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Abstract: The problem of H-infinity robust control for a class of time-delay systems with nonlinear uncertainties is ad-
dressed through hybrid state feedback strategy . Suppose that there exist finite candidate controllers in a given set of controllers,
and none of the individual controllers makes the systems stabilizable with H-infinity-norm bound. When the gain matrices of con-
trollers are known, based on single Lyapunov function technique and convex combination condition, a switching law under which
the systems are stable with H-infinity-norm bound is constructed. When the gain matrices are unknown, by employing the multi-
ple Lyapunov function technique, another sufficient condition for the problem is derived, and the state feedback controllers and
the switching law are also designed.
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2 RZHIHEIA B 5|38 (System description and
lemma)

BT ARL R E BT i RS

#(t) = Ax(t) + Afi(x(2),2) + Ayx(t = d) +
Af(x(t = d),t) + Biw(t) + Byu(e),
z2(t) = Cx(t),
x(t) = $(¢), t € [~ d,0].
(1)
Ho: x € 7" ARE,u € R™ HIEHEA,w € R?
HET L[0,0) BB A,z € R RHEEHH;
A,A4, By, B, Ml C AEBEELMERYE A EEE
B Af1, O BB E S4B JE LM 1 L2 v iR B
Ml d HETEE RGP R - d,0] LAYESE AR K
B ERRALEQ) WMREEIRE B ¢ € C[- d,0].

RALT R (7] AR an T AR BB

Bi& FLXMEAFERE AN WAL BAWT
B
Af(x(t),1) = E;8(x(t),t), 2)
A(x(t = d) 1) = E(x(t - d),t).
He: E, B, HEREEBER,O,(-, -) ARMIEL
PEESE A S R B B, W R A R A
lf(?f(x(t),t)ns I wfx(t)” , Vx € R, Vi €R.

(3)
XH: w HEEWMMAHERE, | -] £ Euclidean
AL

EX1 HEuw=0FMRELN).LE 7 >0,
SRR (3) BIER Af FIAS, IR )Y w(t) =
0B, RGEEHIEREN; b) EEWHRFMSF (1) =
0,6 €[-d,0] F,Hlz()l, < vlwle)l, BT, B
BEARY L35, WHRES() (v = 0) BAEEE
H.. tE6E. '

EX 2 XMFREQ), MREFEE—ANDLICILL
HERERRERIE (1) = La(r), FRREKE(DH
AR RGERAERE H R, WAL (D) TSRS
R H BEHE .

XER[7TIAHR TREE(D)RRER R H &1
HER— T &0,

SI31 AF v > 0, MREE—DHEES L
MARE A, > 0, {13 Riccati A

(A+B,L)"P+P(A+B,L)+ PB,B™P+C'C, < 0

(4)

FTEIEEX R P, H

B, = [y 'B, ¥B], B, = [E;, E, A;],

. C V2w

¢, - [a;lcs]’ C, = [ [f],
MASK (DRI ZRE R Ho B BT
3 EBAIIR HFnE E 4R (Problem formula-

tion and main results)

TR, A CHEEBAEHE u(e) BT
kAR B ) 2%

{ u(e) = Lix(s),

u)(t) = Lyx(e), =, (t) = Lyx(t)
Z BN A e Ly, L, A2 E A 4
ERAR MM H SIS 25 . B S BT IR 2R S
R F g e
u(t) =Lix(t), Ve€[0,0), XH i ai(x(-)).

(6)
HMAL(DMBARERM v = L« MREIA
WEGH
%(t) = Ax(t) + A[(x(2), 1) + A (t - d) +
Afr(x(t = d),t) + Biw(t),
z(1) = Cx(¢),
x(t) = (1), t € [- d,0].

(5)

(7)

He A, = A+ ByL,i € K=11,2,,k}. B8R, &
Bi(T) BAR R T E B I R S

FERG(T) AN TES | YIRS &
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Zt{xo;(lo,lo),(ll,ll),,(Lj,lj),‘,LjeK,_]G./\” L(x) = L,ﬂu% x(t)éf)l (12)

(8) U Y R4 (7) BT EF2 € ¥ . B Lyapunov

Hrr: oo AFIIRBTZ, xo AVIERE, N BREAHK
.Yy <t < g 0L UBRAE) WS i FRA
ANEBHRUTEE: £ RAEREH TG
BAal R BRIE T, SWETHRE . [0, + ») -
11,2, kt, RS (7) B G # Ho HERE. 50K
HHYREPMRIT T E.

