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The aim of this talk is to introduce a new class of positive fractional 2D continuous-time
linear system described by Lyapunov differential equation and based on the Roesser model.
The solution of this system is derived. The positivity conditions are extended to the considered
model. Necessary and sufficient conditions for the asymptotic stability of the positive 2D
continuous-time Lyapunov systems are established. Finally, numerical examples are presented.

Problem 1. Motivated by the work of [2] and [3], which respectively study the problem of
positive Linear Lyapunov systems in the 1D and 2D discrete cases, we investigate the stability
of a positive fractional 2D continuous-time Lyapunov linear system. This system is described
by the Roesser model [1], which is defined as:[
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where Dα
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, Dβ

t2 the Caputo fractional derivative operators, 0 < α, β < 1, A0
11, A

1
11 ∈

Rn1×n1 , A0
22, A

1
22 ∈ Rn2×n2 , B1 ∈ Rn1×m, B2 ∈ Rn2×m, C1 ∈ Rp×n1 , C2 ∈ Rp×n2 , D ∈ Rp×m.

The matrices xh(t1, t2) ∈ Rn1×n, xv(t1, t2) ∈ Rn2×n are, respectively, the horizontal and vertical
matrices states at the point (t1, t2), u(t1, t2) ∈ Rm×n is input matrix, y(t1, t2) ∈ Rm×n is output
matrixn and n1 + n2 = n. The boundary conditions of the system (1) are given by{

xh(0, t2), x
v(t1, 0) where t1 ∈ R+, t2 ∈ R+

}
. (2)

Based on the results of the positive fractional Roesser model presented in [7], we present
the following resultat.

Theorem 1. The fractional 2D Lyapunov system (1) is positive if and only if, A0 and A1

are the Metzler matrices, and B ∈ Rn×m
+ , C ∈ Rp×n

+ , D ∈ Rp×m
+ .

Theorem 2. The fractional 2D Lyapunov system (1) is symptotically stable if and only if
any of the following equivalent conditions are satisfied:

a) Re (λi + µj) < 0, for i, j = 1, 2, . . . , n where λ1, λ2, . . . λn are the eigenvalues of the matrix
A0 and µ1, µ2, . . . µn the eigenvalues of the matrix A1.
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b) There is some strictly positive matrix θ ∈ Rn×n such that

A0θ + θA1 < 0. (3)
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