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Output Feedback Model Predictive Control for Interval Type-2 T-S
Fuzzy Networked Control Systems

TANG Xiao-Ming ? DENG Lit2 YU Ji-Min'»2 QU Hong-Chun 2

Abstract For non-linear networked control systems with bounded disturbances, this paper presents an output feedback
predictive control approach with one free control move. Firstly, an interval type-2 T-S fuzzy model is employed to describe
the non-linear plant which is subject to parameter uncertainties, and a Markov chain is introduced to characterize the
process of stochastic packet loss of the system, thus a mathematical model of non-linear networked control system with
packet loss is established. Then, a method of describing the stability for a networked control system with bounded
disturbances is obtained by using the technique of quadratic boundedness. With the help of the provided method, the
linear matrix inequality conditions of the state observer are given. Finally, based on the estimated state, an output
feedback predictive control algorithm is developed which parameterizes the infinite horizon control moves into one free
control move and a linear feedback law. The main feature of this paper is that an essential formula for on-line refreshing
ellipsoidal bounds of estimation errors is introduced, which meets the requirement of guaranteeing the stability of output
feedback predictive control with input constraints. An example is given to demonstrate the effectiveness of the proposed

method.
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JRAY BRI ST g A TR R, SCHEk (5]
HPANFEBS AL A (Linear matrix
inequality, LMI) $ AR K$EH T —FaEE R IER:
TEPER TS i 2R G 5% MIRDANG, P4l 25 5
FEM A TR ML, HEEHEREE T A
TRA I E5E, @I E Lyapunov %L,
WS Lyapunov R4k, 8078 LAk )8 3
BB A Sy ok R G PR RE,
SCRk [6—8]. Hk, i B R SR s i A w2 R
RLERWOR BRI T B, ek [9—11]. SR,
R SCER R S5 R B TR T A O, BIDIRAS
BRI AT B RGN, RS T R RA
L1 S B N o e w18 B e R S W i 0L S
HApr . Ak, O FE X — R TR
ABFE, HEUS TIRZA B LSS Gk [12] £t
AARBURH e AR AR R %, AT —
T R SR I 2 A 8 e S s s 1 B o S
Pt A 7 YA, SCHR [13] eSOk [12] ryBEat |,
P T —FET “quasi-min-max” (1) HH S 45
Pl AR 32 2 B A T IR AU I 4 A
(R S s il A A A 9% T R I 4% 1 25
OB AR TS S 25 S0k [14—-17].

IR, Mgl RE R LSS, 5 T%
BeRLES . BESLHUE BRI, Cah
R E ST AT — 1822 X W 45 R BE
IFSE, HFE R R an ] B AIG I 28 A R T ik, angk
P B, WS RGP R AR . A, R
FOAPE T &F 7 R MX—MEE, W H
H123-260 Py RGBS T S R S A Scik
[23—24] #RR A S FIFEHL A IS, 45
Bt T HARER R B e Hoo MEREI I s
Hilgs AR SRR ST [25] BT T AR Z AL 1S
DU Hoo ¥EHI1FEL 245 1 T R G A Al
FERIAR T ¥R, SCHR [26] K5 R Se a5 i A R
19, a4 B A B B S — A I B R R
A TR Y, ST Hoo BRERHEH. SCRR [27]
R T VIS B[R] Markov Y RGERE MM X &R,
FRAE T W 26 4556 R SR BEAILFR B . SCHk [28] R
F A0 2 VR IS AE R AL B, 4R T AR M R
SR Ok Sl e OR IR R I = R

T R R B AL R BN SE N . B TR
TR, KT AL PR 25 50 25 0 55 EUE B KRR % i
Ak, AR 22 2 50 I 28 4 il 28 40 1) Tl 42 o] 1) @tk
7725, S T — SR BEE W4T
N2 1) SR 22 SRR T 4 o (R s v O ik, RIAS B4
Tl G M R R b, WscEk [29—-30]. XTI
D ] B 25655 D3 — FLA e P Rl P T 42 il 1)
RGN D, X FP LR TR BAE T R ]

