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Abstract: The decentralized finite-time robust connective stabilization problem for a class of large-scale systems with
expanding construction is studied. These large-scale systems with the expanding construction are the systems constituted by
adding new subsystems on the original ones. The problem is to design the robust decentralized control law of the newly added
subsystem on the basis of not changing the decentralized control laws of original construction, so that the expanded system
can keep finite-time connective stability. The sufficient conditions of the decentralized finite-time connective stabilization
for this kind of systems are deduced by using LMI method, which is based on state feedback and output feedback. And the
design method of corresponding controller for expanding subsystem is given. Simulation results show the feasibility and
effectiveness of the proposed method.

Keywords: finite-time stabilization; large-scale systems with expanding construction; robust connective stability; LMI

0 51 =

FESEBR TREAR, X F TARR [R5 1 R 4, 1T
ARG EE MRS Hlas NBRIZ RSG5, 25
REJCH E E. Oy T WH L RS2 A 1% B, Dorato!! T
1961 4R 1A RIS A2 e PO, BAT, R TA
IR B T 53 P8 ) 2 1) ) R A 8 22 8 AR 12T, 3
LR AW TT T A TR BB At B Bt R 2
RO A BB (A B1E 1) AN )3 R 40 AR R AR R
g BENLARZNE R GEAAR LA EREN LA E R ST H0A IR
IF 8] 42 fi] 17 AL SR [8-91 Bk — D WF 7T 1 HLIc 2k M AN
ARk R G 73 H5CA BRI () 4805 e . SR, WF S g™
JE L5 K0 K 2R Gt XA RN 8] S IR AR Tl i A DG AR

UE N
% SR A BRI 1] A5 5 M A0 G DA R P PR A 3
ABIY AR R GL oy Wz H Bt . X9 4 i
KAGE 7> WA PRI (8] IR e 42 s i, T3 &
I JR 2R 48 10 73 Bz il A o, ZORAE AR TR R G20
P e A R Al b T KR R G R M 1 73 H50A FR
i 18] SR IR A8 P2l A, AR I R G R R UK R 48
P52 AT BRI ) A g HLOQIBCREE 1. A LMI T i, Bt
TH TR ARG 45 H) 1R 73 BICIR A B 15 A i Y e 1 4%
il A, R HELBIRE 1 B Uk i R,
1 JREH KRG E AR KA E
FR Ry AR RGN, S E 1 PR

ks BHER: 2014-09-04; 1&EHER: 2014-12-05.
EETBE: Ex @R ESTH61273011): EFRHFERFESTH (61403177).
1EE N /ANE1964-), L, #U%, WL, NEERRG G S¥EH] . Tkt 72 @5 36 S0 7

fil LA, NFE A R G g i) 54l It

XU PE(1988—), 5,



1968 1= # 5 * * %30 %
o Sy A NI TREMBIR RS, Sy N [En1, Ena, - Ex v BRAGSH M T A% &
BRI NN T ARG ov_1 = (1,00, ,on-1)T  BH
My -1 = (wi,wa,- -, wy_1)" BHNIRRGEE Xno1(t) = An1 Xn-1(t) + By_1iin—1(t)+
T ARG HB AT oy Moy AHIMAT RS Bt Xyos (), o (6), E)

SRR AN E T _ ’ ’ T
= Zn(t) = Ayan(t) + Byun(t)+
ht, Xy-1(t), zn (1), E). 3)
Hrp
ﬁ<t7XN*1(t)7xN(t)7E> = B@) =

E1 §REVRKARGHFRE
HIBIRRGE Sy 1, HECAHA N

yi(t) = Cixi(t),
N-1
= Y Ejuw(t) (1)
J=Lj#i

Forp: 2i(t) € RM\wi(t) € R\ y;(t) € RY 73 RN S i
M RGEHPRE R AN, Hi =12,
N —1; A;s By~ Cin Gis Hy N— @ JERUN W BOE RE. J5
RGN RIKAERE En_1 TR A

0 FEis S D N
_ Eo 0 < B N1
En_1= ) . ) . )
En_11 En—12 - 0

KBy N AT REME AT RGN BB,
Ei; = 1A EE, E; =0 N GHEK.
() ATR IR RS Sy ECEEAN

Xnoa(t) = A 1 Xn1(t) + By_rtin 1 (t)+
GN_10N-1(t),
yn-1(t) = Cn_1 XN (1),
wn_1(t) = Hy_1 Xn_1(t). 2
o
An_q = diag(Ay, A, -+, An_1),
By _1 = diag(By, B, -+, By_1),
Cn-1 = diag(Cy,Cy, -+ ,Cn_1),
Gy-1 = diag(G1,Ga, -+ ,Gn_1),
Hy_y = diag(Hy, Ha, -+ ,Hn_1).

