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Fuzzy tracking control for uncertain nonlinear system

based on adaptive neural network

LIU Ya, HU Shou-song
( College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China)
Abstract: The tracking control scheme based on fuzzy model and adaptive neural network is presented for a class of non-
linear system with unknown uncertain nonlinearities . Firstly , the Takagi-Sugeno(T-S) fuzzy model was adopted to approximately
model the known nonlinearity of the system, and fuzzy-model-based H-infinity tracking control law was designed to track the
desired output signal. Secondly, full adaptive radial basis function{ RBF) neural network control was used to improve the scheme
of the fuzzy H-infinity tracking control. The effect of the unknown uncertainties and the error caused by fuzzy modeling was
overcome by on-line adaptive tuning of the weights, centers and widths of the RBF neural network, and no matching conditions
or constraint conditions were required. It was proved that the proposed control scheme could guarantee the stability of the de-
signed closed loop system and the good H-infinity tracking performance as well. Finally, the proposed scheme was applied to a
nonlinear chaos system. The simulation results showed that the proposed method not only can stabilize the chaos systems, but also
track the desired output signal.
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2 ZEZHIR (System description)
TR T AL ERR .
X = x3,
iy = flx),%0,u) +f(x1,x2,u.t) + dy(1),
¥y = Cx = x).
(1)
HpRER v = (2] 237 € 2 8EHMA u €
By e, C= (1, 01€ 7 f(x,u)
KB IR BB (v, u. ) BRRMAHEN
TFBERNRZ;d(1) = [0 da(e)"]" SRR B
Hw,x(t) =0,¥t <O.
B AR R G B CMFF RS TR AR B,
¥RGER TR IMTIEA:
I z(t) is F| and oz, (1) s F;,,Then
£(t) = Ax(t) + BuCt) + d(t),
y(t) = Cx, (2)
1) =0, 1 <0, i=12,q.
He r RRE | R HEREALN s Fr R R E S
z(t) € =P B&E & ; g & IF-Then FLMEL; A, B,
RAERUE MM E BN R ERSCER S M 7 K ORI
REL(Q2)IEMWILSE RIS

£(0) = Dl Ax(0) + Ba(D] + (o).

(3)
Hep
(20 = elz(0)] 2 wl2()),
cui(z(t)) = ]-_E[F;(zj(t))v

Bt Fi5(0) 2 (o) BT HMSE Fj ORRE. B
B w2(0)) 20, D ws(0)) > 0, H

pl2()) 20, 2p (1)) = 1, i = 1,2,+,q.

A% Aglu,t) = 2 p(z(1))(B - B)u, Hrf

0
B =, |, g R G R o
e SRS AT
(1) = 23 pila()) Axle) + Bluls) +

Ax(t),u,t))+d(t). (4)

He A(x(e),u(e),t) = f+ Af(x,u,t) + Aglu,

0).f FREFMAMATE, Af TR EMREN

HEEIRE .

3 ETEMERENEE H. REEH#FEIT
(Design of fuzzy model based robust H,
tracking controller)

BESETRMES . € U RERIRE R

e(t) = y -y, = Cx — y,, MATLAE TR

B

%= Z,ul-(z(t))[;iii'(t)+§u(t)+;i(t)]+BA(x,u,t).

(5)
H

p :[<j;e<t)dt)Tx<t)T]T € =,

B 0 3nxn 4 0 ¢ m3nx3n

B = [B]GP@ A = [0 Ai]ERa n

d(t) = [-yl d()"]".

BT H., RIS RS4RI
J:i(J;e(t)dt)TQI(j;e(t)dt) + 2()TQx(e)1dt =

J:E(t)TRj(t)dt <

£7(0) P2(0) + 7] "l a(0)%de. (6)

Herd(t) € L0 t], 7y RAEMWIEHEE.R = R”
= block-diag( Q. Qy) N E IEE FHUHERE, ¢ HEE
FIEE AT, P AXFRIEE BEHUER .

AR P AR MR, R T T-S &
Rl RS 5 Sl 28

u(t) = Zpi(z(t))Kix =

> ONK[ e+ Kyx(o). ()

Hp K =[K; K;l€ R EARER A2, u,t)
TATER, BB A 3(5) & Ax,u,t) = 0, AT LLR
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B2 %

Bl T AR

9;5 = ipi(z(t))(/ii + BKL)E(L) + a(t) (8)

S 1Y TR mx 0 SEE X, Y,
EXEHe >0, F

XY+ V"X < XX + 7YY, (9)

B 1 SHEE—TWHREEER p e vdn

M—EEHEREK € =m0 (i = 1,,¢) HHMTE

REASE AL :
(A; + BK)™P + P(A; + BK,) + YLZPP + R <0,
(10)
MEREEHBE(DHEARRE Q) BREAERHILE

5 RS E He BRERIEHRIPEREFS P (6)
E R

J;‘x(t)TRx(z)dt -

0 Px(0) - 2T(2p) P (1) +

0
H pRMFREEER BHXE)MRAKXODTE
j;rf(t)TRi(t)dt <

J {o’c(t)TRfc(z) + a%(az(t)TPx(t))}dt, (11)