IR G A E, QnsCik [31-32]. SCHk [31] & HA
XUE 8 B 2 AL P 2 P ) R e, B AT )
FEFENL T W 4 3 i) R A A, i o A 3 TG S5 B ek
LIAACAR L, 450 T B R AT AT AT R IE Y
Tz SCHER [32] FESCHR [5] YR L, gl A
HRBFRBEVLE A, HY AR &AL, TERENLAR
GAESLR, 193] T E AW S IREE T 0 T 45 i 25 A
Tk WEZMRIFEE S S0k [33-35]. AR, b
IR SCRR IS 2% IR A W] I 7 00 1 1) ) % ot 42 . 4
FOREARTTI, W SCHK [31-35] Y I VEA T
I Ah, XSS RRER AN R AR RPN S TR R 3¢
Hk [36] SRH T T-S BOMIBIAOR A A AT 0 %5 F R
FA AR M 845 8 R 55, HFIH 43 B Lyapunov
FE VA v, T T REAS CRIIE FI A R G B LA
JE BORIE 3%, (B AR T . SCHk [37] i
BT TFIAEH NETSRBR RO ELE RSN
R VIR, B Rl ) TIRAS AT 1 0. R, XoF
P08 2% P30 4 13X — ()R A 9 I A AR 22 TAE W] DAL
ARISCHFFETHAE TR AR ZetE N 8 45 1 R G0
oy L S 0 s o . R DX ) A T-S BRI
RUBSU FR B SRS E AR 4, R
M RB R A RGN A AR, @ty
AZRA AR, 153 THOIR TR TR 445
il RGEARE PR — O A AU R EE S A
war 1) R kA B S-id e, B4t T
PRASWEI RS 2) 865 I 95 HsdE HAE H S 80 R
—A~ B AR I — A e R s RS 2 T
RIS B, RS0 HE T TR ZEEG W
E Lo T FRMMN AR RALE. P > 0 (> 0)
Fon P @XWRIEE CRIEE) Wk ||x)|p R
VzTPz. T FRAREH, 555 « FoR 0 FRi o
diag{---} FRX A Ly = {zlz" Mz < 1} %
NRTIEEX PR M PIREE. Apin (M) FRHE
M M s/ NEFIEE. By AARKT o BISHHE.

1 [e]REEA
1.1 Xia—2 T-S =g

X[ =8 T-S Bl IF-THEN #EUa] DA
kA

Rule i: IF gy (u(k)) is Hix, go(p(k)) is Hig, - - -,
gs(p(k)) is Hyy, THEN

y(k) = Ciz(k) + Eyw(k) (1)

91 (u(k)), g2(pu(k)), -+, go(pu(k)) ZHI{FAE 5,
Hilai: 1a2a"' , T3 l= 1727"' aﬁ%%ﬂmul E/‘JB:I\ETJ
RO, (k) e R™, u(k) e R™, w(k) € R™
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mi(p(k)) = [m;(p(k)), mi(u(k))]

o m(u(k) =TI, v, (a(u(k) = 0 F
(k) = TI, T (k) > 0 4 512 6
B gi(u(k)) Emﬁa%)%r;, vy, (a(p(k))) € [0,1],
v I | R A= o N 3 - A
H v (@(u(k) < 7 ((u(k), my(u(k) <
m,(u(k)). XIa) A T-S Bk 24 n] fiid

(k+1) = > mi(u(k))[Am (k) +
Bau(k) + Dyw(k)] 2)
y(k) = 32 mi(u(k))[Cia (k) + Eqw(k)]

Hrp

§ (k) + &(u(k)) = 1, mi(p
>imami(pu(k)) = 1. é( (k) 1 &(n
SRR WAL R L.

g 1. BECREARTM, (4, Ci) "0, A
A A lo(k)]” < 1.

DRT] AR 2 560 5 IO LN ik Sy

Rule j: IF di(pu(k)) is Lji, do(pu(k)) is Lja,

' dg(u(k)) is ng, THEN

uq(k) = K; (k)2 (k)
Hopdy (u(k)), do(p(k)), - (u( )) T
&, Lj, j =12, ~TL—12 0 e RN j

DX T R . wa(k) € R™ %?Eﬂiﬂ%%%ﬁ,
z(k) € R™ RV, 25 5 DEORIHLIN A0S 5

Hd, (k) 0 EFRIRE. op (d,(u(k))) € [0,1
o, (d,(u(k))) € [0,1] 4851t b T ¢ 4L
Hoop, (d(u(k)) < or, (d(u(k))), w;(p(k)) <
D, (k). B[] RO 2T 2

wa(k) = 3w, (k) K, ()2 (b
o w; (k) = (wy(u(R)S, (k) + @5(u(k))
Cilu(k)))/ 3051wy (u(k))C (u(k))  + @ (u(k))
G, Tiowi(u(k) = 1. 5 ¢ (uk)),

Cy(uk)) W AF 2k
+C, (k) = 1.