MAEMANE NN T RG, HERHR AR Hi =
N &N on(t) = En n_10n—1(t) AR RG0S H N
ABIENATRERFW, oy_1(t) = Exn_1,nvwn(t)
KRFMANBENAD T RGN R R SR,

= _ T
En_in = [Ein,Eon,+ ,Encan)Y, Enn-1 =

GN1Eny_1Hy 1 XN_1(t) + Gyo1En_1 nHyan(2),
h(t, Xn-1(t),zn (1), E) = h(t) =
GNEnnN_1Hn_1XN_1(t).

#1235 NEFIEA N

i(t) = Az (t) + Ba(t) + h(t, &(t), E). (4)
Hrp )
i Ay_1 O B- By, O
0 Ay | 0 By
h(t, #(1), B) = [B" (1), n" (1)] ",
B(t) = [XN—l(t) _
zn(t) |
[xrlr(t% Ig(t), e 71%—1(75)7 x%(t)]T
FIER G (4) MRS, REHFAHEIITE R
i(t) =
Ai(t) + Ba(t) + To(t) + h(t,2(t), E),  (5)
Hrp
@) = [wi (),wy (8), - wn—_1 (), wn (]
BT B AR R G0 (4) B (5), 4 T @ L.
EX1 N TAEEME;6G =1,2,---,N), iR

T IREH KRG (4) W2
Bg Rig < ¢ = 2T () Ri(t) < cay
vt € [0,T],
MFRR G (@) KT (c1,e0,T, Ry, -+, Rv) 2H BRI [H]
IR E M (FTCS). 2 0 < ¢1 < ¢, 2(0) = o,
R = diag(Ry, Ry, - -+ , Ry) T 4501 1F 52 56 B

EX2 MTFHEEME G = 1,2, ,N)M—
Plw;(t), R RS (5) i 2
ig Rig < ¢ = #F () Ri(t) < cay
vt € [0, 7],
WFRZFRGERT (c1,c0,w1, -, wn, T, Ry, -+, Ry) 72
A BRI ] B FL) (FTCB). HiF: 0 < ¢; < ¢, #(0)
= %0, R = diag(Ry, Ro, - , Ry) NIE M 4E 501 1E 2

FERE.



11

S —RYREM KRGO SRR TR A & KRR T 1969

2 FETORE A 4 BCE PR I 18] S E
FEZE BT 25 R0, A M .
BRI 1 HIEI A(t, 2(t), B) i & IRAW
WU(t, & (t), B)h(t, 2(t), E) < B°2T () H Hi(t). (6)

Hof: B> 0 B, H = [‘{1 qQ] VoA R Ah

gz 0
AR,
BRi% 2
CLE.
SN T RGEHEAT I B, EEA R,
FIE1 HAAEIETEE o A IEE YN
%Eﬁi My, AF15 0 F AR

J5 5 48 9 A BRI [ ¢ kA o HL 92 )

[ Ax_1 0 Py_y 0 ¢ 45
0 Ay 0 I Yng¥ o
Py, O I 0O O 0
Vet <0, (7
0 I 0 —-I 0 0
G @Y 0 0 —AI O
Gs 0 0 0 0 —AI|
A
2 < Zee, (8)

A
73 i%ﬁ*}iﬁ%ﬁﬂ un(t) = Knan(t), i3 R 58 (4)
Fe A PR I 1) & M SRR AR A8 1Y, T AR A

Ky = MyYy'.
/\qj
Ay_1 = A;{z_leq + Py 1 An_y — aPy_1,
;1]\7 = YNA% + ANYN + MEBJTV + ByMpy — aYy,
~ 1 4
52 = 7 P = Y717
g ONTON
pN*l - diag(P17P27“‘ 7PN71)7
)\1 = mln {)\mm( z)}; )\2 = 1%‘1)?\,{)\max(a)}7

]‘< \
Amin (Py) 1 Anax () 739309 Py 1) f /N R KRFAIEAEL,

H Py = Ry\/?PyRy".
W WERS @) THIRER B at) = Ki(t) 1
R R4, H
#(t) = (A+ BE)i(t) + h(t,2(t), E) =
Ay_1 ©
0 Ay
Ai(t) + h(t, 2(t), B). )

Z(t) + h(t,2(t), B) =

Hrp
K= diag(K'N,l,KNL
An_1=An_1+ By_1Kn_1,
Ay = Ay + ByKn.

