cos 0; 0
0 —1I,_,sin9; 0 —1I,_, cos 8
Ai=| . e . (57
_Ald de COS 91‘ 0 Ald de sin 9,- 0
0 I,_, cos0; 0 —1,_,sin 0;
Let us note that
A+ Al = | A (58)
T TAL A
with
A = (nyld + )?ldgld) sin 0; 0 (59)
1 B
i 0 =21, ,sin0;
Ail — (Z{d}?ld - fldgld) COS Qi 0] . (60)
0 0
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To prove the inequality (32) of Theorem 2, necessitate to prove the two fol-

lowing conditions
Al' <0
and
A= AnATTAT < 0.

We will prove one of the previous conditions for all i = 1,d because of the
similarity. From the inequality (54) we have directly A; < 0 Vi = 1, d and also

A= AaATTAL =

1

(g{dild‘*'ildgld) sin9,~ 0 _ (Z{dild_jzldgld) COS 9,' 0

i 0 —21,_,sin 6; 0 0_
- I

AT Xig+ X14A ) — 0 e~ :

y ( e ) (Alede—deAld)COSGi 0

0 — 0 0

I 2 sin 6; .

Q; 0
- [O =21, ,sin6;|’ 61)
where

- N e o
Q; = (ZleXm + deAld) sin6; — (ATXmd - deAld) (AleXm + deAld)

cos? 6;

x (X14A1q - AT, X )— 62
( 1afia = A1 Xia) 5o (62)

From (54) we have ©; < 0Vi = 1, d, which implying that A; — Aj A;'AT <0
and guaranties the relation (31).

Finally we have proved the equivalent between admissibility and the condi-
tion (31).

3. To ensure the relation between admissibility condition (31) and (32), Lemma 3
is used to get this conditions.

Remark 1 The equivalence between first and third proposition in this theorem
yields directly from the equality of two sets:

Yar = {Xs e R EDXy = XTEy, ETX, >0, rankEDX, =1}, (63)

Y2 = {Xd = PyEq+ E0aQa, Pa>0, PqeR™, Q¢ R(’H)X”} %)

This equivalence completes the proof of our main theorem.
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We revisit the admissibility conditions in theorem 2 for the case where d = 2
and we present a numerical experiments example to illustrate the 2D case by
simulating an electrical circuit problem.

Example 1 Let us consider the multidimensional system with d = 2, as in [17]
the example of an electrical circuit which represents the long transmission line
with the distributed element described by the following figure

i(x,1) RAx LAx i(x+Ax,1)

=CAx |u(xtAx.t)

X \X

Figure 1: The RLC circuit

For the describing circuit in Figure 1, the development of equations that
describe the current and voltage in this line as a function of time ¢ and space
variable x,

~D%u(x,1) = Ri(x, 1) + LDPi(x,1), )
~D%(x,1) = Gi(x,1) + CDPu(x, 1),

where u(x,t) is the voltage, and i(x,?) is the current at the point x from the
beginning of the line for time ¢; R is distributed resistance, L is distributed
inductance, G is distributed conductance, and C is distributed capacitance of the
transmission line; 0 < @ < 1 and 0 < B < 1 are fractional (real) orders with
respect to the spatial variable x and time 7.

An equivalent matrix system which describes the previous figure is given by,

100 L 0 -R 0 O
01 CoO||Pixn(t.)| |-G 0 0 0| [xa(t1.12)
0000 Dng(tl,,z) 10 -1 0 |x(r,12)
0000 0 1 0 -1
.
+ Bi’_u(zl,zz) (66)

with:

xp(ti, 1) = x,(t1, 1) =

>u(t1,t2)]

|i(t1,12)
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where u(t1, ;) is the voltage and i(z, ;) is the current at the point #; from the
beginning of the line, for time #;.

For C = 0.00007F /m, R = 0.009Q/m,G = 0.08Q~'/m, L = 0.02H/m and
a = 0.5, 8 = 0.6, The considered system (2) with

xp(t1,12)
t1,1) = |44.2614 -24.6661 16.8733 0.0189
u(n, ) = | | xv(fl,lz)]
in this case the system (66) will be as follow
Dixp (t1,12) xp (1 tz)]
E ; =A ’ 67
[D;ﬁzxv (1, tz)] [Xv (t1,12) (7
with
10 0 0.02
0 1 0.00007 O
E=loo o o (68)
00 0 0
[ 0.1328 —0.0740 0.0506 —0.0899
—0.0800 0 0 0
A= 4.5409 -1.9733 0.3499 0.0015 |- (69)
0 1.0000 0 -1.0000

The L MI s defined in (31) and (32) (Theorem 2) are used and the considered
system (67) is admissible, the proposed feasible solution is

1.7034 -0.6852 0.0000 -0.0000
X = -0.6852 2.9106 -0.0000 —0.0000 (70)
~ 1 0.0000 -0.0000 1.0000 0.0000

-0.0000 —0.0000 0.0000 1.0000

and
~0.2801 —0.2435
0.1250 —0.2141
Y'=1_0.0180 -0.0146| " (71)

0.0373  0.3689

3. Concluding remarks

In this work, the general fractional multidimensional system described by the
Roesser model is presented and analyzed, and new extended results on the stability
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and admissibility conditions based on the Caputo derivative are introduced. New
approach by the use of linear matrix inequality £ZMZ and Kronecker product are
then derived. The obtained results are illustrated by some numerical examples in
the case of a two dimensional state space to show the applicability of our method.
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