1 BRAERHSESG)T, B RS REEH
SHARERSZ(DH, 8E8FE B MEEXIMEEN
T, Al B R S LAY

B AE 1 5 Lyapunov PREUT B .

FZRRERBER SRS RS N E S
% .4 T, ay o (A1 Aoy Ay) FRORFRIAERERE A,
Ay, Ay MG WIS LRI

Ta . ay, (A] Ay, AL) =

%ZaA ta; € [0,1], Ea,-l

£ 1 HE Y >0, ﬁu%ﬁi—z%ﬁﬁéﬁ A€
Ta a."',ak(Al’AZ’ ’Ak),XTﬁlEﬂiﬁM‘:- P&Iﬁé

172

MIFRE A, > 0, WHEAER

AP + PA + PBB'P + CTC, < 0, (9)
W—EFFEE i:[0, + ©) > {1,2,,k}, f#
ARA(T)BAEH HMERE.

iE WA A€ ral'az"".a,r(Al’A2,'“,Ak),ﬁ)fu
F1E ar,ay,ya; € (0,1),2&5 = 1,818 A =

Zw%%ZﬁAﬁ@LMHVAOGRMKM
4

ZaxT(ATP + PA; + PBB™P + C"C,)x < 0.
(10)
é\ o .
0, =1x|x"(ATP + PA, + PBBTP +
C"CHx <0, i € K. (11)
B (10) /T4 B" \ U.Q

mﬁ%n Q] = Q] Qz = QZ\QI “’ﬁk =
2\ UQAE%W Q B FAERH
LJEKMi< i, HO )0

MRECH V(x,t) = 2 Px + Af‘zjl_deQxdr,ﬁfF PN
Q MIEEMFREE, PIRENEN(9), QFE. Hw =
OH¢9

V(x,t) =

xT(ATP + PA, + %Q)x +
S
é\f(x,l)

af(x(z—d),z)}—;sz(z—d)Qx(t—d).
#(t—d) /

2xTPB,

FIAA %K
2xTPEl8f(x,l) <
22" PE, 0 (x(t — d), 1) <
A}xTPEzEzTPx + /\f_sz(t - d)w}wfx(l -d),
2xTPA;x(t - d) <
AGxTPAATPx + A7 (¢ - d)x(t ~ d),
HWQ = wiw, + I >0, A%
Vix,t) <
x"(ATP + PA; + A3PBBIP + A7%CTC,)x. (13)
W U4 3 ) 4 R0 (1) A YD e B AR F (12) AT 4,
V< OXMHRERG) MIEE A AL UK d= 08
FOL, B B8 Lyapunov PRELH R AT 1, 240 (7) Wik
fREM.
THIEHEZTWH AN T, gfEmd 2 R

2l < 7hwly. S AIASBES J = [~ (72 -

Vw w)de EEPHFMT, HEBETH w €
LZ[O,OO), ﬁ

J < J:[sz - YW w 4+ V(x,0)]de. (14)
B3 A HAHEEIEF w € L,[0, o),
V(x,t) <x"(ATP + PA; + A3PBBIP +
AFCIC)x + 25" PBw.
BEXRARX () F, FHERALRER 24"PBw <
v 2x"PB BT Px + Y*w"w, A1%

J < ZJ" T(ATP + PA; + PBB™P + CTC,)xd:.

JEN l
B Y143 A 4 Rl (1) A e B a9 H(12) a4 J <
0, BiXt v w € L,[0, o) FIHER(3) WHEE A, F1
AL UK d =0,Fzl, < vl wl, Bor.

AfxTPE ETPx + Afx wfwfx
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E2 WMBEAHWEEAE A, AL REMER, B
ofi = B D (Dwpx = Ed{x,0),80 = E D (Duyx =
B8 (x,0), > (1) D0(1) < 1. RIR W R &M (3), B 4
B/R&AM EERE | NEREREBE N

BitHi% 2 £ Lyapunov RREU 5.

