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Resilient Controller Design for a Class of Large-Scale
Delay Systems: Adaptive Approach
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Abstract This paper considers the resilient controller design for a class of large-scale
delay systems with adaptive approach. The controller perturbation is norm-bounded.
When the upper bound is unknown, a sufficient condition of uniformly ultimately bound
for the system i1s proposed. And by adaptive approach, the controller design can be
tuned on-line. Furthermore, as a special case, namely the upper bound 1s known, a suf-
ficient condition for the stabilization of the system and the controller design are derived.
Finally, a numerical example illustrates the effectiveness and the availability for the de-

S1E1,

Key words Large-scale delay systems, decentralized stabilization, resilient controller,

adaptive control

D BRERBFEEIMH (60174010) % B
Supported by National Natural Science Foundation of P. R. China(60174010)

W HH 2003-05-22 WENMER 2003-11-15
Received May 22, 2003; in revised form November 15, 2003




472 H o] % ¥ i 30 &

H T RERK RGN 0B R A TR, 8 T 55 BUSE B 2 ) S8 00 BT KA 6]
BRBIR—EZBANTZER . mXROIIR T —REEATHE XK RGN 5 H
BEREERFNOBT, CM2IR T —REBRRAGENEEEN, CRB A THER
BALEAR T —RNBERREN T BHERE AT, XERAFHXMAERT REERA
SHARER NERNBRITHOARERNIBRELSTER. TR LERSES —ERHER
LR, ZLARNRERAZX R :DATHEIBFE/BHBREERA BN F
KAERYE, HHFHRBRXAZE —EWRG, A, EERHTPREZREFEETHLE
BERETRRNDEXFEHT BT HEBEEATRHBRERHARENITA
BXRCMUEERBNRELAPTFAIIFABSH NERITIFRRAENEERBRHETH
e RES BET, BRIRIER BB R EME M RR. Bl M EH SN RITEIET —&
FENEE . BR.AANERREBRRELHBHERREISHO N, DMEARTE
ACRXWAHER TRAN. MELRFMTUATSRY . B FAREEFENEIE, HEW
HEERRFB, LA, AXFRE TR EH S, EWEREEEXRKE/N. B, &30RA
T BENMER AN ERBERZ R, BEE TR, X TX 5 mNBIRERE BE.

BT LMINMBBENHESSRITTE TR T — KA E X BKR# KRS 52 8 E (5]
A AREERENEA FEERARNFGN, AHTEMSHNRITFR BENBRIFER
REAFRENFEELRCHX—FFAT,AH T RETHE NI &40 MM DL H 25
HIBT T R BUEE AR T 8H A R AT 174

2 %ﬁfﬁ &Eﬁi%’%ﬂb\

R TR KRS .
N
X% ()= Ax;(t)+ Bau, (1)+ D) Ayx; (t— ;)
S.: < i=1 (1)
X ()=@:(t), t€ [to—Tosto]y i=1,2,+,N

P x(OERu, () ER™FHRE M FREMREMNER WA LA, BRE M TER
KR EHBEHNFEERE, HRR{(A, BIRTZLTEN. A RS N TRESE N F
RYGEHIRIRI > : () 7 2E SR (Y 1) B4 B 0B B, =, b SR IR0 P A B U5 it JB. UL %H 48 8 B 4 (D)
BT — 70 B A 452 1 % -

u,(¢)= (K, +AK)x; () (2)
FERANRRSE

z.(¢)= [A;+ B, (K. + AK,) Jx, (z)—l—ZA:c(z—r ) (3)

ERAARBREN. HP K, € R™ Eﬁﬁlﬂ&k}iﬁﬁfﬁﬂﬁiﬁﬁ,m & R™>"  J&) BB 2 il 7% 1
M AFH LW TEARIELR.



3 KT F5F . —REHRRE R 2B AR BT . BEN T & 473
D A RELFRHA

|AK << By Vi (4)
_-E'CEFI ﬁ;‘ Jgﬂiiﬂﬁﬁﬁa ” . "ﬁ,ﬂ_i' Euclidean ?ﬁﬁa’%\ 6: — (B: )2 uﬁﬁg 61'* %*%ﬂ%ﬁﬁ
2) WARELEREH

[AK.|< B+ Vi (5)
AH | * | FAR Euclidean JE %K.

