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Decentralized control of interconnected systems with
random communication packet dropout

LI Hui, WU Qing-he
(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The stability analysis and controller synthesis are thoroughly investigated for large-scale interconnected sys-
tems, which subject to random communication packet dropout between subsystems. Spatial variables and spatial shift oper-
ators are introduced to model the interconnected systems with packet dropout as multidimensional systems of discrete-time
and spatial variables and with Markovian jumping parameter. Analytical criteria are obtained for the whole interconnected
system to be mean-square stable and to have the prescribed performance, based on the bounded real lemma for jump sys-
tems. Next, a method of designing the decentralized output feedback controller is proposed, which is expressed in terms of
linear matrix inequalities. Finally, an example of multi-robot formation control with consideration to the packet dropout is

exploited to demonstrate the validity and effectiveness of the proposed model and method.
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Fig. 1 The model of interconnected systems
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a )\max(GO) ~ 0
A A HANE AT, A5 B IER 1)
313 1

P, : E
0(k), ,0(ktn—1)

a"V(xr(k,s)),Vk,VneN. (28)
JIT A
lm B[S V(er(k9)er(0.5)] <

N—009(0),,0(N) k=0
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3 (Y T 0 0 O]
d G,—L,1}H, 0. 40
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Arr ArrX + BorF Ars;Z  — Bor;Q Bir
Rl1: AST AST,jX + BgsF ASS,jZ — BOS,jQ BlS , j € {0, 1,2,3}, l:]+2
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] %, ¢1¢(40)£1J|T TRV = G1 édiag{Vo,Vh‘Ll} €
Py () () () ()] Gl fbdet(V) # 0,Vy > 0, i0Z = diag{Vi, V_1},
Voolp P 0 0 0 PR Vo RE R FEEAT DUT 20 B
VoiTi 0 P 0 0]>0 (42 oo X ] [y om]
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I)_I\UV()Ul = UQ. T\/apl = diag{Ul,Im,Im,Iq}, }n\Uﬁ

P PyP, = Ry, (44)
PPP; = Ry, 45)
P{T; P, = Ryy. (46)

Hh:

L=HB% F=CEKN?,

W =Y Arr X +Y Bor F+LCyr X +H AR N},
Kj = YATSJ'Z + LCQSJZ,

M; =Y Bor;Q + LD ;Q,

j=0,1,2,3; l=j+2.

\|
/

(47)

IR, RPANEE L (42) 221 T fe Fediag { Py, Py, Py,
Py, P;} A fediag{ Py, Py, Py, Py, Py }, Wl A3LMI(41).

HERE.

R B R 2 T S A A 2 4
R BRI T 7 e ZELMI(A 1) A AR, TSR 45 b Ay
wX,Y, L, F,WJa, thaX@47)n] 1545 il 48 50 5.

TE A s R A RO N I T R
AT SR H RN, SRAE 0] 2% SCHRI3,17].
5 %) (Example)

AT I — A 2 LA N LS G BA TR 81 -k 1
WISV AT PR B 4). AR I B SCHR[13].

[@o(t, 5) ] 0 — i E7(1t) E<S(7t) M,
. m m m
xl(tv 3) 1 0 0 0 0
Ly 0 1 0 0 0
Ly 0 1 0 0 0
vrs) [ =1o 0 A) 0 1-A()
v-(t,s) 0 0 0 @) 0
z21(t, s) 0 1 0 0 0
2(t, 5) 0 0 0 0 0
Ly(ts) 1 o 1 0 0 0

Hrh: Ly =g, (t,s+1), Lo = xs_, (t,s—1), My =
k k

E(l_’}l(t))a My = E(l_(S(t))? Ny = U-‘r(t_Ata 8)7
Ny =v_(t — At,s).

Fig. 4 Multi-robot formation in line

XA AL, AW 307 14
mi€; = kiy1(eiy1 — e;)—
ki—1(e; — ei—1) + dai + uy,
y; = e; + 0.1dy;.

Forpe e RSB HLER N 91T AL B FE N AL AE
Fy B ACUT B ) ) 225wy 7 A T T HL s i)
Py 0 AT R BN A T g O DR S
iny‘:’ﬁﬁ'En?T%?é. mzjﬂ*ﬂ%&k%)ﬁ—%’ ki_1$ﬂki+1§j\
ol 2 T JE L AR 2 AL s N RS 520 2
B XA Bems = m, ks = k, Vi, G AT H
FIC S EAE A LA N AL R KR 30T ER A 2 1) s o
iz BN T AT A TR e = 0
R 1 ) .

TESERR N o, Bl as AR B A5 B2l
2 9 4 Ak A2 TCAB B AR AR, e T AN AT S )
KB HE Z OISR, 5 B I A AL B Z R O
G BA R G B R RS P ) AL

i (t,s) = zp(t,s) = e;, xa(t,s) = x1(t, s),
zs ,(t,s) = eit1, xs,(t,s) = ei—1, u(t,s) = wi,
3T R GEHPIR A (1) S sK@9) . e
() R0 () 47~ W 48 A% Sy a5 B A5 DL, Aty R
(] .

(48)

i i L 1-
M, 0o - —
m m
0 r SUQ(t, S) T 0 0 0
0 1t 5) 0 0 0 ;
0 0 0 0 1(t, s
xSl (t7 8) + d t
0 ) 0 0 0 2(t,s) |
xS—l( 73) u(t 8)
1-6(t) N, 0 0 0 ,
0 N, 0 0 0
0 - - 0 0 1
0 | 01 0 0|
(49)

Wk = m, KFEWRHT = 0.5 s, ZFp = 0.3.
i & 32, 3L FMATLABILMI L H 46, 7] 5K 75 %
MH MRy = 3.7444, {ii KL FE PB4 1E
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A& AT I BEAILEL, 19 21 10 eyt B g i A A

AK —0.3875 — 3.5830 BK _ —1.9940
0.1599 —1.9351 | —2.5204 |’
CE =[2.4982 1.4590].

% [E3 G Hlas N g R 48, (R 3 6 HLas
N R B AN R AU ST L 28 A AT LS In) H A Ak,
WG ZI3AL 28 N 5 L 4b () BRAEAT &2 TR] 1) fi
ZE M er = =5 m,es = 10 m,e3 = 20 m, JET
A R o R A 3 A WL AT ) T iR 2 )
N ES(T = 0.5s, p = 0.3) iR, AT W2\ 5
Gt B IR E I, RIS AR e T B R
FEREASBLAS N AL B 2 8 10, 18 21 2w BA 1) H 1.

400 ! " : :
: - HLEEA L
3 —HlEA2T
300 T BLEE A3
oy 250 o |
b1l
200 h
N
I F1] S, S s s S e i
D7) ) AN S SO SUUPNOE-UOE B S i
0] AR s (RS ) VO r SIS NESHEN Rene |
] j
50 60 70

K15 Biim Az h £

Fig. 5 Variation of mean square errors

6 458 (Conclusion)

AICEERT &1 R G AE DA AR/ AL 2
HILZR I G RGN AEE P RS b AT T
BIE ST B 3 M A 8 QIR 1) 5% T 28 490 S A ke L
i Markoviani 28 250 (1) B9 Hi [7] -2 (7] 22 4E R 4,
13 B REA IR RS 3 J7 Re € I AT — EHo T
ReFabr MR AT 25 1. AR5 2 TR M FEA U1
JiiE vt oy B e Bt s s A
Z WL N T 264 P9 28 B A SO 4 R R Bk
FEIEHATE.
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