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: w(”uyl) ? w(vl5yl)
2 2 0 0
B R € WZRIR N

C' = [W(vl, yl) 0 0]
BAERX T, (2, , z,) #EATRME, B E AR,

w(vla yl) € R

AR
400 -3 1 0
Al =12 0 0,A =|-1 0 1
100 0 0 0

59 1 1
1 1
B =———|5 5[,BB=——1|1 1
: w(vl5 yl) : w(vl5 yl)
2 2 0 0
C = [w(v,y,) 0 0] w(v,y) el
D> = lim T(z,z) =[1 1]

2]7® , 2p)—>®

W —4E MIMO 240 F-M 11 #8523
A, 0 A 0
I T

0 A2 0 A?

B B,

Bl = ’Bz =
2 2
BI BZ

A =

[Cl OJ
C -
0o C
1 1
D= lm 7T(z,z) = [ ]
z 0, 2p—© 1 1

X [ — 2R A REAE 2 3K, T DA R 2
Pl 4 PRI ) I 285G RIS B 93 mT LA A
SRS A A S5 A SO S A AR o
TR S50 AR A5 S B B 14 R /N VB
FFPRANAT e S5 R0 1 FfR . FE /B T AR SOy
VEAE AR IR A B3k RS2 B B B VR T 1 P
ZARREE N RRIE 230 A — A e R i (R
(18RS Sk i 2 RPAE 22 T TR R R e 2 8 9 1 T S 4
B, I Matlab #4705 5, 25 R 40K 7 R,

5 % #

ARSCHEH T HETF F-M I ARZS 28 [RIBRY f) £ 2
F GRS S IR BT T ik i 7RI 2 A R

F1 BEIHEFREMXISHEE

p \ ) N ARSCE:
FHIEZ2 10150 TR B SR SR
1+ ang + @212, + az + ay 2z, 4 1 2 4
| — a2z, — a,z — a3z — ayz, — 4,7, 4 1 3 2
1 +dy 2z, + dyz +dyyzz, + dygz +dyz, 3 1 3 12
1L -Biz - Bz 2 1 1 1
1 +a,zz, +a,z32 +ayz 3 1 3 6
1 +22 +253 4 1 4

— 1207 —



AR 2021 4E 11 H 5318 4511 1

— 4 |47
40 4
10 —
"'7
¥ 107 i’
= ,o‘
% 20l /’0
% 10 .,‘
& 10%°f f'
t"'
I';__/J_
]
W= 4 6 8 10
I 2 TR
7 EERBBMEESTXLUNERNEE

o LA TR IO 05 Ry 1 T, 107 IR BE S N 2 4E R G2
P TP AR ER F-M IR 2 [ AR — 4 A B
C.D il RIFET 2RI Ty i A —Fhsg B,
ARSI AR ARAT 52 B S B [R) BSRS89 S B T
AL E AR B SR, R 45 T B B B0 6
TE AR AT o 24 R G TF SRt T
FUR BN FAE MIMO R0, AT LARAS
TR R HLACR S 2 A SE B 4, T4k T MIMO &R
Ge SR PR R EE A B iE— 25 I BT 2 s
ARRAE Z2 3 S5 R 1 B A 5 L AT B S 1 4
TN R 2 BERSAE T 5L R i 22 4k R L1
SRR

S 23k

[ 1] Dreesen P, Batselier K, Moor B D. Multidimensional re-
alisation theory and polynomial system solving[ J]. Inter-
national Journal of Control, 2018, 91(12) : 2692-2704

[ 2] Shen J, Wang W Q. Stability and constrained control for
positive two-dimensional systems with delays in the sec-
ond FM model[ J]. IMA Journal of Mathematical Control
and Information, 2019, 36(2) : 515-536

[ 3] Bose N K. Multidimensional Systems Theory and Applica-

tions[ M ]. Strasbourg; Springer Science and Business

Media, 2013, 23-30

Yan S, Zhao D, Wang H, et al. A novel constructive

procedure to low-order Fornasini-Marchesini model reali-

zation[ J1. Journal of the Franklin Institute, 2020, 357

(3): 1764-1789

— 1208 —

[ 5]

[ 6]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

[14]

Yan S, Xu L, Zhang Y N, et al. Order evaluation to new
elementary operation approach for MIMO multidimen-
sionall systems [ J |. [International Journal of Control,
2019, 92(10) : 2349-2359

Markowski K A, Hryniéw K. Method for finding a set of
(A,B,C,D) realizations for single-input multiple-output
/multiple-input single-output one-dimensional continuous
time fractional systems[ J]. Journal of Applied Nonlinear
Dynamics, 2019, 8(1) : 97-108

