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Abstract In this paper, we deal with the stochastic stability of uncertain hybrid linear
systems with Markovian jumping parameters and time delay. Under the assumption of
mismatched boundedness of system’s uncertainties, sufficient conditions that guarantee as-
ymptotic stability with probability 1 of the system are given, then a parameter adaptive
estimation and robust adaptive control law are proposed for unknown upper bounds on the
norm of uncertainties that guarantee the asymptotic stability with probability 1 for matched
uncertain hybrid systems. The results show that this adaptive control method is useful for
uncertain hybrid linear systems with time-delay.
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ANH R TR MR Wi AR G AR 1 i B B FE o A5 4. JRAE MRy LR DURL 2 1 TR
FERTERT T R SN E TR L F R E AL I T R R MR 1 #nE R 2 iy
R B B P B TR
2 [AEH it

RYHARTS T R

{ &(t) = [Ar(re) + DAL ()] (t) + [A2(re) + AAa(r)]a(t — 7) + [B(re) + AB(ry)]u(t)

1
x(s) = f(s), se€[-71,0] M)

Hr 2(t) e R* ZRRAKPRTZHR, u(t) € R BRAMBMNZHE, f(s) & R — R" HET[HE]
EZERE. e B XEARRSEN S ={1,2,---, N} LRIEZRE Markov 22, HAR
. o WijA—FO(A), 7175]
p{’l"tJrA—.ﬂ’l"t—’L}—{1+ﬂ_iiA+0(A)7 iz (2)
H
lim o(A)/A=0, A>0, m;= —;m—j, (mij > 0,j#1)i,j €S
j#i

VIR RIE m = ¢ BEZIRIHERE M (ry =14) R M.

XFEE—4 r €S, Ai(ry) € R™", As(ry) € R™™, B(r) € R™™ J& & F1HYH $UH .
AA(ry) € R™™™, AAs(ry) € R™"™, AB(ry) € R™™ &0 R AT & W B, Fi 2

[AAL ()| < Ealre),  [|AA2(re)l] < ka(re), [AB(ro)|| < ks(re) (3)

HA N R 2785, ki(re), ka(re), ks(re) ¥ 0IESEEL.

3 FARVCHCAH & B Vo R B A C R IR & AR I 28 50 6 1 1 1

TESCHR [5,6] S& T4 A Wiener MR Hy R LR MEREHL R4 Lasalle £ ¥ 5 B AY 24 1,
HATH o4 —FRA Markov BHERSHHIR G R AT AR ER E .
FEIE 3.1. BIEIR GRS

x(t) = h(x(t), z(t — 7),u(t), re, t)

RAFAE Lyapunov BREL V(x(t), re,t) Fl Koo BREL an(+), o () U0 2544 B 5L

1) V(0,7¢,8) = 0

2) MAERRZ] re A0 T 5« BESHA, Viz,dit) RELSR, FEX « Mt B — R MW 4
KA

3) ar([lz () < V(@(t), 74, 1) < a2(068[1_1p01 [zt +0)]) (4)

4) WV (x(t), re,t) < —W(a(t)) (5)
Hefr W():R" — RTU{0} 2 «(t) HIELLAEREL. M TAER 20 € R"([lzoll < 00) A,

P{Jim W((t)) = 0} = 1 ()
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WEBA. 1 @ (t) BREAS SR BOW B ) ¢ J2 DABER 1 S Al AR on (l=(8)[]), W(x(t))
JEFA] ¢ B SE R R (LR 1), XHMER s > 0 8 SO0 B B ]

Ts = inf{t > 0: ||z(t)|| > s}

H1 Markov 655 /N T X A4 V(x(t), re,t) BN X, vV R, LB HF X, VR 2
RGRE o MBI v 89 o- B FIUH EBAETRAT R, 2 s — oo BRILIMER 1 FH 75 — oo
H

P{ sup ar([Jz(t)]]) < oo} =1 (7)

0<t<oo

Bt = min{r,, t} > 0, f1—f [to A, HIRF] (4) XBIRRNA

Elan ([Je(ts)[)] < az( sup ||$ ) E{/ W (x(r))dr} (8)

oe[—7,0

A aq(||z]]) /& Koo BEC BPLL (8) R A A, [T ER] W(x(t)) At a L&
ZEREL. A s — 00, t — o0, FiE ] Fatou & FENIEH

