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Decentralized stabilization of discrete time-delay large-scale

systems with structured uncertainties
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(1. Institute of Electrical Engineering, Yanshan University, Qinghuangdao 066004, China;
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Abstract: The paper focuses on the problem of robust decentralized stabilization for discrete time-delay systems with struc-
tured uncertainties. By constructing difference fonmat approach, the existing condition of robust decentralized stabilization con-
troller for discrete time-delay systems can be checked by the solvability of a couple of linear matrix inequalities. The concept of
controlling time-delay and the time-delay robustness of derived decentralized controller are firstly proposed and a method of
seeking the size of time-delay bound is presented with the solving for decentralized stabilization controller simultaneously. Con-

sequently, our results are more valuable in application than that of the existing results.
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1 3] (Introduction)

R & 2R G800 2 e RS I, BT K R G 4 HE
ENEBIR T RE2H &4 S8 E ik
AR E/D, THRER, 2T . HRA KX
BRGE R AT T 55 B9, A L AR ST B K . SeEk
[1~3]0FR T i K RENEL X BEE
JAIRE, SC[4] ] — BT T B R R REE L
HENS, EHOENBEXNARAEEERERN
R EW . LR LR, FREZ MNBA AR
SH RGN ENBEAEEEERIRTEBRANE
WL, {EIEVES BT, O M M R A ARG R kA
SCEEB R AT R T IS A0 AT T, 38 1 5 i B o 9 BT
AR X g | u] X AT YA 45 O i AR 5% R B Ll at
HEENEI B, BT EEN BRI RERSE
F4) BT S R D% 40 B R s 1T 28 SR AR R AL O — B R
4B B R4 2 A0 T AT AR AT B . o A AR SR S, AN E
KRB 5 R Mat 5 B AL, R ERET

WA T hl X e R A —E & B, B
HEFE—E T X N EBE E & ARG . A CHK
LA R E BRI AR HE M AL (M) P i) EVP
( generalized eigenvalue problem) , 7E 3R 1% 7+ BUHH 2 &
A [F a5 T AT A B R BUESR R T B
2 XS AR B E X (Plant description and defi-
nition)
ZEBAWMT NN FREHRMWAOAEELE
BRI RS
% (k +1) = Ax; (k) + Bu; (k) +

N
D) A (k - hy) + Bypi(k),
j=1

N
Sat qi(k) = Cumi (k) + Dy (E) + D Cyej (k= hyp),
j=1

pi(k) = (Aq) (k).
(1)

*» LW H BHEALEFFES(69925308) 5 EHK 0 RFHEHE (60174010) BT H
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5 M A

19%

Ha x (k) € R%,u;(k) € R, p;(k) € R%, q;(k)
€ R4, z,(k) € REDFIRSAHNER WA E. 5%
BT k= 0. REW AT EM R AGHHELIES 2
HRZER T A BREWMT &4

p{k)pi(k) < q.(k)q.(k),

BER#HRANMTES
II = {A:A = diag(A,,+,4,),

NJ'H%B%%(U% zznT
Zb:x,-(k+1) =71pixi(k)+274ﬁxj(k—hﬁ) + Bpiu,-(k).

(3)
-

S|

pi = Ai + B AC,;,
Epi = B; + B,;ADy;,
A; = A; + B, ACy;.

H W B AR A S ECR R T

i (5.6

A(k) = HF(K)E, F(k)F(k) < I
5 WL PP R D0 A SO B E SR MR, B &
XHHBRES S TEATEET.

A RET IR Q)HTEESBEEER S
Bit, BZER S ITERARMNEEXN. H
I, Sese AR B

EX 1 MIRMNEBNTREFERBHSRSE
i 4% i

u;(k) = Kax; (k) (4)
FEEMFEVARES RS

N
x;(k+1) =(A; + B)x(k) + Z;ljixj(k - ki),
j=1

i =1,2,>,N (5)
BIEN, K A, = A, + BF.,B, = B, A(Cy +
DuF), Ay = Ay + B, AC,;. EHXRHEHIR(4)HF
E, ARG RSB EEEER, HAKERR4)
FRARFREQ)W B ELEHER.

