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Stability and stabilization of spatially interconnected systems

LIU Hua-bo®, YU Hai-sheng

(1. School of Automation, Qingdao University, Qingdao 266071, China; 2. Institute for Future, Qingdao University,
Qingdao 266071, China)

Abstract: The stability and stabilization are investigated for continuous-time linear time-invariant spatially interconnected
systems composed of many subsystems with different dynamics and arbitrary and fixed connections. A computationally
attractive necessary and sufficient condition is first derived for stability analysis of the systems, some necessary or sufficient
conditions are then obtained, which essentially depend only on parameter matrices of each individual subsystem. Based
on these stability conditions, a state feedback stabilizing controller is derived. These conditions avoid some algebraic
computations such as inversion of high dimensional matrices, and utilize sufficiently the block-diagonal structure of
system parameter matrices and the sparseness of the subsystem connection matrix. Numerical simulations show that they

are computationally attractive in the analysis and synthesis of a large scale networked system.
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y x Ars(i) Z2 A% (i)
AL, N R G 5 2wl E .

4 BEME

AR5 18 I HAE 17 FK R AR SO P B T VA I
TR R ARE My = Mai = My =
My = My = 2. 07 FSEIGAEN NTHRENL B 5E Rk, H
T i B N: Intel(R) Core(TM) i5-4690 CPU 3.50 GHz
4G RAM. A4, R G R M & B L™ 4, 5
AT RIMNA — N EF o E 1, BATEXN A &,
AT RS HRYE — A XA 4 [—0.4, 0.4] (3% 2
B8] oy AT SRS BE ML AR R F LUR UM 7 A 56 &
GriRasE v, 43 2 3 T Lyapunov A5 200 (5) &
FEIAERL 3. Horp, @ H 3 R E g AE W Ly N
A B AR 0. LM T 55K SR [22] H 32t 1 5
5. R N AN R G ) 73 (B 32 R 48, 7= A2 10
RGMAT U, it 1 RGA20E Y B vk S (] 7
PIEMbREZ. RTMER 2T FRGEHH N 23]
40 I ) — AR PR L5 .

HE TR 2T LA H, S RGHHE 104 J
PLF B, 56 T Lyapunov A &8 X THE AR 5 R e
B AAE Y, X2 R e B e BRI S U 4E 2 L
5:T Lyapunov /A 55 20T 15 31 56 11 I 4E 250, i &
GUELH B0 3 BRI  (E R B RS
HAL T K, T RSG5 H N 20, 30, 35, 400, 5T
Lyapunov A5 2t H o1 50 (8] 5 58 BE 1 [R) 22 BG4y
S°4: 1.078 260 1.350 093 1.449 304, 1.510661, 52 H
1 71T SRR Bk iR 5y . X2 B A 2E T Lyapunov
AN 7 AT S R SR SIS L X T
EFE3IPIME L TR, 41 RGN H B R, K
THE % 5 1 fTEE T Lyapunov A %5 20 19 A8 4,
X e e B3 R EFE 2 A REA TSR H R, B
ETRGAHBE ML, @ 3T ESCR e # 1 E
L X ST T3 R T BT RA S EH TR
M. 75 B4 H 2, A1 bE e B 1 T 3E T Lyapunov AN 45
2% A, 2 B 3AAN 2 R Gifa e e 7 4k 1.

TN FET AT RGUIRES OB E P i 28 st
()7 3L S H6 25 5 R M o AT 7 B 5230 — 3, WZE Lk
W& 2.
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F1 REMITERERNFEEE
FRGHEN Lyapunov /2534, EFE FE TR 3y A EAE EH 3y NEE
2 0.021529 0.023 960 0.038262 0.022437
10 0.185082 0.211740 0.189 856 0.044 374
20 2.010095 1.864202 0.377117 0.088 558
30 14.968 670 11.087 140 0.569294 0.225320
35 31.872010 21.991 260 0.660 199 0.235623
40 60.304 170 39.919050 0.754 290 0.310031
FR2 REMITERENIREE
TRGHEA N Lyapunov %53 EH SEFE 3y A E(E EH 3y N
2 0.001 782 0.001 361 0.000814 0.001 130
10 0.030232 0.023326 0.003950 0.001403
20 0.136298 0.140 068 0.006 506 0.002 606
30 2.106 619 0.823904 0.012386 0.162 131
35 1.661 720 1.245283 0.007 490 0.002 780
40 3.955155 1.706 082 0.004 751 0.007 822
5 & on Automatic Control, 2003, 48(9): 1478-1495.

ARSCHRE T T BRI ) 2R R AN AR 2 R EHE: R 4t
e e Mo BT 1 — S8 LMI R 21 76 00 0 B4 1, 1% 5%
PRI T 7 RA M ST RGOERHERE, A 200
T 250 2 B0 BE R HUG] A R I R 3R 400 4 B
(AR AR P, X T P S RIUABE () 2 () e 4 R AE TH AL
R I A T AR T AT RS
ZHII R FAF BB, G S T A KRET R
Ui REE R G AR e Y b FERR B M BT )
Bl BT T T AT RGUIRES R e ]
WA M TR T E AR s &7
V2, AT L I VB G T e AR R SR AR IS B
THEACEE .

N K B T B[R] 2R P I AN AR A ) B R
GubR LR, B Tt R o b LS R e
PE ] A5
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