BEXT R 48 (9), AT B IR BE R R A

V() = T (t) Pi(t).
Horp
b Py_4 0 = diag(Py, Py, --- , Py_1, Py).
0 Py
FH SCR [11] AT 40
V(#(t) < aV(&(t)), (10)
2R (10) B5 ASEREAR SRR, A
l%(t) ' ATy PA-aP P {c(t)]m,
h(t) P 0 | [ ()
(11)
1438 (6) U5 NIEREAR SR TR, A

l?(t) T B ATH 0] [?(t)] <0. (12
h(t) 0 I h@
iEFH S- i FEAN Schur 451 HE, A

ATP 4 PA—aP P HT

{ } <0 (13)

P -7 0
H 0 —AI
H:5=1/82r=14%

ETIE’—FIE’EAI—OJA’:

Hrp
An_q = A]’I\‘lflefl + Py_1An_1 — aP,
Ay = AL Py + PyAn + K5 B, Py+
PyByKn — aPy.
hﬁawﬁ%ﬁ@?ﬁﬁ
Ay.y 0 Py, 0 ¢ gF ]
0 Ay 0 Py ¢F o
Py 0 =000 00 o g
0 Py 0 -1 0 O
@1 ¢ 0 0 -4 O
| G 0 0 0 0 —AI]
XYWL FEFLL A = diag(], Py, 11T, %
Yy = Pyt My = KnYn, WATE 0 (7) 4558
X (10) A0 F ¢ #5743 5)
V(z(t)) < V(2(0))e™. (15)
HHE**YA?EE’JT%% GIE:|

Zw le

(R PR Pa(t) >

&3>

M-

«
I
—

Amin(P)ZF () Ryei (t) = M2t (H)Re(t),  (16)

s
Il
_

M-



1970 1= #1 5 S R %30 &
V(#(0))e = e g:ch(O)P-i"»(O) _ [ C?NA?NAI?NA 0 Gy1En_1nHy O
i=1 ' Gy En-1Hn-1 O G’N—lEN—l,NHN 0 y
N GNEnxn_1Hy_1 O 0 0
P N 1/2 1/2 o -
’ t;xT(O)Ri RETH0) < | GNEnNn-1HN-1 O 0 0
N e o [ Xna(t)
e ;)\max(ﬂ)xi (0)Ri#:(0) < Agcre®™.  (17) e )
H2 (8)« (15) ~ (17) 451 2T (1) Rix(t) < co, Yt € [0,T) TN (1)
BT | en(t)
T AR By M1 om0y PR QD SR RBRPA:
LI, R4 B AR AT E B 2V R BRIl A Ya e N, %45 2(t) = An-1 P 2(t) + h(t,5(1), E) =
FAE AT O BRI TR &4 SR e . O 0 Ay
3 E T A4 EOCR R [R] SR AZ(t) + h(t. 2(t), B). (23)
31 ETRETWMB LT BEMARGRE At
ERE R GE (1), BRI Sy 2(t) = [Xy_1 (1), en_1 (1), 2 (1), en (D],
jz(t) = Aii‘i(t) + Bzuz(t) + Li(Cixi(t)— A\N—l =
CiZ;(t)), A1+ By 1Ky —Bn 1Ky
wi(t) = K;7(t), #(0) = 0, (18) 0 AN-1 = Ly-1Cn—s
Hi=1,2,--- ,N -1 Ay — AN +BnKy —ByKn
& eilt) = 2i(t) — &:(t), WA 0 Ay = LyCy |
da(t) = h(t,(t), E) =
(A; + B;K;)x;(t) — B;K;e;(t) + Giv; (¢), (19) GN-1En_1Hn-1 0 Gy_1Ex_1nHy O
éi(t) = (Ai — LiCi)ei(t) + Givi(t), (0) = 0. (20) On-1By-1Hy-1 0 GyaBn-ivHy 0] o
H5 N — 1T RYGS AL RN GrEnN-18y-1 0 0 0
)?N,l(t) GNEnnN-1HNn-1 O 0 0
[ Ena(t) 32 FEHR
— — — — — — E g ﬁ e Y Y E % Al
Anes t BB + Gt Br s Fins ) EIE2 ET?EEIFJ:%ﬁZa 7y J_EE%E‘K%YM
~ = Qna~ FEFE On F1 Ny, A3 01 HEREANSE KA
Gy-1En_1Hy_1 - -
— — = AN—1 ~0 ~0 Qn-1
. —BN7_1KN—_1 [XNl(t)] ' 1) 0 Ani An2 O
An—1—Ln_1Cn—y en—1(t) 0 Avs Ana O
JJH)\% NANFRGE, HREKOR R AN KRG On.1 0 0o 7
Xn-1(?) 0 I o o
E{V—l(t) — 0 0 Qna O
%N(t) & @Yni O 0
L éN(t) L q_3 0 0 0
[ An_1+ Byn_1Kn_1 ) _BN—}RN—f 0O 0 ar 7y 1
0 An_1—Ln_1Cn_1 I 0 Yma o
0 0 0 Qva 0 0
i 0 0 0 0 0 o
_ — <0, 24)
0 0 Xn-1(t) -1 0 0 0
0 0 enal) |, 0 -I 0 0
Ay + ByKyNn —ByKy JZTN(t) 0 0 —~1 0
0 AN - LNCN éN(t) 0 0 0 7’)/1