RS R IRER ZS R AR MELT,
{81 F% Lyapunov FREUH itV i:[0, + ) —
{1,2,---, kt, RIBHA BERIZENRIT AR, BB RS
(1) BB S H tE. '

EIE2 HAE 7 > 0, MRFEFE B = 0(E
Bi<0),i,j€ K, REHHEHEA >0F » > 0,
#45 THE A%

- ATP, - PA + Bi(P; - P) -
P(BB" - 4 B,B)P, - C'C, >0 (15)
FEAEIESEXTRRAE P, A0SR 1 45 4
L =-1/2u"%B]P;, (16)
WL—EFEVIRE i:[0, + ©) = {1,2,-,k},
IS RG(7) B A& Ha THEE.
iE AR RE B = 0. % (16) LA
(15),3% A + B,L; & A;, 718
~A'P,- PA;+B;(P-P,)-PBBP,-CTC, > 0.
(17)
F S-procedure AJ 1 : WK xT(P; - P)x = 0 H » =
0, k4

s"(AIP; + P + PBBP, + CTC)x < 0.(18)

4

0, = {xER"|xT(Pl——Pj)x;O, x = 0},

(19)

B, XTFRXO)WEHMT - NEIMEEN 0,0, F
MITTEx Ak - 1 AEL (P, - P)x = 04
ff, K€ K,j = i.ﬁ?&%grzi = R"\ {0}.

PRI T : i(x) = i, AR 2 (1) € Q,.

2% [ Lyapunov FR%X

Vi(x,t) =

t
xTPx + /\f‘z[ dx(r)T(w}wf+ Dx(z)dr.

Hep P iR (15) MIEEXSFRERE. 24 x(1) €
0, B}, ¥EBX Lyapunov (RECH Vi(x,t), RFT1E
Vi(x,t) =
x"(A[P; + PA; + A3PBBP; + A7%CTC,)x. (20)
R YIREMIRIT A Vi(x,t) < 0.
ERFY (P - P)x =08 x < 08, HR

(20) BRoL. WIEARTIHRET 2] 1, A Vo) (2(4)) <
limV,((x(¢)) 3L, B % Lyapunov R %04% A A

W TR E T, RE(T) BRENERER .

TEEEEM x (1) = OF , S HMEEEFH w €
Lz[O, ©), ﬁ

J = ZJGH(ZTZ -7

CNY L
JENT L

Z(J?“[ 2= yu’ wty, (xTP x)]dt - xTP x|1 1)

jenN i

wlw)dt <

E[” "(AIP, + PA, + PBBIP, + CIC)xdt -

i
JEN l

quHxP-P Yu(ti).

JjEN
IV, (x(1)) < limb,(x(0) URHER ) €
N, H

xT(le)(Pl-j - P,—j+l)x(tj+1) = 0. (21)
FIADIEMRITR J < 0, I TAEEF
w € L[0,0), Bz, < vlwl, Bor.

X3 mEHESED B = 0,R(15) F(16) B R CHR
(7] AR RIS . B, VIS SH B E eS8 « MRER T
YL, ALHAT OB X R —FOE LAEE .

4 M2 BRI B < 0, bk
AR i = arg minl <%,

£S5 Y g wEMERS, X Q7)Ao T 5

IMls:
[A,TPi + PA; + Bi(P, - P) + CJC, PiBS] 0. (22)
B, -
4 {FEBIF (Example)
EERALG(), ENSBNT .

“2 1 0.1
e S VRS
1 -4 0.2

Bl=[gJ,Bz=[l 9.

-0 1. - [1 o] (23)
sinx ()

% = [smx;(z)] P E [(1) (1)]

WRGE (DA BRFEARES R H 2%
-9 -1

u = Lix = X,
- ['; _f] (24)
u2=L2x_[-1 _7]x
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I

A™P + PA + PBB'P + CTC, < O

¥AL N LMIs:

ATP+PA+CTC+A7CC,

B'P
BIP
Rfg &

[0. 1442 0

0

PB, PB,
-AF1 0
0 -7

0.3044]’

y = 0.2567, A; = 2.3939.
HRHE E 2 1 AOTERA , AT AR i 48 A U B dg o

2
2,

K3).

x| - 2.0938x3+ 3.2154x3 < 0O},
1x]1.36702% - 4.0898x3 < 0}.

HE 4 iR . ASEN, TREHE o, BRERS
o ERANREARE R 50(23) (W L il 2) B R FFITE
FHEE w M ou, RIYIREIE VEE XA R (R

X1 X

X

1

0.5 1
t/s

Bl 1 RE()EEME o THRERN LR
Fig. 1 State response of the system (23) under u,

0.5 1
t/s

B2 RE(3)EEHE v, THREMAHZ
Fig.2 State response of the system (23) under u,

135 1 2

t/s

Bl 3 RE(B)TERAAE RS T PR R £

Fig. 3 State response of the system (23) under hybrid controller

5

X

B 4 RAE RSV
Fig. 4 Switching region of hybrid controller

#5118 (Conclusion)
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