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Reliable H, control for discrete-time delayed fuzzy systems via
scaled small gain theorem

WANG Shen-quan, FENG Jian!, JIANG Yu-lian

(College of Information Science and Engineering, Northeastern University, Shenyang Liaoning 110819, China)

Abstract: The reliable Ho, control is investigated for discrete-time T-S (Takagi-Sugeno) fuzzy systems with time-
varying delay and actuator faults based on input-output approach. A realistic discrete-time homogeneous Markov chain is
used to represent the stochastic behavior of actuator faults. First, the discrete-time delayed T-S fuzzy system is transformed
to the form of interconnected two subsystems by a new model transformation. Furthermore, the scaled small gain theo-
rem is employed to analyze the stochastic stability of interconnected subsystems. By constructing a parameter-dependent
Lyapunov function, we established sufficient conditions for achieving input-output mean-square stability with Ho, per-
formances. Meanwhile, the reliable Ho, fuzzy controller design method is also presented. Two numerical examples are
provided to demonstrate the effectiveness of the proposed approach.
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BT ARG E M S B RSP — R AR 2 2

WIS, a0 E B RE 57k, I gkt

7 SRR VR Jensen AN A X VAR OIS i JLAE

K, i N o T EEAIE B B RS e PR A R R

A E P RE A RO R, LA TBAR: w526, AU —

TR ABURS B R G0 A LI (R P S 1~ B 8 Gl RN i

TR~ RGN I A IR A5 R 4. A8, A

B /N1 25 (scaled small gain, SSG)iE PSR A1IE &

GRRE PR TR 5. Bl JLAF, — S8 STk i A —Hi

WO E AT T — 5 a1 A As e

Fri8-1010 ki A vt UL SR, £1 X T-SHELRI RS H%

FEAT F W LA BEALVRE I 1 SCRRIE AN 22 L, R i) i

IR i N\~ o 7 VEAIE T A o 1) SRR e oA AR

1A,

LT LAy, AR SCER S — 2871 A7 AR B i AT

AT 7 R (1) 28 U T-S R R 42, *Uﬁﬁ?ﬁﬂ\ Ry o,

WU T T SEROR H o #2511 i) 8. 7 4, A —Iisi i

U7, A AT e e 1) B S POk 3R S e ik

NI RS SLIk, B N 7 A U

T ARG IMBEN R e P, b iE S5 T Ly apunov

PR, 25 HH T IR 2 e di N —Har HH Y T RS 1 R Ak

P8R, FE TR, Wil TR EEH A A,

P B RIGUE T Fr IR A k.

FRvE  AEASCH, R R™X R RnndE /K L Lk 28

[ FIm X nffISERERE; Gy o Gy KRN TG, 5 G, th

B, R 5 TR RA AN REEAT 5 B « R FE T (1)

YRR P> 0(= 0)R R A FEPE — AN I @Gk IE

SE)HEFE; colZR A ) i diag{- - - } AR — AN B,

E{ }FREH N 150, 00) AV 5 rT R 341 23],

2 Fi£& %R (Preliminaries)

2.1 a8 3&R (Problem formulation)
RGN BN T-S O R4t
BT SR 4
IF 6, (k) is m;; and 65(k) is n;2 and - - -

is 7,5, THEN

z(k+1)=

Ajz(k) + Apxe(k — 7(k)) + Buw(k)+

Duu(k), (1)

z(k) = Cix(k) + Byyw(k) + Doju(k),

x(k) = o(k), k=—1o,—T2+1,---,0,

Hrpiie Q={1,2,--- v}, r ABH A ELG 0,

(5 =1,2,- , p) ABIEES 0; (k) BRI T He 4% &

O(k)=(01(k),02(k), - -, 0, (k) ta(k) MR EG 2 (k)

ER"PREDE; u(k) € R ¥ HIH N & w(k)

€ RUMAMBTHHIE T15[0, +00); 2(k) € REAUTT

and 0, (k)

v | dT

T d(k) ARG VIR ZS; 7 (k) g I A2 i i H
Wi 2l <7 <7(k) < 795 Ay Ariy Briy Dy, Cy, By
FH Doy 3l 4 AE I A
ROTIERGA, i