SE 2. MOCHR [39-40] W15, 54 C(u(k)) F
C(pulk)) BN, 4 C(n(k)) 1 C(u(k)) & X
Syl e B BT DAV ) R R, A
SCRH T SCHR [39] 0RO LAY, TR R
[T, 3 o 2 R SR [ 9
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Fig.1 Diagram of networked control systems
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o T DRI, WISLE ki 2V 4 o,
M (k) = wa(k); WIRAE b HE21% A4 50, WRHL
— R A (k) = u(k — 1), B

u(k) = y(kua(k) + (1 —~(k)u(k -1)  (3)

BV RS S A i 1) SRS P 20 A SE il A
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1) =Y m ) Aa(k
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E 3. ARICRM TOCHR [42] B, E i e
(R AERE 177 20RF 24 BTN 20 58 e S O i B A w(Fe)
(el PURIIE RS2

E 4. AR (3) WA, w(k) FoRkE n KiE
SRt EmER A, B y(k) =yk-1) = =
Yk =n+1) =0, 1€ {L Xmax} NKEZE
B, Xmax HEESEFEAL LA, MRHT B4l S A
u(k) =u(k —n).
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1. X TAEERIRIRA, 2 2

&@{X}Hmﬂm}<m

PP 2R GE (4) BEHLERE.

SCHR [43] R ZRE RHER, e T A AT
SN 2 M NS R G A RS PR IR AL A SCRF I
YEAE) ) T XA 2 T-S ROR I 45 5 i R4

EX 2. XA AREFN wk + h), h >0,
A4 (4) XT Lyapunov Zi[E P A H, N
z(k + hlk)Pz(k + hlk) > 1 T 2T (k + h +
1|k)Pz(k + h+ 1|k) < &7 (k + h|k)Pz(k + h|k).

SIE 1180, xtprfr iy w(k + k), h >0,
TR

a) &4t (4) KT Lyapunov 4EFE P KA H

b) #[H £p = {z|z"Pzx < 1} NEZ (4) WIIE
RAR .

2 BERTSYUNFART

T FARAS RN, TR VLI 28 K Ak T AR
GRS

z(k+1) E:ml k) + Bau(k)+
Lp( (k) — Ciz(k))] (5)
Hrpr (k) € R™ 2GRS, L, RWMZEE. &
XAtz e(k) = x(k) —2(k), RIS M RZE TR
e(k+1) Zml A; — L,C)e(k)+
(Dz LyEi)w(k)] (6)

4 B(e(k-+hlk)) = e (k-+h|k)Hoe(k-+h|k), Hy > 0
R Ee(k + h|k)) WE G110 0 R
E(e(k + hlk)) > 1
— Ble(k + h+1]k)) — E(e(k + hlk)) <0 (7)

WIXEF-FE50 K by AT e(k + hlk) € Sa,.

R 1. WRAEAE H > 0, G, = Hol,
Ai €(0,1) WAL
(1 —X)H, * *
0 AT *] > 0,
HOAi - Geci HOD’L - GeEi HO
1=1,2,---,r (8)

W e(k + hlk) WL T Ly, H L, = Hy 'G.

u(k) AL (3) 4

IERR. X TFWAE lwk 4+ R)|? < 1 WAER
w(k + h), X (7) FEHT

E(e(k + hlk)) > w" (k + h)w(k + h)

— E(e(k+h+ 1|k)) — E(e(k + h|k)) <0 (9)
FH S, 4 HANBHFAE ME + hlk) =
>icami(p(k + hlk)) A, 45

E(e(k+ hlk)) — E(e(k+ h+ 1|k))—
Mk + h|k)(E(e(k + hlk))—
w (k+h)w(k + h)) >0 (10)

M= (9) Mo, EXENT

e(k + hk) T{ (1-X)H, 0]
w(k + h) 0 A
demer] [ Loy,
(D L E)T (D; — L,E;)T
€7 (k + hlk) wT(mh)} >0 (11)
Zi, X (11) o7, W R Xaor
0 A |- LE)T