B[ W(aln)ir) < aof s =) )

T LB 1 TSI R
/ W (z(r))dr < oo (10a)
lim V(e (1), e, OFFAEFATRE (10)

t—oo

M aa([|2(6)]]) f& x(t) WEELEAR I TLIT KB, Brihm (7) XTI —EFFE— P IER L > 0
%

z(t) € B={x(t) € B" : [[z(t)|| < h} (11)
W AR MR 1 P E—T 20, ERELT=ERAX (7)., KL 00). X A1) Mz, T

UE IR 25 ] B
lim W (z(t)) = 0 (12)

t—o0

BIAT. R IR A 56 2 2801 SOk [6] A 22 2.1 BIEHT, X B R, O
B38 3.1° . X TAEEAEWHE « > 0, B =,y € R FE 445 4ERE D, F, S,
WER TR N—%EH

2(zTDFSy) < e Y aTDDTz) + e(yTSTSy)

EH 3.2, X T TR & RYERH RS (1), WRAFTE IR A Q RIESER p1i, p2i, psi >
0(p2il —Q < 0), A B — MBS K; 8T 51 S A 5 2 an

N, kuXi ke YT OE

3

kuXi  pui 0 0 0
ko; 0 P2i 0 0 <0 (13)
Y 0 0 ps O

50 0 0 -y

2
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Hr

N; = XZ-AE- + A X, + B)Y; + YZ-TBlT + m X + A2iRiA2Ti + (p1i + p3ik§i)lﬂ

S=maXi o VTigaXi VTigaXi o VInXs Xi], Ri = (Q — pai D)7t
vi =diag| Xy -+ Xii1 X1 - Xy Ry, Yi= Pi_le', X; = Pi_l

H ME— B 1E 8 X PR R X, Xo, -, Xy, FSHIER w(t) = K(r)ax(t) 8 RG UK 1 ¥
FasE.
JIEBH. B Lyapunov BG%{HK

t

V(x(t),re,t) = zT (£)P(ry)z(t) —|—/ ¥ (s)Qx(s)ds

t—T

MITE t B2 ry A TF56 @ BESHA

N
WV(:E(t), 1, t) = :ET(t)[(Ali + AAli)TPi + P(A; + AAq) + Z mi; Py + P(B; + ABi)Ki‘f'
j=1
CL‘T(t)Pi(AQi + AAzi).’L'(t —7)+ .’L‘T(t —7) (A2 + AAgi)TPi,'E(f)-i-
KY(B; + AB) " Px(t) + 2 (1)Qux(t) — 2T (t — 7)Qu(t — 7)

AU G 3.1 X b= 5 A8 2 TR B ] 4%

) M; P;Ag; (1)
TV (2(t),i,t) < [T (t) 2Tt -7 [ }[
o0 <m0 -0 a0l el
Hr
M; =AT,Pi + P Ay + KB Pi+ Pi(p1iL + py; k3 1 + paik;I1,) Pi+
N
PBiK; + py KL + 03 KUK+ Q+ ) mi Py
i=1
M E R 3.1 A
M; P; Ay }
<0 14
ALP; —(Q — paul) 14
NZRF VMR 1 #Hrfe g iy, Bl Schur T pol —Q < 0 HI, #RAE (14) B2 M2 770
M; + Pi A (Q — paily) A3 P < 0 (15)
[FFEFI ] Schur EH AT AIMBRAE F ¥ (13) LA
N
ALPi+ PiAy + ) mii P+ PBiK; + KBl P, + p3, K K + PD; P, + pi;' k1,1 + Q < 0 (16)
j=1

H¥ D, = (priln + pg‘ilkiln + p3ikdiIn) + A2i(Q — po )AL i =1,2,- - N, \NTHiAH
M; — paily + PiA2(Q — paily,) P AL P < —poily,

2 (13) BT AN A R TR A5 R PR i R 4 (1) R DMER 1 #nE g . O
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4 DCESSAF T AN R R YO R AR R N Y £ S AR

% R UCEL AR T AN E S R LA R AR 5 R MR R4, BIAF1E R 18 4 45
HIRLEE E(x(t), o(t — 1), ult), ) MEREE (1) 7 HIAHE & TR0 2 VL RC 2% 1F

AA;(ry)z(t) + AAs(ry)x(t — 7) + AB(ry)u(t) = BE(x(t), z(t — 1), u(t), rt) (17)