A(k) = Z hi(0(k))Ai, As (k)

By (k)= hi(0(k)) By, Da(k)
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C(k) = X ha(0(R)Cs, Balh)
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D2(k‘) = ;h (e(k))D%,
o by (0(k)) RSB0 5 JE R e 25 HL A2
hi(0(k)) = wi(0 (k))/Zwiw(k)),wi(@(k)):

10,089,

X Hn;;(0;(k))20;(k )Eﬁi*@i%nmﬂﬂﬁﬁiﬁﬁ
HERAW NER: w;(0(k)) >0, gwl( (k)) > 0. 1]

LLE S hy(B(k)) > 06 = 1,2, ,r) H erlhi(ﬁ(k))
=1.
I AT S ISCH 75 5, 5 R B T- S
()T
z(k+1)=
Ak)z (k) + A (K)x(k — 7(k))+
By (k)w(k) + Dy (k)u(k),
z2(k)=C(k)x(k)+ By(k)w(k)+ Dy (k)u(k).
AT RO, T (k) R AT 38 0%
MRS 258 BT A8 iR g
u” (k) = avgoyu(k), 3)
s (i)} HO <

2

Hoa,uy = diag{ai,), a2r@m), -
Qirry S Qir(k) S Qiry < 1, 0=1,2,---,m. Z
r()yNVAMRESL = {1,2, - PR EBER EEE /K
AR, H LA HNEZR AR R o e

P{r(k+1) =vlr(k) = w} = 7, 4)
!
Hp:0< 1, < LV, v e LK 7 = 1.

v=1
ER @, o, e 35 i M IT B E Bt
RS T AV, 0, = Guw = O, 1
BT (4) 20 8 M B E oo IS F 5
9@& W0 < @, < i < 1, R EIAT RHES
A BB R4 KA. Moy, = i = LI, 375
%4\&@%@3;%4\&@@*?amﬂﬁﬂim B
Tk, X
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%3
rdw _
. (67 +a1w QQ +a2w « +dmw
d lw w . mw
lag{ 9 ) 9 3 y 92 }a
Gy =
. dlw _Qlw @Qw _QQW Ozrnw _Qmw
lag{ 9 ) 9 ) 9 2 }
&)
1 b3, AT PR B RN I
Oy = dw"—Aw — dw+diag{51w7 62w> e 75mw}a
(6)

Ofélw_aiw .
;H\:EF“(S“W’ < %7 v = 1a27"' , .

va S N ok = e L1 ) e R M N N P e
IR KBRS PIT A B A BE AT A TR IR,
I A A L 2 AL r(K) = oo RIS TR A
o MRS, 2l = 1N ATE RS 1D, A%
JE PR eSS AR gt P LR A O SRR [12-13] 7 g g BB K]
Uk, SCHR [12-13] 7P R ORI U A A S 2 R AR A
FHBITIL.

HRHE F4 70 A sUAMEE(PDC) Jy 25 BT =) Bl Bop 42
i, JLRLI A

FEFIRR R -

IF 0, (k) is m;; and 02(k) is 1,2 and - - - and 6, (k)
is M;p, THEN

U(k) = - r(k)ix(k)a (7)
s K gr € R JARA R4, (k) Mo
R I, WS RS i o A
u(k) = =K, (k)z(k), 8)
WP Ky (k) = 2 hi(O(R)) Ky i
B R u(k) Huf (B, [ % & (3)
F(8), A RGEPPRETTFER] LA N
z(k+1)=
A _
5. JABRR) + ARk =)
By (k)w(k),
2(k) = C(k)z(k) + Ba(k)w(k),
e Ak) = A(k) — Dy (k) Koy (), C(k) =
C(k) — Da(k) o, ) Ky ().
2.2y A\ 77 (Input—output approach)
Z g B BT RS
Si 1 y(k) =Gu(k), 10)
Sy 1 v(k) =Ty(k),
Horp: S, 2O AT RS H A A
Mo (k)RS By ()R G, KBS, & AR H AR I
BARGHIHETWET e D2 {T :|T || <1} 1F

SAbR /NI 25 B ) B AR, KA DU 5 [ R E
X, HET T R0 BN R E PESR AT

518 L(BEN RSN e B R ET RS
(10) IS & W EaE, BT AT e D, H4EArdk
FSHEREU, W2 U 0 Go U HaX U o T o U s
< 1, MIPAIRREIRE 7 245 (10) S84 N~ H ) 5 R 1.

