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Adaptive fuzzy control for MIMO nonlinear systems

with multiple time delays
DU Zhen-bin, HU Shou-song

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China)

Abstract: This paper presents an adaptive fuzzy tracking control scheme for MIMO nonlinear systems with multiple
time delays. The scheme synthesizes adaptive control and H-infinity control. Firstly, an adaptive time-delay fuzzy logic
systems is constructed and used to approximate the unknown functions with multiple time delays. The H-infinity compen-
sator is then designed to eliminate fuzzy approximation errors and external disturbances. The adjusting laws for parameters
are also derived by the tracking error. Furthermore, the Lyapunov function with time delays is constructed, and the error
closed-loop system is proved to satisfy the desired H-infinity tracking performance. Finally, the simulation results demon-
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strate that the control scheme is feasible.
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1 5|3 (Introduction)
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2 ]8R (Problem formulation)

SV INNEZ PN T A BIE 25 i
&= Ax+ B[F(x,7) + G(x,7)u + d],
y=Cx, (1)
2= Z(1),t € [~C,0].
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w = [ug, Uy Ty = [y, ,ym]TﬁJ\ e RE% TEPES RO A
(KOAR 5 AL L i, SR 52 RO 0 Bt O, = —in (B(a.7) — all, (2, 7)
Bod- 4 Bm =15 fi, gi;(4,5 = 17 -, m) T 6W5(x77))T(BTP6), )
I BREG di(i=1,--- ,m) ZINBIB); Z(¢)IELL, .
LR RGMRE, 70 = 1, )RR L, Oz = —m(¥(@,7) = allo(@,7) =
¢ =max{n|l1<i<r}. A=diag{4,,--- ,A,}, B= 0Ws(z,7))" (B Pe), (7
diag{B1,- -, Bu}, C = diag{Ci -~ ,Cpn}. AJEB, i = —ny(B"Pe) (L, (2,7)(01 + O)T, ®)

B B = AT B, O a1, HAb T FE 480,

B, =1[0,---,0,1]" € R%*",

C;=[1,0,---,00 e R d=[dy, - ,dp]",

Fl,7) = [fi(z,2(t = 7)), a(t = 7)), -
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3 #HIE % (Controller design)
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§ = —nu(BTPe)(Ws(z,7)(O1 + Ou))t.  (9)
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IT eTQedt <
e’ (0)Pe +Zj v)E(v) dv +

L 67008, (0) + L u(E1(0)0,(0)) +
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4 i EHHI(Simulation example)
WEHANZ o 2 B AR R G0 WL
HUME 2 4:000:
q(t) +Clg, 4)q(t) + g(t) =

Blg)r(t) + gsxt)q(t )4

11 Clg, ) = H '(¢)C"(¢,4),9(a) = 0,B(q) =
1( )a = la, @) &G(t) KA R ni =

)RR IIE, d = H'(q)di=& Ak 4L 3,
d = [0.4 sin(2t), 0.4 sm(2t)] AT = q,Te =
41,3 = G2, T4 = G2, Y1 = XT1,Y2 = T3, 7 = 2,71 =
0.1, 7, = 0.05.8RE-% 5 Ay, = (7/30) sin ¢,y =
(m/30) cos t.AEA R MWL E2577R.
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5 #5WiE(Conclusion)
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