3 FEZE (Main results)
XA E & RG(5),% BELT B Lyapunov 2 R

V(x(k)) = EV = Zxxk)TPxL(k) (6)
#*’Jﬁﬁﬂ?ﬁ@%ﬁ’*ﬁﬂ:
AVR = V(1) - Viz),
AVE = V(xg,a) - Vixeoa), (7)

AVE = V(xg) = V(ziop).

MIEMERE 1, ETHEEEMR()HEITH

Claim.
Claim

(6), HH

Xt Z& 4 (5) Fr 45 1 M9 Lyapunov 7Z B8

H
>IAVE <0, (8)

1=0
n#E AV? < 0.
i RiEH® BREAR,BIX vE(B=-H,-,
+ o), AV) = O BRSL, ABATT A V(%) 250 1 i 3

H
W B R AV 50,1 = 1, H, B D AV} =
=0

0, H5X(8)HEFJE, B IBIGIE.

£ 1 H Lyapunov 52 & & & Claim, # 3
(8) WL, M ARG (5) —REFILIZEN .

EE 1 %ﬁ?ﬁﬂiﬁ (61,€2,"‘,€N+1),E%X¢
M X, RAEREY,, B3 0T B LMIs BRSL, MIFR R G
() B BrI g W . AR R ERAR S R w88

u; (k) = YX7'%x (k).
-X;+(N+1)eB,BY, &, 0
* Ez E3j < O,
* * —€j/(N+1)
(9)
HeAp « TEXSHREFERTE, j =1, N + 1.
5 = [AiXi + BYY; AuXy AnXy 0],
N X Xy (N—l)Xi}
5= blockdlag{ Hz ~H T T H ,
A—J31—[CX+DY o <« 0 0],
H3J [O cee 0 Cq(j 1)1. 0 cee O] ,
j=2,,N+1.
N
E , h; = mmh

j=1

W ET Lyapunov ZeR(6) RESHEA(T)T
BTFR

N h.
SIS AV <

j=1 i=0

i[(ihg)x'{(lf + 1)Px;(k +1) -

i=1

Na; (k)TPx, (k) - (N-1)x,{k=h;)TPx;(k-h;)] -

ZN) ZN) xi(k—hij)TP;xi(k—hij) =

j=1 i=1
N
S IHWTOWw. (10)
i=1
He
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W= [x(k)T % (k- k)T an(k = h)" 2 (k- B)TIT,
[AIPA; - NP./H,  ATP Ay ATP; Ay; 0 T
APA, ATPA, - 3 ATP A 0
v =
2T p 7 3T p 7 T p 3 Py
AnPi A A NP Aqg ANPiAp - H 0
L 0 0 0 - (N -1)P,/H,.
Bk, R ¢ < 0, M#E Lyapunov 35 & & H & Claim Hp
ARG REHIRER . I'"'er < - 2B, A(C,X; + DY) -
Xt =1, B3R (9) X Schur #M5 | H A48 NE T
[_ X, + (N + 1)e, B,BT, El] 24201 BpA (Coonily- i) Ty (16)
3 =) <0 D smaeymaEmA(7)
- X; =i
o ; oo | <o (17)
= i AL Ay AV &
5= blockdlag{ U - H, “H, ~ m }, s
U= —%+(N+l)€fl(CQiXi + inyi)T(quXi + inyi)_ Ei= [(Ai+BpiAqu)Xi+(Bi+BpiAqu) Y, (Ay+
A ' B AC,;) X, (An; + BiACy) Xy 0],
N v = WE4 X, = P7L K = VX!, M@= (17) & Schur
o= 7. A3 W < 0, HLAETIAE.
. 2 AEIEERHERREG)HNBES
I, = blockdiag! BB, 0 - O, BT B S R TE R AL (N + 1) DRI
IT; = blockdiagi0  (CuXi+ Du¥)'(CoXi+ DY) g st p AT AT M A3 IR 48t T B AR 26 4
0 - of, B E LRSI B MR EE R SR (9)F
W (1D 2 M F Tt F Matlab 'y LMTtool T EL4 R % . i 2% LMIs #9
'@+ (N+Dealli + (N+ Dei'IL)I < 0. MG RRMETRENMETHE, MR EKE

(12)

BT e > 0, MTFAZERRIL
o F)2 > 4TI, T I,T.

