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M odeling and Analysis of Nonlinear NCSs W ith Quan tization
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Abstract This paper is concemed with a problen of quantitzed contwl for a chss of nonlnearNCSs whih can be re-
presented by a =S fuzzymodelwith interval tme-varying network delay The nflience between sensor and controller
and that betw een contoller and mp kmentor are taken nto cons demtion during the process ofmodel buiding The con—
ditions for the system stability can be represented by a set of IM Is To illistrate the effectiveness of the proposed m eth-
od, a numerical exanple & provided
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1 Fig.1 Structure of quantized nonlinear

networked control system
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0 (1) = Fl ., O(t)=F,
x¥1) = Ax(t) + Bu(t) (1)
(1) ,x(t)ER" ,u(t) €ER" . A, B
:F, (8= 12 -s); 00(1) - 0,(1)
(1) :
x¥t) = ;hi(ﬂ(t))[Aix(t) +Bu(t)], x(t)= %), t€ [-T, 0, i=12..r (2
(o) = P wgory) = TTR (00 sE O ) 6 R
M (0(1) ) .

hi(0(1)) hi(8(1)) > 0 ;hi(e(t)) =1

1 h,
2 u(t) = Q
(2) i |
00(t) = F\ -y 0(t)=F, u(t)=Kx(t-T), t€ {ih+ T). , h sk
=123 .) ; K, ;L ok

T(t) = t— ih t€ [ih+ T, duh+ o). x(ih) = x(t= (t— ih)) = x(t= T(1)).

u(t) = ;hi(e(z— T(t)) )Kx(t—T(t)), t€ [ih+ T brh+ Ty) (3)
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[1LI2].
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(1) Nzl KF |, llg(z)-zIl < n
(2) Nzl s>F gzl >F-na
F A q . z ,q(z) =10
g (M 'z), B> 0 , u u
U .
Ti(1), (1) cx(t) = Mg (B x (1= T(1))), 1€

[ikh+ T Gwth + Tl(k+l))-

u(t) = Hygo( Mo KWy (Mg x (1= T(t) - T(t)))) = Mg (Mo KMyq (M x(t= T(1)) )),

4
tE [lkh‘l' -I;, ik+lh+ Fl;r+l)- ()
(4) (3)
u(t) = Duby[Koe (1= T1)) = Vo bWy By ) ] (5)
ch= hi(0(t= (1)) ); O( My, My ) = 15 Kx(t— T(1)) — g (Mo KMuq (W x( 1= T(1)))).
(5) (2)
xp0) = ) Y b A (1) + Bu(Kae (1= 1)) - W (W Wy ))]ox(0) = S(1) 1€ [~ T,. 0]
i=1 j=1
(6)
3 fag ot
1 X, Y (1<i<r) S$>0
2 hhhth SY, < (X; SX,; + Y; SY; ).
i=1 j=1p=1 E 1 i=1 j=1
2 B, & . OST ST)ST, () - T )8+ (G- T(1) )8y + ©
<0 (- T)Ei+ Q<0 (T, -T,)E+ Q< 0
1 Tn T, d>0 K (€ s) P>0Q:(i=123)
> QR, > QNyMy, Vig(l=12 .., 31 ]'E s), Si(i=123) IM Is(7) (8) B
(6) “
Ffl'l'Q * *
F;il - -l;an * < Oa (7)
T (1) 0 - (%-T)R
Mo+ M+ Q e *
F;jl + Fizil - 2T.R, * < 0. (8)
Dol + %5 (1) 0 -2T%-T)R
Jl=12 i j€Es
i Q, * * * # ]
Nzﬁ—eri_;,'+MTL:,' Q, * * *
1—‘iljl = Qz —N3ij+M3i—M§ij+ 2ij Q4 * * 0,
Ny - Vi ~ Ny + My - Vy “M o+ Vi = Vs = Qs— Vi = Viy %
LP+Nsj— S:A; + 81 ~ Ns; + Ms; Q; - Vs Qd




Iy= [TNy TNy TNy TNy TNs)

Pl = [(W =T )My (%-T)My (%-TMy (%-T)My (%-T )Ms]
(2) = [(G=- T )V (G=T)Vey (G- T)Vy (%-T)Vy (G- T)Vs]
Q=01 +0:+0:+Ny;+Nyy—SA -A; S Q= Nsy;-My; + Vi, - S;A, - K, B. S,