Zhao D, Yan S, Matsushita S, et al. An approach to
multidimensional Fornasini-Marchesini state-space model
realization w. r. t. columns of transfer matrices[ J]. Sys-
tems and Control Letters, 2019, 123(2019) ; 116-123
Sheng D Q, Wu X D Z, Cheng H, et al. F-M II model
realization of 2D radar based on graph theory method[ C ]
//2019 TEEE 5th International Conference on Computer
and Communications, Chengdu, China, 2019.731-735
Bachelier O, Cluzeau T, David R, et al. Structural sta-
bility, asymptotic stability, and exponential stability for
linear multidimensional systems: the good, the bad, and
the ugly[J].
(12) :2714-2725

Markowski K A, Hryniéw K. Digraph-building method for

International Journal of Control, 2018, 91

finding a set of minimal realizations of 2-D dynamic sys-
tems[ J]. Bulletin of the Polish Academy of Sciences Tech-
nical Sciences, 2018, 66(5) :589-597

Markowski K A. Minimal positive realizations of linear
continuous-time fractional descriptor systems: two cases
of an input-output digraph structure [ J]. International
Journal of Applied Mathematics and Computer Science,
2018, 28(1) :9-24

Elosmani A O, Bouagada D. Graph-theoretic approach for
structural controllability of two-dimensional linear systems
[J]. IMA Journal of Mathematical Control and Informa-
tion, 2019, 36(3) : 763-777

Markowski K A. Determination of minimal realisation of
one-dimensional continuous-time fractional linear system
[J]. International Journal of Dynamics and Control,
2016, 5(1) . 40-50

Hryniéw K. Graph-based database architecture and data
preprocessing for analysis of 2D dynamic systems[ C] //
International Carpathian Control Conference, Szilvasvarad,

Hungary, 2018.73-78



WA 545 LT F-M LIRS 23 (IR B ) 2 4 RGeS BT 1%

[15]

[16]

[17]

Hryniéw K, Markowski K A. Digraphs-building of com-
plete set of minimal characteristic polynomial realisations
as means for solving minimal realisation problem of nD
International Journal of Conirol, 2015, 26
(6): 1175-1178

Vimal K E K, Gurumurthy A. Modelling and analysis of

systems|[ J .

sustainable manufacturing system using a digraph-based
approach[ J]. International Journal of Sustainable Engi-
neering, 2018, 11(6) : 397411

Zhao D, Yan S, Matsushita S, et al. Exact order reduc-
tion for the Fornasini-Marchesini state-space model based

on common invariant subspace[ C ] //2019 TEEE Interna-

tional Symposium on Circuits and Systems, Sapporo, Ja-

[18]

[19]

[20]

Zhao D, Yan S, Matsushita S, et al. Exact order reduc-
tion for Fornasini-Marchesini state-space models based on
real eigenvalues| C ] //2018 Chinese Control and Decision
Conference, Shenyang, China, 2018 6350-6354

Liu C, Cheng H, Cao Z Y. F-M II model realization of
2D radar based on array theory method[ C] //2020 IEEE
6th International Conference on Control Science and Sys-
tems Engineering , Beijing, China, 2020.10-16

Can Z Y, Cheng H, Wu X D Z, et al. The research on
target detection of MIMO radar based on Fornasini-Mar-
chesini I model[ C] /2019 IEEE 5th International Con-
ference on Computer and Communications, Chengdu,

China, 2019.741-746

pan, 2019:14

Multi-dimensional system realization method

based on F-M II state space model

Chen Junhao, Cheng Hua, Liu Huikang, Sheng Daoqing
(School of Information Science and Engineering, Wuhan University of Science and Technology, Wuhan 430080 )
Abstract

For the realization of multi-dimensional systems, the Fornasini-Marchesini II ( F-M II) state space model of
multiple-input multiple-output ( MIMO) linear systems is studied. On the basis of the one-dimensional system reali-
zation method, a new multi-dimensional system realization matrix solution method based on F-M Il model is pro-
posed. Compared with the canonical form method, the proposed algorithm adds two types of vertices to the digraph
of characteristic polynomials, a group of realization matrices of the F-M II state space model can be obtained instead
of only one realization. And the order of the realization matrix is relatively low, avoiding the complicated matrix cal-
culation process. The new method makes the system expression more clear and intuitive, and facilitates the design
and analysis of multi-dimensional systems. For the proposed method, specific examples are given to illustrate its
feasibility.

Key words: multi-dimensional system, multiple-input multiple-output ( MIMO) system, digraph, Fornasini-

Marchesini I (F-M II) state space model, realization matrix

— 1209 —