H, [(Ai ~L,C) (D, — LPEZ-)] >0 (12)

¥ Ge = HoL, fRAZ (12) MRS Schur b5 |3,
g (8). O

7 5. EE’H(/UXJLI»UH ( ) ﬂé{ﬁﬁ‘%éﬁ/{j@uﬁj‘,
FH. HhEH 1 A, prikat
WL I A 5 B TR 25 7 AR (6), SR R R4
8, FEAFEOR M w(k) B R,

3 TEZE RIRFUNAE S 75
e —> B R At B4 il

uq(k|k) AR FAINEE IR, HRITEy:

uq(k + hlk) = K&k + hlk), h > 1
X z(k) = [ (k) uT(k—1) T(k)]", 3t (3),
X (5) A=K (6) IR R A AR ASHBIAY:

=D ma(pk))w; (k) x
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Hp s. t.
Ai“")’(k)Bin (1_’7(]‘3)) LpCi [ 1 * % * ok *_
T= ’Y(k)Kj (1 V(k)) 0 I a *  *  x  x
0 0 Ai = LpC; Sfﬁ:(k) 0 el *x * x >0 (18)
& SRR SRR A Rrua(k) 0 0 el
ugk) 0 0 0 T =
J52 (k) =Eugo {lz (kIR + aa(klk)13)+ E(k+1k) 0 0 0 0 W
> B {llz(k + hlk)|F + lw(k + hlEk)[13} 1 e
h=1 I o ok x % %
Hop S = diag{$,0,0} > 0, R > 0 ft%iE Siak) 0 el xS ()
4 B IBUAE M. 5 X% Lyapunov i %4 Riu(k—1) 0 0 el *
H: V(z(k + hlk)) = 27 (k + h|k)Qy w2 (k + k). u(k—1) 0 0 0 T =
HAf Qe = diag{M h)s Ny Qo 5 H. | z(k+1k) 0 0 0 0 W
Mynry > 0, Nyuiry > 0, Qyury > 0, v(hlk) € T 4]
(0,1} 5 v 15 k + h I ZI T ! >0, i,j=1,2,--,r (20)
AEAT AR, BT T 258 b2 1)
I
B {V (2(k + hlk)} > (k) = P“ If >0 (21)
BV (2(k + h+ 1[k)) — V(2(k + hlk))} < S
— Bugo {2k + BRI + stk + BlR)[3), R T T (22)
h>1 (14) Ln8
F4 *
G (k) SR 2P r, 1) =" 23)
A 2 2 = T
kIR, + k] 3+ I 24
By {V(z(k+ 1k} <e(k)  (15) T T
W) 5 5 T SR AR e i S 0 s ) O A T T Fj * >0, i,j=1,2,---,r (25)
*j‘j _F FO.l
i t. (14) ~ (15 16 To. >0
min £ s.t. (14) ~ (15) (16) _fO.s I
%yl\7 %Fg%/\é@ﬂi S = ]-7 » Xmax 1= 1727"' y T (26)
E{llu(k+ hlk)|l2} < timax (F € {1, -+, nu}) Too >0,
(17) _FO.S FO.5+1 o
:17"'7 max_la.:1727"'7 27
FEP U A TE AT, wo(k + RIE) 631 7 X ' ro @)
wlk + hlk) HO5 ¢ 5. aad - F 1 (28)
EIE 2. B M T-S BHRL (2), 6 Y (k) Mai(k)| T B
T SR N AR , ﬁﬂ%@'”g o, g,
XT%%E% M07 NO, Q07 M17 Nl) Q17 ) MOS) ;H\:EP