EX 1 NTRAEO), AL BEVIHESEM o(k) T,
Pw(k) = O, # L

B i DT (R)e(k)6(0)} < oo, (A1)

M ARG B LA E 1.
EN 2 FAFEy > 0, e
ly(F)[|e2 = [[Gv(k)||g2 < Yllv(k)[E2,  (12)
W (k) 2y (k) -7 GR N4 7 F80E 1.
3 FEZEW(Main results)
AT, BN P AR e, W RS (9) e
W BAA BT R G0 RTER. AR5 il bR A
NS G EBE, 3 H RS AT R Y TR E M. B
Ja BRSSO SR L 32 28
RGO, 7(k) kRGN AZ v, v LA 1R
RGINAE . BRI 22 H s 2 I A
PR R R GE rh SR I R, Ak HA P BT R
FGAOIE, Hh S LN ARG, TS
[RIANF E V.
N T AT T (k) NRRZE UK, ¥ (k—
z(k —7(k))
Salk =)+ 2k =) + 2o(k), (13)
Hr (172)(x(k — 1) + 2(k — 1) Ax(k — 7(k)) M)
AL, (712/2)1)(1{7)?'31‘%?&&1%%%, Tig = To — 1. R
#(13), RFEOH'EH

z(k+1)=
AR)a(h) + GAR)fa(k — 1) + ok — )] +
SEA (k) (k) + Bu(kyw(k). (14)

E Xy, (k) = 2(k 4+ 1) — x(k), H13) a7 LUE2]
2
v(k) = 7{w(k —7(k)) —
12

Sk~ m) + ok — 7)) =

1 k—7(k)—1 ) k—71—1 A
— X w@- X w@=
T12  i=k—1y i=k—7(k)

1 k—11—1 ) )

—[ X e@)y.(d)], (15)
T12 i=k—1o

)
|
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a1 i<k—T(k) -1, T= 5 (k) Nyo(k) — v (k)N (k) +
(p(z):{—lz'>k:—7(k)—1 o
‘ ’ 7 2 (k)z(k) — @ (k)d(k)) < 0, (20)
i} M”(kﬁ””(@Egﬁ%%ﬁi%ﬂf%ﬁ ISR TR0 R A~ 7R FLRIE Floo PRy,
T, yu(k) = v(k) = - 3% w(i)ye(i)]. (16) EHE1 By > O ERAr, . A 17 1R

T12 i=k—my
I 2 HTT, g, (k) —o(k)L| T, ||<1.
iE A HJensen A 555X, [A] i 25 & =X (16) 1 11 57
VT, (MG T, AR

I o(h) =
= 503 O 3 elimli)] <
2 Sl 3 P O] =

1 171

— > Yy i+ yi+j) <

T12 j=—15 i=0

— 2 2y (@) =l yu(k) 13 - (17)

RAERAT), AIFR|| 7, o< 1. HEEE
JEXw(k) = yw(k). R LRI, REL9)AT
( xz(k+1)
S| ow(k) |=
z(k)
T12

v 2 A()

, %AT(k)
v, 0

v By(k)

v By (k) X
v~ By (k)

g
col{z(k),z(k—m1),
Sy 1 v(k) = Ty (k),

x(k_TQ)v U(k)a ’LZJ(]{?)},

(18)
Horr:

U, = [A(k)

vy = [A(K) T JA(R) SA-(b)],

2
Wy = [C(k) 0 0].

SIE 3 RES 7 NA8) T A N AR E I, X 1
T,, WA RHPBEU = diag{ N, I} > O/

[UoGoU s <1, (19)
U AR L JBE 2R 5 (18) S A —ti H R (1, LT HL,

PEREY.
2 EHIERGA8) T, SIH3h K7 s 4 AF T L

TR SAF. AR RS TE R (18) /& W AR E 1, HATAEHFEN =
NTN, Wi

FEPoi >0, Q1 >0, Q2>0, Z, >0, Zy>0FIN >0,
MR M € £, o € Q, Wi/t N4
07 <0,i€Q, (21)
O +07 <0,1<i<j< (22)
MRS (18) 2 N R 1, ,H\EP:

ijt Jit

- Fl *
@ZL:
! I _dlag{ WL7Z1 7Z2 7N 1-[}

F Fll <217Z27O70>

1 = )
x —diag{Q1 + Z1, Qs + Zo, N, 7?1}

FQ =

~ 1 1
F21 2AT’L 2AT %Aﬂ' Bli
T1 [f21 - I] 7; ATZ 7; An 7—17—12 ATl TlBlz
7—2[1:121 - I] 7;1477, ’;2147'1 7_27—12 A'rz TQBlz ’
- 1 1
F21 -1 A‘rz A’T E1472 Bli
5 2 2 7 2
155 0 0 0 By,

I'n= =P, + Q1+ Qs — Z1 — Zs,
le = Az - Dliawij7
fzs =C; — DQiawij)

= Y Tau P

UE JEPEUTT Lyapunov pR %Y

V(k) =

S0 Py (R)ah) + 3= S oM@ () +

li __Z_l % 7y (1) Zuyo (), (23)

o Py (k) = Zh( (B))Prryi- & X E[AV(E)]
=E[V(z(k+1), k—i—l r(k+1)|z(k),r(k) = w) —

V(z(k), k,@)]. WH R % A8) ML, MEE N w
e L,

E[AV (k)] =

T (k 4+ 1) Py(k 4+ Da(k + 1) —

2t (k) Po(k)z(k) + 27 (k)(Q1 + Q2)z(k) —

xT(kz 71)Q1x(k — 1) —

2Tk — 1) Qox(k — ) —
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S a0z S @)z
g, e AT e Tl 1) 2t T, = [A(k) %AT(k) %AT(k:)],
Yl (k) (T2 2, + Tizzwv(k), (24) | |
e To=[A(R) T SA(k) A(K),
SO Poll 1) = & m itk +1). 1, = [C(k) — DK (k) 0 0]
FIHJensen 55 iﬁ QIEGE: A(k) = A(k) — Dy (k)K(k),
k—1 r
—,_sz 1Y, (1) 21y, (1) < K (k) = 3 ha(0(R)) K.
Tr TEPEUT FIIL PRIEL:
( z(k) ) ( 7y 7y >< x(k) >7 25) yapunov pf|
x(k—m1) * —7Zy J\ x(k—m) V(k) =
1 2 k-1
N ) 2y 0) < S RPERHR) + L S aT(0)Qua() +
i=k—T1o =li=k—7,

T

(x(k:—@)) ( * —Z2><:1:(k‘—7'2) ) (26)
W] B5F, 2% R 1k BE Fi b bR B0(20), fEF WG 4514 T,
(23)—(26), ATLAZRAG

Ty < E[Y (27 (k)= (k)

k=0

— P (kpw(k) +

Yy (k)Nyu(k)—0" (k) No(k)+AV (k)] <
]i (k) A(K)C(K), @)
Hrp:
Ak) =T+ ATP_(k+ 1)A, + AL (727, +
T2222 + N)AQ + Ag‘Ag,
Ay = CAGR), A-(R), 5 A-(8), 2 A.(k), Bu(k)):
AQ = Al - (In 0n><(3n+q)>7

A3 = (C(k),0,0,0, By(k)),
C(k) = col{z(k),z(k — 1), x(k — 12),v(k), w(k)}.
FIH Schurhs | BE, ] LATS3

A(k) =

Zlh(k‘Jrl)[Ehz( (k)OF, +

—1

S5 ha(0(k)h;(0(k))(OF, + 6%,)]. (28)

i=1 j=i+1
P, X FATE w(k) € 1[0, 00), 155 J,, < 0. fi#
I3, KRG8 AN REnr. IEE.
A P T AR, BT (k) € L, an
= [ Ik, REEA8) ] LB N

a(k+1) h %AT(M B ()
St v = 1 224,k Bk [CR),
2(k) 2
T3 0 By (k)
82: 'U(k) = ijv(k)v