£7(0) PE(0) + | 12 (0) TR (1) +

25 i 2(e))[2(2)TP(A; + BK)&(1)2(2)"PA(2) +
#(e)T(A; + BE)TPx (1) + d(¢)"Px(t)]lde.
SR (12)F 51 B 1, — TS

J:E(t)TRi(t) <

(12)

MO PE0) + 2 (a(0))] "5 (OL(A; + BK)TP +

Lf
0
P(A; + BK,) + ylzPP + R] + 72d(t)Td(t)id:.

BOTHIINEFE EEXFRERE P HHBREX10)
L, W Ho MEREFSAR(6) TR . | IEEE.

EE2 HRNOFAIERFIEEERE P €
RImdn 2 FE M TR RS (13) WAt E .

%= ZH(Z(;»(ZL- + BK)x(t). (13)
WE F R R R
Viz) = (e)TPz(1). (14)
Hd pEXRRXNOD, AXHEESERE. R (14)
KR8

V() = 20 mG()&(DTI(A; + BK)TP +

P(A; + BK)1z(1). (15)
ZRD) L, 7R V(z) < 0, BB SE R &t
(13) 8RS E IEEE.

A ESrtrid B, B T A H1AS T 8 U 10
EBURET Ax,u,t) BER. MEHE Alx,u,
) BVERT, SR aliikiiE 3 1 v BT 82 B BR B 4 R
EXTIELRME R G (1) BEATR ], E LIRS FR AR By 7
BRI, R A L 5 A T EF RBF
MERMEHHENES v, BTEXTHARE
AR AR 2 B2 . LURIE RS B A HEK
¥ H, RETERE.

4 E-THERM RBF #% M%&) RERE
#l (Fuzzy tracking control based on adaptive
RBF neural network)

151 A RBF M %& 5 A S HEHIEN

w(e) = u(e) = unlt). (16)

b ue(e) F XER(T) A ERRAKL )7

(1) = 25 m(2())(Ax() + Bug(2)) +

B(A(x(t),u,t) — u,,) + d(t).

(17)
Se(t) = y-y, = Cx —y,, WATLAGR|—HT 1Y)
IR

2=, m(z(t))(A; + BK)%(t) +

}§=(IA(x(t),u,t) - un) + d(2). (18)
He x = [(J;e(z)dt)T ()T e B
Ze(s) = x(2) - 2(2), W
é:i,u,-(z(t))(/_ii + BK;)&(1) +
g(lA(x(t),u(t),t) ~ Up). (19)

M FRATIE H, IR RBE #2 M%K% ., BB
BHRGITH IR A, R4 H &8 2 7 HiRE D)
SRGRE, M RIERSHEN S HE H, IRER
PERE . F AN T RBF #4: W%% :

um = WIG(X,8,7). (20)
B X = [2()",u()T]T € BY, (N = 3n) AWE
RIBHEERA. W = (w;) ., WIERE, L > 1 AR
BHEITTTHE,L G = (G, G 7 Gaussian R, H
B R
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€.(X) = expl” (X - Ei);(X - &)
7
(21)
Hep & &5 X R4 M & , & Gaussian B85
>, 9, 7 Gaussian REITERE . ¢ = [T, e]]T,
7= [’717""’71]T-

EEIEH, LMK Q0)EEER A, FATLUE
BN E R R R AX), H15

A(X) = W'TG(X, 6" .97 ) + ef(X). (22)
Hep w,e", 9" il B UMAE . .0 M5EE
{H,e,(X) RBILIRZE .

Bmig 1" X TFHAEMNBA X € A, FERE
MERNE W, b & RRE 5, 18
le(X)H <e”,e” H—HE,e" >0, BFEFH
we g mEIwW lesw, el & 0971
<7

Hep || - | #2788, || - |l ¢ 24 Frobenius JE8.

BT R W, 8™, p" RARMM, HitF A
W8, g XF W= &%, " BEATAGIT . B UAEITIRE N

C=G" -C,W=W"_W,¢&=ze _§&,
7 =7n" - ;],Z = block-diag(ﬁ/,é,fj).
5

ACX) —up = WTG™ - WG + ef(X) =

W'G + WG + WG + ef(X). (23)
XG(X, 6%, 9 VEE" = &, 9" = p ibPHAT Taylor
BRI, 015

G(X.6",7%) =G(X,&,9) + (Gi(&" - &) +
Gy(7* —7) + O(X,&, 7).
(24)
He 6 = diag( g,) € RIxM,G,; = diag(g,}l-) €
2 0(X,6,9) HEKRTL. BT
2(X - &))" = (X -&)"(X-¢)
2 €xp 2
Ti 7:
| X - &l zex = (X - &)"(X - sl-)]

7o 7 '
45 RBF R ATA, el el li6 A
K APEHEFEHN ¢, e, 03, WA

lo(x,é,7) | =
I1G-6E-67ll sci+earlléll +ellFl.
(25)

8 = ],

gr;i=2

BHROORAR(23)A]1E
ACX) - up = WG - G - Gip) +

1, i=1,2,-,1.

