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Abstract: An observer-based adaptive neural network control problem was investigated for a class of nonstrict-
feedback nonlinear systems with time delays. A state observer was constructed to estimate unknown variables
in nonlinear systems. With the approximation ability of RBF NNs and the backstepping technique, an adaptive
neural network output feedback control approach was proposed. The designed controller ensures the semi-glob-
al uniform boundedness of all signals in the closed-loop system. Finally, the simulation example shows the ef-

fectiveness of the proposed control approach.
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BN 1 FURIPLE RGN S AR A T
]W‘i]'+Bq+Nsin(q‘)=[, (33)

LI =V, -RI - Kq,

J  mLi MJL, 2M,R; mL,G  M,L,G B,
M="—+ + + y = + 5 =—,
K, 3K K 5K, 2K K K

J TSR m IEFT R, m, MR L, WEFFKE R, MRS, ¢ hE T RHL,
B AL BE SRR, g MRS ML, T o B HLAY B RK L 3, K R BRI EE I O e e 2R 8, L /R HL K
%R FR X HLEE K, i B sh 3R, IF H v, A A L.

0.2 .
L — x, (1)
L —-—= X1(t) |
My, Ry o1 1
R L ~
wW—I = 0
m, Ly iG =
+ o = -0l
I/b K,[,KE( R—
- n /777
B 0.2
1
-0.3 . : . :
10 20 30
time £/'s
B1 HLL RS R B2 (1) 1 2,(0) Bl
Fig. 1 The model for the electromechanical system Fig. 2 Curves of x,(¢) and %,(t)

B xy = q,x, = 4,05 = Lu =V, IFHFIERA W, X (33) /T LR A

X, =%, +x;8in(x,) +q,(t —7),
. B 1 B
%y Z—Msin(xl) —sz +Mx3 +Mcos(x2)sin(x3) +q,(t —7),
(34)
) 1 K
Xy =fu —fxz —f% +q,(t—-7),
0 =X,

Hd, vy ARGHE  u AREEA q,(1 =7)=0.5%,(t = 7,) ,q,(t = 7)=0.5(B/M)x,(t = 7,)x2(t = 7,) ,
JFH q(t = 7) =0.5(R/L)xy(t +7,) .

YEFESE J=1.625x 107 ,m =0.506,R, =0.023 ,M, =0.434,L,=0.305,B,=1.625 x 107>, L. =2.5 x 107?,
R=50K_ =K,=090,1,=-10, ,=-12, ;== 12,a,=a, =ay,=3,r,=r,=r, = 1.5k, =k, =k, = 2,0,
=o,=0,=05f71 =7, =7, = 22WHEFMEE N x,(0) == 0.3,x,(0) = 0.1 x;(O) =0,%,(0)=0.1,x,(0)
=x,(0)=0,H w,(0) =w,(0) =0,w,(0) =0.1.

X FE— DR I Z LS, Gauss PREUITERE LN 2, Gauss PRELAI O fE[ -1.5,1.5]x[ - 1.5,
1.5]. XFE AR mIEM LML | Gauss PRELAY o B [RIFEE K 2, Gauss PRE PO E 1.5, 1.5]%
[-1.5,1.5]x[ -1.5,1.5]x[ 1.5, 1.5 ] X} F26 = AR a] FE M 2% | Gauss PREL T8 FE [RIAEIE R 2, Gauss PR
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By AitE -1.5,1.5]x[ -1.5,1.5]x[ -1.5,1.5]x[ -1.5,1.5]x[ -1.5,1.5]x[ -1.5,1.5].

1.5F — x,(1) | — x5(0)
-—- %2 (1) 2 -—- X5(0) A
SN Ol
LN SN 11T
=0 = O
o ! o |
o =0.5¢ A -1
_2_
_1'5.
L L L 1 L _3 L L L L f
0 10 20 30 0 10 20 30
time /s time /s
B3 x,(t) Ml x,(0) MLk B4 x(e) M2,00) Mgk
Fig. 3 Curves of x,(¢) and %,(t) Fig. 4 Curves of x5(t) and %5(¢)
T 8
w, (1)
or —==wy (1) ]
~ v N = ws (1) | 4
S o
E 4f
n _8 L L I I L
0 10 . 20 30 0 10 20 30
time ¢/s time /s
B5 BN w (1), w(t), wy(e) B B 6 FhiliiA u(e) mihk

Fig. 5 Curves of adaptive laws w, (), w,(t), w;(t) Fig. 6 The curve of control input u(t)

R EHIESHE B

Talbe 1  The quantitative comparison of controllers

performance index eq. (13) ref. [ 17]
e 0.4 5
e, 1.3 4
3 2.3 2
convergence time ¢t * /s 6 12

DiEZE R 2~ 6.8 2 ~4 JE RS «, (1) (i =1,2,3) KHWMME £, (1) (i =1,2,3) BIHLE.E S ZH
W SE w,(1) (i = 1,2,3) BIPIEE 6 A= 4% w(e) BIPE MO LR AT LU ), R R G h e A 15
SREMCS BN — AP X (33) , PR S EGE B BB O T , 2 1 A (13) BrE b il 25 Fn
SCHR[ 17 ] T4 H 445 1 20 0 ORI 2 OR300 152 2 ARSC S st 1) Jy TG A T A 2 B AT U B 17 AR S 1 4 o
A B,

4 4k 7

AR SCEE X — 23R A% S 5 1 B AR 2tk R 48, B Lyapunov £ @ FIS AT Young %5 2 T —F B
T W28 X ) i TR B 50 T — A ORI 2 R LI 28 5 H A 0 118 R 2 A i R e 2 T 8% 1) e T R
fif DR 1 A e R v B AR 2R pR R () B AR T AR AR AN B T BT S A 2 R 1 ELARIE T A
KRG AT 2R —30E A k.
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