(29)

Z Z Z 1Yy (3) 21y (5)- (30)
=1li=—7; j=k+1
CIRYSGE NNl bE a7
R 1 4Ey > OMIERE T, n, BT A

FEP, >0, Q1 >0, Q2 >0, Z; >0, Zy > 0FIN >
0, R € Q, Wil NIHKIZAT:
I1I;, <0,i€ Q, 31
I, +1;, <0,1<i<j<r, (32)
W ZR G (29) A2 i A\~ HH A8 5 RSE 1Y, e

= (4 g
9T\ —diag{P,Z7Y, Z; N1 1} )

,Q _ 911 (Z17Z27070)
! x —diag{Q: + Z1,Qa + Zy, N,»2I} |
\QQ -

1 1
Ai - DlzK AT’L A'r EAT’L Bli
2 2 2
N GAL A, SR ALTBy
7-2‘(22 & ATZ & AT' T27—12 ATZ 7-2-811 ’
2 2
~ 1 1 T12
2 A, -A —A., By
2 92 Ti 2 Ti 2 Ti 1%
2 I*PiJrQlJer*Zl*sz

QQZAZ‘—DHKJ'—I.

HER 1T MR 2 5t e 433, 7EUEIE I I R s
HE 3 G HE— B BRAR S g R AR S, T LR S
R (7182 IR 2 A 71, IEFRU N Lyapunov B %L :

Vi(k) = Z Vi(k), (33)
Vi(k) = T() Pa(k),
k—1 k—1
Vak)= > YY)+ X 2T(i)Qaa(d)
i=k—d i=k—To
—dm —
V= 3 S 2T()Qsal)
Jj=—T2i=k+j
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_ k—
Vih) = 5 S a2+ Fo=n —In Oux(omevnn):
J=—di=k4j 1 1
—dm—1 k=1 Fo= (N(k) OUX(m—l)n 5/\@(1{7) 5'/\/7'(]{:)

S X (r2—dm)yy (i) 22y (i),

j=—T2 i=k+j

Hor:
Y@ =[z"6) =" (i—-d) - &' (- (m—1)d)]",
71 = dm.

PR, 5 B8 — A AN E ML T-S ORI IR &

z(k+1)= (Ak) + AA(k))x(k) + (A, (k) +
AA (k))x(k —7(k)), (34)
Hp
(AA(K) AA-(k)=M(k)Z(k)(N (k) N-(k)),
(35)

X (k) by R G AR R B RR KR W2 2T (k) X (k) <1,
M(k) € R, N (k), N, (k) € RV Jy LA AL
T PER S5 K. B 1171 1) 18, K Lyapunov
PRIA(33), FRAF I T HER.

W 2 A IFEEd, m, o, 7 = dm, FALAESE
FEP >0, O, >0, @, >0, Qs >0, Z, >0, Z, >
0, X1 > 0, Xy > OF1 [ B BRI 2 W1 AN 2

ESoR
N
<* _22) <0, (36)
WARZL(34) AR R E R, Mo
F s

FIPF 1+ Fdiag{Q1, —Qi}F 2+ F 3 (Qs —
Pt (ra—dm—+1)Q3)F 35— F 1 (Qa+ Q3)F 4 +
Fs(d?Z1+(ra—dm)’ Za+X0)F 5—F § QsF 6 —
F;FX1F7—FgZ1F8+F9TX2F9—F1T0X2F10+
(Omtsyntoyxmn ¥ =Y O(m+3)nto)x(ntv)) +
Omtsyntoyxmn ¥ =Y Omismtv)xni) s

1
Fl - (A(k) Onx(mfl)n 7-/47'(]{)
1 T12

2

2

= ( I Omnx3n4v) ) ,

Omnxn Lmn Omnx (2n4v)
F3=In Onx(mt2)nto))s
Fa=(Onxm+nn In Onx(ntv)),
Fs=F1—"Fs3,
F6=(Onxmn In Onx(antv))s
F7=(0nxm+2yn In Onxo),