1971

511 39 B F — R R K R RN 5B TR ] & A X IR
e1( + As) < Agere ™7, (25) o [Ava00
M R 45 (23) F2e 5 HOA WIS TP SR IR 2 O, Sl AQ+QA=1 0 Aw Anwz |
0 Aysz Ana

UYL I 25 18 20 B
Ky = OnYyi, Ly = QyiNa.

M

No1=AN QN 1+ Qn_

A1 =

1AN_1 — aQn_1,

RS

YN1AN + ANYn1 + Y1 Oy + Oy Yt — a¥,
Ans = —ByKn, Any = —K5BY,

Ay = AYQn2 + Qun2Ay — CYNN — NyCy,
Qn-1 = diag(Q11,Q12, - ,Qn-1,1,Qn-12),

)\3 = 1£n1<n {)\mm(QZl)}

=0

)\4 = max {)\max(Qzl)}

1<iKN

As = max {Amax(Qiz)}-
Amin (Qi1)~ Amax (Qi1) M Amax (Qa2) 7379 A Qi1 IR/
RNFFEME AT Qi HIFRKHFALME, HA
QN1 = RJQI/Q@NlR;/l/a
Ong = Rfl/zé R71/2.

UERH AN RS (23), I IKAEE AL

V(E(®) = 2" (1)Qz(1).
o
Qn-1 O
° [ 0 @Nl -
diag(Q11,Q12, -+ ,QNn-1,1,QN-1,2, N1, QN2)-
FH SRR [11] R0
V(2(1) < aV(z(t)), (26)
R 1, B RT (¢, 2(t), B) WA F —IRZIR:
BT (8, 2(8), EYh(t, (1), B) < 6°Z(t)THTHEZ(). (27)
Horb: 0 > 0 N HBE T, H N0 F BB R
(10 g2 0
g_|a 0¢g O :lm g2 0_’
g3 0 0 0 3G 0 0
(430 00 _

G = n 017(]2: [%]7613: % 01-
@1 O q2 1 a3 0
5 H 1 AIE I R AT, 3 (26) B (27) B O RE
e, IFEH S- i FE A Schur #h 5| 2, A
Q4 Qi-0Q G A7
C:2 -7 0

H 0
Hrty=1/2,7=1.F

< 0. (28)

_»)/I

N—1= E]T\f71€2N71 + @Nflszl - a@N—l’
N1 = ALQn1 + QAN + KEBEQa 1+
Qni1BNKN — aQnn,

S]]