(rr

N+ 1
He r = (rf,r,--,rk,s)" MR $#E Cauchy-
Schwartz A X R EF A FHEQ2), I BEHAH
EH A, TAERBSL

o 2
(r"525T) > 4(TIBA(CuX: + DT,
(13)

BHR(12)BRETE I''eor < 0, MTFRXHEL

o
Na il <-2T1BuA(CuXi + DY) I

FT
(14)
B¥,%; = 2,--,N+ 1 HR(9) &

D ,
N 11"' < - 2F1BPA(Cq(j-1)i‘X}-i)n+1’

FT
(15)

SR EAHESHTRENITEARXR, BETREF
MR ESH ] BT, MR/ RAA LMIs /9
MEE KL

SEBR TR A ZE KB St a9 45 Fl #5820 i AE 2%
B, EERFRITHERSELX - HHEXEHRNAER
Bt BREBSHERTEY, EE 2 ELA LT
ERSKRBORNGD THES BN ERHR
% . X WF A ATD (average time-delay)

Hym = H/N.

EE 2 #ELLF EVP(generalized eigenvalue
problem) & (e, ,en, X, Y ), AL (3) Xt
£ Hiarp W2 0 << Hiarp < Hymo M43 BUEE , BLAT
BEEEN uf (k) = YIX] % (k) , AR A& 4 B i
EHH Him.

FlF LMI Toolbox ' &) BB % gevp( )R T &
EVP
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{A,-(x) < UV/HamBi (%), .
Bj(x) >0,j=1,2,-,N+ 1.
Hh
-X;+(N+1)eB,By; E 0
Aj(x):' * 0 Es; )
* * —¢g/(N+1)

Bi(y) = blockdiag{o - X, _%—1

Xy (N-1')X, O}
- N - N )

3 RETEZ ZHx(k + DTPx(k + 1)

RFEE H BRE®REH, J\'J_ﬁ(IO) SHE AT NH g W5 /2
0< NHipro < H; W7, WETEH 2 HEH 1 K
FiwHETH.

T4 —RKREEFRRETEFRENHENRER
SETERE R AL AH S BB IR AR g, N2 Fr EH R
G, R EUERIEEFHERFRET , FIHE
2 RS, RIHXK G S ], AT
RE . EH2HWRRTARETHH T —FhEUE R
B EERTHE L R O ¥, X R B 5T I A AR S i
BHTE, AT AT E i — P R R W IR A A R .

4 ¥{E%IF (Numerical example)
Z BN T S8R BB BRI R R S (1)

0.5 0.3 0.4 0.5
Al = ],A2= ]1
0.3 0.6 0.3 0.2
0.5 0.2 0 0
As ], 1 = ],
0.4 0.4 0 0
P 0.1 0.05] [0 0.1]
271y 02"3‘0005’
0.5 0.5 0.5
Ay = [
0.5
0.5 0 0.5 0
AB= ]1 _[ ’
0.1 0 0.5
0.5 0.5
Ay = ] [
[ . B [ . B [O.l
b P2 T o) 7T Lo
[o 01 [0.1] [0.1]
2 = O ’ 3 = O ’
c c c 0.1]T c 0.1]T
1 = 2= 3 = 01 > ql = 02 3

c 0.1]T c [0.3T
2= lg.3l 7 7 T lgsl

S5 N A 19 %
C, = [0 0], ¢, = [0.1 0.3],
Cas = [0.5 1], Dy = 0.4,
Car = [0.3 1], Cpp = [0.6 0.4],
Cps = [0.1], Dy = 0.4,
Cp1 = [0.7 0.5], Ci = [0 0],
C = [1 0], D3 = 0.5.

N (19) % EVP, AJ 154848 B ¥ 1 28 B AHRL A
B BRI LA
K, = [-0.8397 - 0.5889], 0 < Hiamp < 2.1287,
Ky, = [-2.1190 - 0.8251], 0 < Haamp < 1.9652,
Ky = [-3.7493 - 0.9652], 0 < Ham < 9.7039.
5 #5i$ (Conclusion)
EXETFEEEBEASFSITE, 40 THEEA
1 5 B i K 2R G5 9 B s A O 43 B4R I 2% M 2 80RO
F RANAREEHERALGHARENE B/ET
FEHIaT A R BAR , TR A s wl #R Xt AT i R A
B, BEAFVIE T AR BT ERAE .
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