TEN(R) Ou),
F10= Omxmizyn Lv)-
SV 2T LA I s B R SR [6] 11 R A E W e
ARG,

R FEL, 3R T RGNtk 807 R
(078 58 2 k. 16T Sk, DD B0, DALMY T 3t it
GIE A MEC TS i

EH 2 5Ey > ORIEREr, m, B AEAEAE
BEPL; >0, Q1 >0, Q>0, Z,>0, Zy>0, N >0,
X, Yo R M, > 0, MAEE Mlw e L, € Q,
AL T I

rwioox * )
s yEox | <0,i€Q, 37)
roi Yo yw
rEiNE % %
Y 4 X5 2X% o« *

T > S e
DY)l Y5y 0 Xg
1<i<y <,
MRS (18) &R AN R e 1y, Horp:
= 7, Z 0 0
x —Q1 — 7, 0 0 0
DI I * —Qs— 75 0 0 ,
* * * -N 0
* * * x —2

rot = diag{P., — X - XV, Z, - X — X",
Zy—X—X"N-X-X" -1},
5 =
1 1 T12
@1 7A‘riX 7A7'iX 7AT7,X Bli
2 2 2

T1T12

T T
71D, ElAn'X ElA‘riX TAM'X 1B

T2Ti2

T T
TP, EQAH-X EzAn'X ?An‘X ToBy;

T12

1 1
b, -ALX ALX FALX By
2 2 2
D 0 0 0 Bs;
re = diag{—M_, — M},
00000
sz —
31 (Ym 00 0>’
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E=—Poit+Qi+Q:— 2, — 2,
&, = A, X — D16 Yo,
Dy = (A — )X — D16y Ve,
b3 = C; X — Dy0, Y,
FAR AT SRS 2 N Ky = Yoo X1
UE g SCHRE
H =diag{X", X", X", X" I,I,I,I,1,I},
/Q\‘\
pwi = XTPwiXa Ql = XTQlX»
QQ = XTQ2X7 Zl = XTZlX7
Z,=X"7,X, N=XTNX, Yo, = K. X.
KRG, R QDA e e A Fe LLHATHT, W= (21)

EN N

Fl * < 0
F2 *diag{P;LlaZflaZglaN_l’I} ’
(39)

= Fll (ZDZQ;OvO)
1 — — — — Z _ 9
* —diag{Q, + Z1,Qa + Zy, N,7*I}

Hrp:

FQ ==
— 1 1 T12
F21 7ATZ‘X 7AT'X 7ATZX Bli
2 2 " 2
7'11;22 %ATiX %AnX %An‘)ﬁ 71 By
75159 %Am‘X %AnX %ATiX7 T By |
_ 1 1
Ln JAGX JAX PAX By

Dy 0 0 0 By
Iy =—Poi+ Q14 Qo — Zy — Zs,
Iy = A X — Dyjo, Ve,
Iy = A X — Dyja, Yy, — X,
Iy = CiX — Dya, Yo,
Y371, Py, > 0, BT LU R AN R lor
(Por — X) P (Pay — X) 20,
TGRS E
~X"PZIX < Po, — (X + XT).
)i % [ 20(6), A Schurkhs [HE, o] DIAF 3¢ #2.
R,
4  F{HHEH](Numerical examples)
AT AN RIS AR S T R A R
1R FH i Nt 7 R B s o e R BIE T AN S
SR TSTHER [10]. BI2F5A T A ST AT FERCHI H . 721

BT AP
Bl HIEHERIERAGY), o RABHES
ST

08 0 —0.1 0
A= ( 0 0.9) » Ar = (—0.1 —0.1) ’
Mz(@wNﬂumM:m%
2(k) = B(k)18,
Heb |B(k)| < B, BRI (k)X (k) < 1.