An2 = —QniByEn, Ans = ~KyBYQni,
Ans = ANQn2 + QnoAn — ORLEQna—
Qn2LNCn — aQna.
5K (28) AT 5 N
[Ay_1 O 0 Qn-1
0 Ay Axs O
0 Ans Ayg O
Qn-1 0o o0 -1
0 Qv O 0
0 0 C:2N2 0
@ ¢ 0 0
& 0 0 0
o o g ]
Qvi 0 @ o
0 Qns O 0
— 0 0 0 0 < 0.
—I 0 0 0
0 -I 0 0
0 0 —I 0
0 0 0 —~I
A

A = diag(1, Q3. L1, 1,1, 1,T),
Y1 = ijzlly KnYni = P, QnaLy = Ny,

(29)

132 24) BEER. X (26) MO 2 ¢ BT, 152

V(Z(t)) < V(3(0))e.
FH IE 8 2R B o T

V(E(t) = 2T ()QA(t) =
N
Z(x?(t)éufﬂi(t) + el (H)Quei(t)) >
1;1
Z( mm(Qzl) ( )R xZ( )
Amin(Qiz2)e; ( JRiei(t)) > )‘3xT( YR (t),

"(?(0))e“t 21 (0)Qz(0)e =

“23

Qzl% 6?(0)61261‘(0)) <

(30)

(3D



1972 = ) 5 * F ¥ 30 %
. N 1.5
e” Z( mdx(Qll) ( )R xl( )
=1
N (Di2)e T (0) Ries (0)) < T (Ager + Aser). (32) glﬂ
38 (25) (30) ~ (32) BFIZ " (t)RZ (L) < 2, Wt [0, T] o5l
Wi, (R, W 2R SR RN By M 125 0 S,
075y 1IN, 755 L1 A5 {73 7 FF 240 5 S ) 1 7 o ]

P, 1485 R 43 B PR IR TR B P AR e 1. O
4 DiEEH
AT IE I — M B E A % K B R ik ]
ITE. TR R G000 AR EOE A0 S H05 3 0L SCHR (81, B
ANFEINTRAMSHEGE 2T R GAHMA.
41 ETHRERGHHESR
FRIERGEE N T RGNS DL, R AL
Veih 7 i, AT 15 B4 8 25 BE K Ko FI A A2 2
Sl A
K1 =[0.0410 0.0076],
Ky =1[0.1720 —0.0205],
A = 2.1436, Ay = 2.8232.
ZeitSEar K, 2\ (8)5&&. %

Zz
55 my E’Jfﬁﬁﬂﬂéﬂ%ﬁﬂlzﬁﬁr HE 27 W, my <

Ca.

t)R;&i(t), t € [0,1],

04 06 0.8
t/s

0 0.2

1.0

El2 mi T
WA 3N T REMARE RS+, LAy
25, A3 BRI 3 K R A Ao 20N
K3 =[0.1201 —0.0170],
A1 = 0.5908, Ay = 2.1632.
i ISR W ) ﬁiﬁ. 4

Zx
53 my E’Jfﬁﬁﬂﬂ%ﬁﬂ@3ﬁﬁ"ﬁ B3R, me <

Ca.

t)R;&i(t), t € [0,1],

M 2 I 3 AT L, B R Gy g R G AT R
GRSV i

T BRAIE R G 0 R IR RE Tk, R AR 48 1A LI I

t/s
B3 mo BIT

Ei3 H 13280, KI5 B 3 145 31 il 42 38 AR — 5,
b 2% B DL RAERE T AT O v B A B AR E
PE, [F] It 322 B B e PR R,
42 ETHhHREBEMHESR

i E A cp = 5.92, BRIERACLEH T R
RSO, ARAE A SCHIETE D7V, AT A3 Es il 2% 00 &5
WZEIE Ky« Ko Lis Lo Az~ A M1 A5 23 510N

K1 =[0.9000 0.2368],
Ky =[1.2201 —0.1609],

~1.7769 1.0000
L = , Ly =

—7.3488 —7.2659

A3 = 0.6003, Ay = 1.1145, A5 = 2.091 2.
%ﬁﬁTﬂﬁ@@&j

ZZ
5 3 ms E’Hﬁﬁﬁﬂﬂéﬂ%ﬁn@ﬁﬁr HE 4L, ms <

Ca.