HEBFEERMREE Qi P R(R> 1), T3 N MG EMAL (i =1,2,---,N)

N
ALP + PAy — PB;BI P+ mjPj+ R+ Qi+ P Ay(R—1)'A3,P, =0 (18)

j=1
& 3./ (17) AFTH HERATERWESRE S w(t) WRELRE KA, N—EF
IE(@(t), 2(t — 1), u(t), )| < k1 + kallz(t)]] + k3]t — 7)]] (19)
HoAr by ko, ks > 1 ARANIEEL.
KR H 8 NAG TR
/;1(15) = [|B (re) P(re)z(t)]| (20)
Ez(t) = [|BY (re) P(re)x(&)|||l2(8)]| (21)
ka(t) = | BT (re) P(re)x(t)]? (22)
K2z Ky, ko F K3, HRE A & R A
U= Uy + Uz + U3 + Uy (23)

H ul(rt)iz —0.5BT(r))P(r)x(t), us(ry) = —Elsigri[BT(rt)P(rt)x(t)],
uz(re) = —kal|x(t)||sign[BT (re) P(re)a(t)], ua(re) = —ks B (1) P(re)ax(t)
(EHE N RFFlmEE, W sign(N) Bmax N B— N0 8RKEF5BE8UE T A g5 m ).
EIE 4.1. X TAH SR SRR RS (1), AE TR LT ki, ko, ks RAET,
AR ER R (20) | (21) | (22) F B &R (23) X FTRAEIX RS VIR 1 ¥k
TE.
EBH. B X 21 (t) = ki (t) — Ky, 22(t) = ka(t) — ko, 23(t) = kao(t) — k2
B Lyapunov KA

V(x(t), z1(t), 22(t), 23(t), ¢, t) = 2T (£) P(r)2(t) + le(t)zl (t)+

2y (1) 29(t) + 23 (t)23(t) + /ti 2T (s)Ra(s)ds

MITE t B2 e 20 T56 0 BESHA

N
wV; <aT ()AL P + Pidyi + R+ mij Pila(t) — 2" (t — r)Ra(t — ) + 20" PBjut
j=1
2[(ky — k1)l + (hy — ko)ko + (ks — k2)ks] + 2T () AL Pt — )+
et (t — 7)Pi Az (t) + 2|l (8) P, Bil|[kr + kel ()] + ksl (t — 7)]I] (24)
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HEEEBES 0 A LRA
T
e JO T[N 1] 0]
) o

.I(t—T PZAgl —(R—I) t—T)
N
HA N = ATP, + PA;+ R+ > _m;Pj — P,B;B] P, il Schur EHLHI (18) XA 1%
j=1

PV < —2T () Qi (t)
MNT B e B Lyapunov 58 0 2 /& BE 3.1 Y20, AN 2 302 VEFE 25 1 T Y TR & 28
PRI RS (1) 76 H BRI (23) /R T RUMBR 1 #ir e . O
5 PiESA
ZEEm (1) XY RS LR RS, H

B 2 cos(s)
f(s) = {—sin(s) - 6cos2(s)} » s€lr 0

T =[r1 I2]T ER* ueRA B AHMRE rnesS= {1,2}, Xt A

~184 10 60.57 9.59 5 1
H [—9.67 —101.5}’ 2 [9.63 39.78}’ 2 =42=0 5 L 1]
1 1 40 2 11 T12 —40 40 80 0
B == = H = = =
2 [1 1}’ R [1 5}’ [m m] {100 —100]’ @ [o 40]

200 10

Q2 = [ 0 s } L Fa(t),x(t —7),7,t) = B(ry) [ sinzy + 21 (t = 7) }

0.5 cos(2z2) + x2(t — 7)

iR s = |0 1| r= |2 D] - 1B e T

w(0) = [0 0], k11(0) = 0.1, k12(0) = 0.1, k21(0) = 0.5, koa(0) = 1, k31(0) =1, k32(0) = 1
KA 4.1 A HIE BT (20)~(22) Rl SRms (23), 05 45 R e 1 el 2 Brs.

P ECLE R FW] A 1 12 ] R (23) X T BA KR A MHILEATHERS RAF R
i .
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Fig. 1 Responses of system state variables Fig. 2 Control inputs v = [u1 s’
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