3 FEGZR

Case 1. CHEREB LR XA
HBEATH M EENHREE R €cRVAEEIEH e b, TR LMI A%

-

_ N
ATP,+PA, + D R E
pog <0 (6)

! = 92
BWAFELEEXNFR®E P, c R K Q=diag[—R, -+ —Ry —[(1/26,)—(1/e) 1 1],
E:[PfAll PiA:'N Pfo:l- Eﬁ!%%%%(S)%ﬁﬁlﬂﬁ%ﬁ%

K, —— (1/e; +0.56,)B/ P, (7)
b 0, R H R 07 MR, ELV R IR o 1 1E 9 B E R
6, =— A puf, + A | BIP x| (8)

;EQI:F A-,,>O ;#I.:ag' ” X ; ”2 "_'blg n B,TPI.II' ”220 9(15;0 "}bj>0.
46, (0)=0,(t)—6; AT LABEI I FiRE R %

6, —— Ap (0,467 )+ A | BIPz|° (9)
FREUWTEH.
EB 1. MEAKXRRGEQOOMIRERZRZE (DOFHEBRZARLW,WHARRE GO HREERS

(Q)Eﬁﬁjﬁ@ﬁﬁﬁﬁﬁﬂﬂ‘%ﬁ(-Ima)(tafg axa(tn)aia,(to))%_‘ﬁﬁﬁ'%-
WEAR. W& Lyapunov pREL.

N N ; N
Viz, (t),0.)= >, (I:'TP:'I;' + ZJ z; (s)R;z; (s)ds—l-@?/(ZfL))
1 j=1v 177,

—_—

Fth P.>0 B LMI AER )W EH (2.0 (OEFRAFREZEC)OMIELERG (DT 1=
to B AR , WX Lyapunov pREUCK F 1%

N N
V(i 0)<— D) A DU+ 2987 +e/a ]|z, ) (10)
i =1 =1

R, U={x, x,({—7) ‘- IN(t_T:'N):lT

— N
ATP,+P,A;.+ DR, + (1/26; —1/¢))P.B.BIP; E,
II =— j=1 >0

=h i




474 A & & ¥ # 30 %

1 = diag[—- R, - _RN:I! =y = [P:'An P:'Am]
M B Schur #+5[# . Lyapunov # € € B M (6) (10) °] 1, 7E & Hl 2 1 22 FF E R B i, Xt 4
B 1=t ﬁ%x%mﬁ(xugi)(htn 915(30)9§£(t0))%ﬁ%_‘ﬁﬁﬁﬂg- ik Be,

E 1L BHRAOTUE B YEESH A, ave, b TERERS o (OFREI, (1)K

BB EBAE , LR T LS 8 S B a6 08 D 0. 5, [0 +er/a, | |2 [P RAT B

MNMERRAGEREFAREN.
Case 2. BHBEREBELRCEH
B N—EHERYE . NMEHEEAELRCHTUEBEREERBE LA RAHE —H

R, AT ,6.=0,0,=07 = (87 ) =B FRAEMTHR®

it 1. MRFHEEENMFRERE X, BB Y. fMIEE e, F18 T R8or.
XA +AX, — (Bi +1/e)B,Bf ¥
- Pt I-
Hp P:diag[ﬂl —V _'(1/5;518?)115 r=[A, - Ay W, X: |, Xi=P ', V=
diag[Rfl Rﬁl:l! W:':J:Xf X:-Lﬂﬂfﬂ%%%(:%)%ﬁ}ﬁiﬂ%ﬁ%%.

"

< 0 (11)

UERH. HEM 1 RIEB R B WS 1, 8.

4 PUHT R

FRIMTFRAEATEKRRS:

r—2 3 7 C— 17 0.0 0,17 0.2 0.2° 1 0°
A= y By = y A= y A= ’ R, =

L—4 —5d L 3 -0.4 0. 34 L0.1 0.44 L0 1.

[—3 2 7 K 0.1 0 T - 0.2 0.47 F0.0 0 7
A, = y By= s L1p1 — s /122 — s INp —

L—]1 —3d _ 1 4 L 0 0,14 L—0.1 0,34 L 0 0.5

HH A, =0.092, 1,=0.53, a,=a,=0.001, b,=1, 6,=0.5,MFH RN BB NES
b

K, ——[0.6003 4+ 46, |[2.5576 29.02847, K, —— (13651 L6, 7r0. 1368 5.3256]

2 2

i,

6, =—0.092[0.001 (2% + z% )— || 2. 557621, + 29. 0284z, |2 16, +
0.092]12. 55762, + 29. 0284z, |

iy

0, =—0.53[0.001(x2 + z%)— 0. 5]0. 136825 + 5. 32562, |2 16, +
0.93 “O. 1368511'31 + O, 3256.3:22 HZ

BWEEHRr 0]7=[1 1 1 1 0.5 0.5], B4 4|8 5@ BUEEY 1 12 A
RBEHLIL 3 , ) B AR 7S il 48 R A B L R N 1 BT R




3 M KB FF: — RN RREN D BRER G SR A

1.0p—

475

) 5 t[/s] 0 5 1 /s] % 5 1l/s]
K1 FREMRSHEET B ELNENT{h 2

Fig. 1 State response of subsystem and adaptive law trace
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