NO.S: Qois &%E@ Y {%E 77777

_{M()aNOaQO?MlaNlaQDMOs,NOsaQOs}
min e
e,a,uq(k),SW,T,Y; Fl:dlag{(l_ﬁ)Mh(l_’%)Nh( - Qla’k"‘gI}
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(D, 0 L,CQ, L,E T=
Y 00 0 AM,+BY; 0 L,CiQ, L,E;
I'n=1]0 0 Dy D, - L,E; Y; 0 0 0
M. 00 0 0 0 AQ,-L,CiQ, D;—L,E,
Y, 0 0 0 | 0 0 0 0
91 A %1 T BlY AiMO.s 5BzNO s chiao s LpEz
D, = AiQ, — L,CiQ, — 0 SNo.s 0 0
Iy = diag{W, T, paH, ', eS; ", eR™'} Lo, = 0 0 Dy D; — L,E;
r,= diag{W, T, qbozHofl} 0 0 0 0
[ p%W 0 0 | @ = A@O s L C@O s
(1—p):W ?7 0 P g R K (k) = Y (k)Mo (R)~' 53 4h, Aliit
0 p2T 0 TRZE) A L
T, — -
0 (I—-p)2T 0 e"(k+1)Hoe(k +1) < ¢(k +1)
0 0 pigaH, " i
1 ]. 5 k - 0
0 0 (-p)iga ¢<k+1>:{§” A
F6—d1ag{Mo,M1,N07ﬁla@m@ } qg(k‘—i—l)
T, = diag{(1 — k)Mo, (1 — k) No, (1 — £)Qq, kel } N= min{ Bk—1)’ 14 (1= A(k))(o(k) — 1)}
0 No 0 0 (ke — D)%) — 2K, — llu(klk — 1)]3%—
Ls = MO g 4iQy —OLPC?QO D —OLpEi 1E(k + 1k — 1) — lu(klk — 126, (29)
0“ x X X Horp (1) SRR ARG
L 0 . JERA. 1) 24 (15) AL PR FE RFERS
'(1 _ W 0 0 7 Z k, SIS U = diag{W,T,H}, 5%
i Bl —1,1—0M0— 1,0 — 0 (14
ﬁf aOYT 8 y(hlk) =1, 0 4§ 7 (hlk) = 0) PERMLL, H5
J— q 2
Iy = 0 AT 0 E o {Q0m} =pQ0 + (1 —p) <V
0 0 (1— )% paH, By {Qom} = (1= @) + ¢ <V
0 0 oo, Hi R Rt AT
e N I [ Eyqu{V (z(k +1|k))} < 27 (k + 1[k) U2(k + 1[k)
o oo " o 1| k&)

ﬁ1 = diag{ﬁhﬁlaéﬁ
ﬁ0.1 = diag{ﬁo.bﬁo.uam}
ﬁ0.:; - diag{MO.saﬁo.m@Qs}

QO.3+1 *
FO‘S+1 -

0 I

12 (k1K)[5, + lw(klk) 1% + 2k + 185+
[k |k) 17 + le(k + 1) < (k) (30)
] e (k: + 1)Hee(k +1) < ¢(k + 1), #4 H(k) =
i g Hos ALa(k) >0,
12 (k[k) |5, + [lu(klk) 1% + 12(k + 11%)]yw +

1
w(k|k) |70 < (1 - @)8(@
ERAGHER (30) ML REER (3), FEIE
(k) =1 Fl~v(k) =0 PIApiELL.

(31)
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WA (k) = 1, MESREH ), u(k) =ug(k).  diag{ez My, e? Nyt e2 gﬂ]},é%ﬁ%ﬁ7 il
XX (31), ?F'JH% Schur b5, A3 (18), Hr  Schur #h5| B, FFAA 5M0_ My, eNg* = Ny,
W=eW,T=ecT"" Q) = Q,, H(k) = 7¢(k+1 Hy, 7[5 (22). =X
pups ’Y( ) =0, R"Uy:i%@,, w(k) = u(k —1).  (36) 4RI/ diag{W 1, T, H1Y, 47 Fe Kbt 8,
XFak (31), A Schur b5 H, w453 (19). At (23).
2) A (14) WAL RIS R SRR H A 7

(13), AR (14) ST
(Ic){Ez(k+h|k){z ki + h’k)TTQA/(h_H“C T x
2k + hlk)} — 20k + hIB) 3+
By {lz(k + hlk)|I% + [[u(k + hlk)[%} <0
Woh wk + h) W2 |wk + k)|°<1, FFPA

E.{V(2(k + hlk))}>e(k) FMHT Ex0{V (2(k +

hlk))} > e(k)w™ (k + h)w(k + h). FIH S-3F2, K

(14) T

1213, + Nl + el — (A

v(h|k)B;K;)Z 4 (1 — v(h|k))Bu + L,Cie+
LyEw(k + )|, ... — I (hIE) K& + (1-
YRl — (A = LyCi)e + (D~
LyE)w(k + M3, .0 — NN + [1K21%] -
a1 e o 1 o 1 - S
e(k)lw(k +h)[I’] >0 (32)

i e (0, 1)