Qs == Q1 ~ Noy = Ny + Moy + My,
Qu==(1-d)Q:-Ms; —M% + Vy; + Vs; — S;BK, - K; B S5,
Qs =-Ms; + Vs; — SsBK; + S,
Qo= TR+ (T - T )R+ S3 + ST3.
i=12nj= 12 :

(1) My, 2010 (SBi+ SB) NN Il < W, llx(e-T(e)) Il <Fy;

(2) Fi > 2all (SB:+ SB;) 1 1@ " IlF, 2 1K |l (A + Fy), A= KA+ Ag

(3) by = Hy, k=12..1

LyapunovK rasovskii Vi) = Vi(x,) + Va(x,) + Vi(x,),
Vi(x) = x (t)Px(t),
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Va(x,) = ITxT(s)le(s)ds+ waT(s)sz(s)dw J x (5)Qsx(s)ds

Vi(x,) = ]Tm }g(U)Rlx?v)dvds+ I; }E(U)sz;su)d@ds
V() : A

V¥x, ) S Va(x )+ Va(x) + Va(x) + 2€T(t)N(t)[x(t) -x(t- T, )~ :L x%‘S)d} +
2% (t)M(t)[x(t- T,) - x(t- (1)) - ];;l’)x?s)d} +
2§T(t)V(t)[x(t— T(t)) —x(t-Ty) - ].:Uxa‘s)d} +

2§Tms; ;[_A,-x(t) ~ BKx(t— T(1))+ Bl 8( Wy, Wy ) + x¥1) ] (9)
JE() =[x () x (1-T)x (1= T(1) x (1= &) x>(1)],

N'(1) = Z;Z;hzh/[N'{if Ny N3y Ny Nyl
i= =

M'(1) = X D b [Mi; My My, My M),

i=1 j=1

VT (t) = Zr: ihihj[‘/’ﬁj ‘/gij Vl;u V’fli Vgij]:

S'=/S 0 S 0 S:J
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28 (1)SB My, 8( My, My ) ) + ZZhh[§ ([T + T+ T, (N; +N) (N +N)+

R 1
(T- T )(M;+M,) 2(M +Mi)+ (= T)(V,+ Vi) 2(V+V)]§(t)+
28 (1) (SB. + SB; )My §(Hy, Wy ) .
S chur 1 2 :

V¥1) < ;hi[— E(t)0&(t) + 25 (t)SB My S( My, Moy )] + 25 (1) (SBi + SB; )ty 8( My, Wy ) ] +

DD k[~ & (DQE(1) + (G = T(1)) ViR Vi J&(1) + 28 (1)SB.My §( My, Wy ) ). (13)

5 6(111/:, p2k) = IIZAI l“llef[Zl_ C]l(zl)]+ [z2— (]2(22)], 2 = p']klx(l— T(l)), 2 = l'glejulk(ﬁ(lIml
x(t="T1(t)) )

||z1—q](z1)|| A Lz = gp(z) Il <
1
|I S(Hy, Wy ) Il S UK A+ A= A (14)
(13)  (14)
i) S Zh[ E(1)QE(1) + 25 (1)SB: by ] +
ZZhh[ € ()Q8(1)+ 2 (1) (SB.+ SB,) s ] =
_Zr;h{— IIQ é(;)[a(x) 21, All SB, |l ||Q‘||]}+
.ZIZ}“ { ”Q TSV [E(1) - 2 all (SBi+ SBy) |1 11Q° ‘Ilj}
1 :2all(SB, + SB)IIlQ ' Il < 1, llx(e- Ye))ll <F, W, = My
281 SB I ' Il < ! ||x(t— T(e) )1l NE)ll > 2, all SB L 11Q7' I, &)1l >
24, Al SB; + SB; Il 11Q™"
1.
1 1, o'l , ; (7)) (8)
0

4 Haplr

s xP= X, x2=— 0.0Lx, — 0. 67x.. x € [-11]
W)= 1-x, Wix) = 1 W(x)

1 X1 l'l], xX>= A|x+B|lL
2 X1 pz, x>= A2x+leL
0 0
1=|: j;A2:|: jaBlz[ayB2:[?y d:],’];uzoj Q:l K1=
- 0.01 - 0.68
[0.4174 0.0247], K, = [0.7838 1.1207], (7) (8) IMIs T, = 1.206
[14] T, = 0.045 . Ik = 04181 1K, 1l = 1.3677 1 ¢
Fi211277x10°A ¢ Fy 20.4715% 10" A+ 0.418 1A, A= 04181
INETH ﬂt‘—;(—tUH= —;(Fl + 11277 % 10°A), 1
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