XA 77T LUK & RGEGHB LNy = 111
el SEFITE I B(K)| < B K E IR AT, <
7(k) < 7o, EHWERRAK LR B, MRLE G4 2EE
e e e 1. 242 < 7(k) < 7, I SCHk 1014 1
SE B2 E 231, AT LA 3RS e K B AB5 B N
0.1938F10.2046. #X ifi, K H A& SCHE 182, Mm = 21
m =4, 1 LASRIG 5ok B S 3430 490.1947F10.4288.
TEASTF RS i R B R, 2 g5 S n] LR 143 3. A
R UVRI B BIA L R HA ORI

k1 BRRTAKS

Table 1 Calculated maximum allowable 3

Jiik 5<7(k)<10 8<7(k)<15
SCHR [10] 5 #E2(i1) 0.1514 0.1032
SCHR 101 #E2(1) 0.1590 0.1149
HER2(m = 2) 0.1562 0.1089
HEL2(m = 4) 0.2024 0.1421

B2 IS REHUN I T-SE R 4, IFMi %
BRI (r = 2), ARRY AR GUHI 2500 T

A, = 0.8 0 A, = 1 0 ’
0.056 0.8 0.08 0.8

A= 0.01 0 A= 0.012 0.01 7
0.01 0.012 0 0.01

0.05 0
B == B =
11 < 0 > ) 12 <005> )

BQl - 017 B22 - 017
Cy =[0.05 0], Cy = [0.1 0.05],

1 0 1 0
_D - _D =
" (0 0.5)’ 12 (0.1 0.5)’

Dy, =10.1 0.1], Dyp = [0.1 0].
PR, B RS PATE R AR I DL, g T 3 A
I REFRI SRR
1) EFEE: o = a1 =1
2) AT E T RS 0.6 < agp < 0.8, 0.7
< age < 0.9;
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3) PUTERIERRBIEL: a3 = s = 0. 40 ; ; : .
WRHE(S), 152 351 i
R 1 0 B 0 0 30F |
a1:<0 1>’a1:<0 0)’ 32.5- |
< 20
Gy = &

<0.7 0 ) (0.1 0 ) s
y g = ) =~
0 0.8 0 0.1 10 |
) (0 o) ) (0 0) 05} -
Q3 = , O3 = . 0.0 | | ! I
00 00 0 20 40 60 80 100

AR AR R R k
02 02 06 K1 BEALS RS- (k)
0.1 06 03]. Fig. 1 Random jump mode r (k)
03 04 03 e
WS B2 B, ISR R R R by o0 il _
A I R RASERE. 2 my = 1 Flmy = 7, [ o
FH € B12, AT LAAG 2R UE R Ge b LA I it Ho 45 0001 4 S
i = 0.2. HIRH B 2 5 ST T o :
o (—0.1516 0.0014 ) | 004 oy
0.1266  —0.2998 ooel! w |

1
0 10 20 30 40 50 60 70 80 90 100

0.0492  0.0105
0.1624 —0.3088

K12 (
~0.2008  0.0012 k
K : 2wl AT (k
“ ( 0.1461 0.3528) B2 A F (k)
K22 (

Fig. 2 Control input u (k)
0.0597  0.0166 ) s

0.1485 —0.3412
0.10

0.05

—0.3778  0.0030
0.2498  —0.5986

0.00

S
Ky — 0.1236  0.0258 | B o
0.3168 —0.6115 o0
L, KR A ST T e T IR A S U A S o5
RIS Eo(R) = (—0.2,0.1)T. KBEZRECH 00
oo ] 20 40 60 80 100
(s () = 00, '
ha(@s (k) = 1 —|—sin2(:v1(k)). ] 3 PR RGMRA R
ig. 3 State responses of the closed-loop system
IRHE N . . < 5 %5 (Conclusion)
<k<
 0sks2, SO T — St A B LT 25
w(k) =1{ -1, 30 <k <40, F) 3 TS HSHA 2R 45 AT S HL, b1 8. S FET i A~
0,  Hfth. H O ERIE LIRS AR I, ok BT R E
i e BB — B3, RS kA AN IS S EUH T Lyapunov bR KL, 25 1 T 136
(k). BV A ()RR W R (k)4 B2 —3  REUH A 37 802 Fal 2 Hoo VERE) 72 70 45 1F
s, A ELGE RIGAE T A SOt AT SEH It gs MOTREH M et Ik, 7 18 R RAIE T Prde
Rk

OS] JIHEATRNE.
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