), t€0,1],

2.0
1.6
1.2}
0.8
0.4+

0

m;

0 0.2

B4 msBITk
BEINTRGMARR RS H, #%IB A )7k
73 2 25 1) 2% L UL 2% 3 25 FE K\ Ly~ Az~ A AT A 2
AN

K3 =1[0.1035 —0.0058], Ls = l

0.0054
—0.0203

A3 = 0.3338, Ay = 0.7054, \5 = 0.7157.
ZsEalF, A (25) T, A
My = Z Z

53] my E’J%EHH%%WE]SF)T/T HESH I, my <

Ca.

), t €10,1],



11

FEE —RYREMKR R RN SR IR &R X ERAE

1973

m,

0 0.2 0.4 0.6 0.8 1.0
t/s

B5 ma %l

HE 4 A1 S 0L, JR RGO R RS R I
I 171 R 4.

AT I B G R IR E T, H R B 0 IR
Eas 17800, RIS B 5 907 2l 2% 5 K — %, A
BEmE A% 8L BLRE T TR T i R SRR
e, [ e e A
5 4 ®

ASCEERT— 2Ky R AR R G, WAL T H o
R B 1) 45 A % BB o I SO 2 B 1 R o T 2 v 4 )
BLLMI [ 3025 th T 26 TR 25 I SR 1 e sk ™
FEE 45 K K 2R 52 43 A IR T 1) 5 S R R 2 TR 780 4
AR 0 B v %07 I SR AR LM A B
153 42 41 55 R0 0L 25 28 25 K5 Koy A0 Loy {7 055 R 2%
B T TR VR A 07 TR O R S
RS 5 B b A, BLAE(RAIE R G SR e 1k, 7T
1N R G AE LY 75 (K BB LA,

2 ik (References)

[1] Dorato P. Short time stability in linear time-varying
systems[C]. Proc of the IRE Int Convention Record. New

York: Institute of Radio Engineers, 1961: 83-87.

[2] Amato F, Ariola M, Dorato P. Finite-time control of
linear systems subject to parametric uncertainties and
disturbances[J]. Automatica, 2001, 37(9): 1459-1463.

[3] Amato F, Ariola M, Cosentino C. Finite-time stabilization

via dynamic output feedback[J]. Automatica, 2006, 42(2):

(4]

(3]

(6]

(7]

(8]

(9]

(10]

[11]

337-342.

Du H B, Lin X Z, Li S H. Finite-time stability and
stabilization of swithed linear systems[C]. The 48th IEEE
Conf on Decision and Control and 28th Chinese Control
Conf. Shanghai, 2009: 1938-1943.

Zhang X H, Feng G, Sun Y H. Finite-time stabilization by
state feedback control for a class of time-varying nonlinear
systems[J]. Automatica, 2012, 48(3): 499-504.

Zha W T, Zhai J Y, Fei S M, et al. Finite-time stabilization
for a class of stochastic nonlinear systems via output
feedback[J]. ISA Transactions, 2014, 53(3): 709-716.
FeBE, SRE L. — IRV T RS A PRI ()
TRV ). P PSR, 2012, 27(3): 419-424.

(Yan Z G, Zhang G S. Finite-time filtering for a class
of nonlinear stochastic uncertain systems[J]. Control and
Decision, 2012, 27(3): 419-424.)

A 8. T LMI B R R B R 26 M 5 4 1) 70 B PR ()
BUE(D). #2515 K, 2010, 25(5): 763-768.

(Fu Q. Decentralized finite-time stabilization of large-scale
interconnected linear systems based on LMI[J]. Control
and Decision, 2012, 25(5): 763-768.)

Zoghlami N, Beji L, Mlayeh R, et al. Finite-time
stabilization of interconnected nonlinear systems[C]. IEEE
Int Conf on Control Applications Part of IEEE Multi-Conf
on Systems and Control. Hyderabad, 2013: 1188-1193.
Tan X L, Ikeda M. Decentralized stabilization for
expanding construction of large-scale systems[J]. IEEE
Trans on Automatic Control, 1990, 35(6): 644-651.
S8 A BRI TR A E P 23 B 5 4 ) BT T D). HF
B AR KA HI RN 5 TR B, 2008.

(Xin D Y. Research on finite-time stability analysis and
control design[D]. Ji’nan: College of Control Science and

Engineering, Shandong University, 2008.)

(AL H: FREEE)