WA y(k+hlk) = 1, FEHEE AR,

E i Ay haimy = 00 + (1 — p) Q. AR 2

diag{wh (1 - 'V”')Nh (]' - K)Qla KDSI}*
OTUD, > 0 (33)
P+ (1—p)ih <V (34)

M= (32) W[ PARGSE. Hd Wy = (1 — k)M —
Sy — KI'RK;, ®; & ~v(hlk) = 1 i T 9. =K
(33) 4r ATk diag{ez M, s N7 Y ez Q4 I}, 4
TG E, A Schur 4518, A eM ' = My,
eNy' =Ny, eQi' =Q,, H(k) = WHO,T
20 (20). 30 (34) 43514 % diag{W H™'Y,
R E, T (21).

WA y(k+hlk) = 0, FEEHREWKE 2, W
E i {Qytnr1im } = (1 — @) + ¢ W 2

dia'g{W07 (1 - KZ)NO -1, (1 - ’%)Q07 KZEI}_
PyUD, >0 (35)
(1 =) +¢02 <V (36)

)”JJC (32) TE/EL ;H\:':P WO — (1 . H)MO Sl, (bo
= y(hlk) B0 BT BME. K5, B (35) 4B 4Tk

B {V(z(k +h+1]k)) — V(z(k + hlk))} <
— By {ll2(k + hlE)[1E + lu(k + hlk)[[7} =
- Z(k){Hfi'(k + h|k)”?sl+KjTRKj)}
TRA
E,i{V(z(E+h+1]k)) —
— Amin(S1 + K] RK;)Ey

V(z(k+ hlk))} <
wilE(k + hlk)[?}
(37)
HEFAERE ¢ > 1, M (37) MRlM k= 0 8] k =
KA, WA
E,m{V(z(c+h+1c)} —V(2(0) <
— Amin(S1 + K RK;) E, 1 {Z 2(k + hlk)ll2}

k=0

R

zw{E]mk+mmw}_nmwﬁJﬁRK)
(V(z(

V(2(0)) — Eygo{V(2(c+ h+1|c))})
Hp 2 <>Emﬁ JEINEE
FE

Bz {Z 12 (k + h\k)Hz} <

k=0
Amin(S1+ K RK;)V(2(0)) < 0o
MIE X1 ATH, PR RGP E 1.
R (32) Bz, WA
(1 —k)V(2(k + hlk))—
Eoay {V(2(k + h+ 1[k))} > |&(k + hlk)||2, +
[u(k + hlk) |5 — we(k)w(k +h)|*, h>1
(38)
2 h =1}, R (38) 1
By {V(2(k+2[k)} < (1 —rK)V(2(k+ 1]k))—
&k + 1K) |15, — [[u(k 4+ 1K) |7+
re (k) lw(k +1)[* (39)
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AR (15) W, WA

V(z(k + 1]k)) < (k) — (k%) 1%

(40)

I (k[R)II3, —

HRAE (39) A=t (40), A

Eu {V(2(k +2k))} < (1 —r)[e(k)—
12 (kRIS — lu(klE)IR] -
[Z(k + 1[k)%, + l[u(k + 1K) %]+
we(k)Jw(k +1)|1* < e(k)—
(1 = w)([Z(EIR)IE, + luklE)7)] -
[Z(k + 1[k)[5, + llu(k + 1]E)|I7]

EENARIR S
le(k + 2[k)|17q) < e(k)—
(1= R) (|2 (k[F) I3, + lu(klk)]%)]—
2k + k)5, + llu(k +1[k)[17] -

12K+ 20k) [Ty — llwlk + LR 170y (41)

PR rE Rk + 1, & (k + 2/k),u”
1|k), €7 (k + 2[k)]" 85 (& (k + 2k + 1), u”
1),e"(k+2)]" pra v gemfE, FrbAn] 15
le(k +2) (17 < e(k) = [(1 — &) ([[&(F)]I5, +
lu(®) )] — [k + DfF, + [lu(k +1)[7]-
[2(k + 2|k + 1)”%/[/(@—
[k + D)l 7
RE (29), 2 (42) ATK5H

le(k +2) |74y < Sk +2) = e(k) = [(1 - &) x
(B8RS, + llu(®)]7)] — [l#(k + 115, +
luk + DII%] = 2k + 2|k + 1)y )~
lu(k + 1117
H(k) = B(k)Ho, B(k) >0, +f3

ﬁ eT(k+2)Hoe(k+2) < ¢<k+2>

e (k+2)Hoe(k+2) < 1+(1

FEYlid
e"(k+2)Hoe(k +2) < ¢p(k+2) =

min { é(k +2)

(k +
(k+

(42)

(43)

HAARK (43), T
- M= (10), AT
)\(k‘+ N(G(k+1)— )

58 A+ A= ME+1)(p(E+1) — 1)}

3) WAL (17) AYALEE. FERF5 A L9 AL B A

z(k+1lk) €

LMIs Z i, 5IALR %At

z(k+ hlk) € 2, = {z € Rt

zTﬁflz < 1}
(44)
TERFERTZI b+ 1 B, R4 (3) w0, WnsRAE & i

AR, BIy(0[k) = 1, 42 k + 1 B2 %%
28, W y(1k) =0, W u(k +1) = u(k), LIRWEL

X (44), QLR HE L — 0, HFZIE 1 — 1, |
Y(0[k) =1, v(1]k) = 1. a2k (24) W2, WG
- 4T
A+ BE; 0 LG, L,E,
K _
S0 0 0 -y
0 0 A, —L,C, D;—L,E,
0 0 0 I
(A, +B.K; 0 L, LE |
K, 0 0 0 <
0 0 A —L,C; D;—L,E,
0 0 0 I
(15)

= (45), WA

V(z(k + 1|k)) + 0" (k + Dw(k + 1) < e(k)
Bl z(k+1]k) € =

TERFEW ZI k + 2 W, %FTF y(2lk) = 1 %
BEEZEEDNTHAEN. a) 1 — 1 — 1, B

y(0lk) = 1, v(1]k) = 1, v(2|k) = 1, FIH K

(24), MAH z(k +2/k) € Z,. b)1 -0 — 1, %
Eo1 = {2 € R*H7 ZTQ(;Z <1p,.

2 s =1, 4R (25) Fisk (26) Wi, WA:

A;+BK; 0 L, L,E;
K; 0 0 0
0 0 A,—-L,C;, D,—LFE
0 0 0 I
A;+ B 0 LG, L,E;
FS& K 0 0 0
0 0 A —-L,C; D,—L,E
0 0 0 I
<T,’ (46)
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45 %

A; B; L,C; L,E;
0 I 0 0 —
I, x
0 0 A -L,C, D —L,FE
0 0 0 I
A, B; L,C; L,E;
0 I 0 0
<Tq.
0 0 A, —-L,C;, D;,—L,FE; '
0 0 I

RAE (46) FO=k (47), AJ75
V(z(k +2|k)) +w" (k + 2wk + 2) < (k)
FRA 2(k +2|k) € 2.

HFREERZ E+ 1 f1 k + 2 9TEM, 76 REE
%1k +h (b > 3) i, X y(hlk) = 1 4 1%

WHEIEATPIMEDN: a) 1 - 1 — - — 1, [l
Vs —1k) =1, 7(slk) =1, s =1, ---, h, B

z(k+hlk) € 2y 3. b) 1 -0— -+ -0 — 1,
A (h—n — 1K) = 1, 7(h — s|k) = 0, ~(hlk) = 1,
Hoprn € {1, Xmax} MEEESZMLRE, s
oo Zzlk+h—(n+1-s)k) € Eg

= R2nm+nu‘zTQ&iz S 1}, ﬁn%iﬁ (27) ﬁ/@a ]j\"J

\

—_

A
T
A, B, L, L,E;
0 I 0 0 »
0.5+1 X

0 O 0 1

A, B, LG L,E;

0 I 0 0 <1

0 0 0 1

(48)

Zifra (46), 3 (47) AL (48), 7Ifs
V(z(k + hlk)) + w" (k + h)w(k + h) < e(k)

AT, 2y (hlk) = 1 I, B %R T KL
F41, 2(k + hlk) € =, BT

EFT 4 AL (17), WISRAERBERZ] & + i
Rk T4, R (3), HA LRI, R
AR, KA (44), 45

2

‘(Yjﬁ;lﬁ(zﬁ + h|k))

t

(Yj [I 0 0] ﬁl_%ﬁf%Z(kJrh!k))t

2
<

3 (28) IRk bRk or. 0

Hr—A~ B ISR R DX 8 T-S A0k 0 2%
o L0 BRI A o SEA AN R B

353

FEL. EPESEN = A€ (0,1), I5HL (8),
53] Hy 1 L, B91E.

FR]2. "RESH S, R, k, u(—1), 2(0), ¢(1).

ELk

BB L. LERFERZ k> 0, FELSK AR ERE 2 1)
AT, 1530 A wa(k).

FIR 2. KA wa(k). R LR
B, WA uw(k) = ua(k), BN, w(k) = u(k —n),
N € {1, - Xmax ). FI I PR ITAEE A% fi S5 o 42 il
A u(k).

B 3. MihIRES 2k +1)k), 2(k+2[k). R
2 (20) 15T (k + 1),

BT A PR Z 2 k+1, SR5R 5 1.

A LMI fefb i) @t &2 4= B v] AR 5 KCPL
B i 22 I )R] AR, o KRR AR S
¥, L F£x LML g 8irg. re 2, £ =
(5 + Xma) (e + 1) + (5 + 25=)n,(ny + 1) +
NNy + 1y +2, L= (1372 4+ 27 + 87 Xmax + 16)n, +
(Tr% 4+ 27 4+ 47 X max + 10) 1, + 572 + 4rxmax +4 — 1.
FHBETT AL Xmax BEK, THRRE 2 24K,
T, Mg, Ny WK, ITREEMESERBOER 4
7= Ny = Ny = Xmax, 2OHKC R L2
K5, WA A KA e 3 2 it B e A 2

32nl2.
4 fHE

%08 2 AP R TR 2 T-S BORIRA, AR
AR P

0.1233 0.4367 —0.2759 0.6433

B, = —0.0001 B, = —0.0001
0.1014 0.1016

[0.4227 0.0017] [0.6654 0.0018]
1= 5 -
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a=lo 1], =0 1]

0.0022 0.0022
1= ) D2 =

0.00564 0.00564
El == 004, E2 - 004

BUAZNT GRS ] 245 O SR T R B0 31

1
ml(xl) =1- —z,—1.5
14+e—z
__ 1
ml(xl) =1- “21+1.5
1l4+e—2
1
MQ(*II) = “21+1.5
14+e 2
1
may(z1) = —
1+e
1
@ (@) =1 -
. 1
wl($1) =1- 71 G
1
22(0) = T g
1
wg(.%'l) =

BORIBLEL 0 R I SR @0 (k) € [~15,15]. &
SUIBURRCE, (1) = €, (1) = sin®(21) 71 €, (21) =

1

0.8}

06}
S
o4t

0.2F

0.8

0.6
S
o4t

02F

O L L 1
-15 -10 -5 0 5 10 15

¢ (zy) = 1 —sin®(2,), €, (z1) = ¢, (z1) = cos?(z1)
il &o (1) = Col@r) = 1 — cos®(z1). [ 2 RBedasnt
SLAFERI A BN SRE A BE RS R A AL,
W wk)]? < 1, WAZHN [u(k)| < 1, PR
&2(0) =[45", u(-1) =1, ZUER Xmax = 4,
B RS 1 = [0.48 0.52;0.54 0.46],
PERBFEAR AU S1 = L, R = 0.01, fliiTiRZEW]
A o(1) = 6. IRERESCEE N = 0.3, 24
k= 0.39. XTI R AL T-S O 245 2 i R 58
W5 BERINE 3~ 8 Fos. & 3 NEEEE IR,
1 FoRBIRAE ), 0 FoRKAE R, B 4 FoRH]
WRGARSW . B 5 TR RgpiEtlimA. K 6 %
RPERETRAR B9t e BB, B T FORAETTHIRZER S
B 8 Fo R W A AL THRZEM RS A &2
. PERESR IR ST B AR 1 PR, (f HERFE
HH, RS2 ) e B AN 42 o O YA = T AT HoA
RUHY.-
F 1 WMEFZSEL, YERESE bR M T S )
Table 1 Observer parameters, performance objective,

and computational time

HO Lp JODO TAverage

[0.7833 0.0643} {0.0018

62.98 0.93s
0.0643 1.0316 0.5394

1
0.81

~ 0.6
=

g 0.4

0.2

0.8

« 0.6
12

8l 0.4

0.2

0 L L
-15 -10 -5 0 5 10 15

B2 B RN il e ) SR i R

Membership functions of plant and controller
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