W'(GE + G7) + dy. (26)
Hep
ds = ﬁ'/T(Cg&* +Gp™) + W 0(X,6,7) + ef(X).
B (25) AT 40
ldell <l Wl peaf + | W ees7 +

W(Cl‘*cz”é” +C3|1?7||)+€*.
(27)
FAEY 4 FR . H 20O RARX(19) 715

q

6(t)= D m(2(e))(A; + BK)e(t)+B[W'(G-

CE-C)+ W' (CE+Cp) +df).  (28)
R 3 FERS (D), EH U BEREHRE
(7),RBF #2: M4 & i3S f#(20), % X € 4,
A, M 2H &+ w A (16) AT LAE B A R A A 1 E M1
FLRHERE() HHFR—BHEL F RIRE (UUBS), 3
HH A ER Ha BREEVEREFE R (6)  HP AR H, BR
BRI (T HETE | P4 HA TR, RBF #4&M
BBINE P OMRERBLT BENIER TR,

W= L(C-GE - G7e"PB-A, | ePBI LW,

(29)
E= Ly(e"PBWTGHT - A, | &"PB || L,E, (30)
7= Ly(G"PBWTG;)" - A, 1 é"PB || Ly. (31)

Heb Ly, Ly, L RREECE M IEERRE, AL, 26,4, >
O NFFHEF. 6 I RE(18) REEEHE &
BE(8) IRAEWIRAIRE [ B . P ANIRIEEER, B
SEFTHR0) KRB Y ()l > B NZ]e>
02, Wt ,e(e), W,é,fj — B BRAH A (UUB), 2,0,
HIRER.
i FBREDHSHEA(28), %% Lyapunov
BRI
V=é(0)"Pe (o) +t( WL W) +E"L; 8+ 7"L3 ' 7.
(32)
Bk R18

Vo2s()Pe(e) + ()P (&) + 2u(WTLI'W) +
2ETLE 4 277135 (33)
WBE| W= W, 8= &,5=_7, BEHE2HEH
AT
(A; + BK)™P + P(A; + BK,) < 0.
B A =— Al (4, + BK)™P + P(A; + BK))],
(Amin€ ) FERER/ NASIEMD) , 258 R (29) ~ (31)
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B2tk

A%
V< —Aé(t)Té(t)+2é(t)TPl_?df+2/1w HeT™PB || tr(W'W) +
2:1e"PB €7 + 24, 1 ™PB || 777,
FEF
te(WTW) =W, W - W < [ WIeWw- W3,
EE < llele-IEN 7" < Halla- g2,
FHHB A2
Ve-2ae()Te(s) +2) &"PB | {(Co +
Gllwle+ G lell + 7l -
AJNWIE - hell2-a,ll g2
Hep
Co=We,+e°, C = 26 + 37 + AW,
Cy = Wey + A6, C3 = Wea + A7,

HAHFERAC
Am = minid,, A, 4,), Z = diag(W,&,7),
Y=1€,C,CiT, 4 = | Y.

FEHEEH CIWle+ GIEN + Gl 7
Ay I VA I Fs R AN

M

v<_Muﬁaw—2H§ﬂNA4“Z“—§%V+

2

20 &PB | (Co v 0. (34)

A
~

T pp Ay
0, = [2le PBH(C0+K) A,

A A2
.(22:2—;L+\/(C0+4—;1)/Am

FiREEEWR, BXGHE,E le()] > Q, 3
[zl > @,V < 0,8k (o), W, &, 7 —BERAK
ROAELERE()EESROOER TR — &
BB FIRE W RLAEN H BREFVEREFE T .

.
5 {5 EMF 3 (Simulation research)

BT AR R

2,(t) = 2.5x,(1),

£2(0) = - (Gan (D) = 5hem(1) = 0.1m(0) +

15c0s1.29¢ + u(t) + d(1),
y = 5(0).
(35)
RGBT He MERIZHIR , A EREEFES y (0O H
BAMKGES Hh d(0) BFEHE, FENO0IH

SR
RYid f = 15c0s1.29t, RAELEIRH S ABHEM
- 21"

Here R I 1 A2, %(0) = [2

0 5 10
t/'s

B 1 REAE TR AR BTRIEAE 28

Fig. 1 Chaotic behavior of the system with no control force

Bl 2 AR BRI RS R 2
Fig. 2 Phase-plane trajectory of the chaotic system

X, (¢) BURKAE M, Al /ME M, BB
G, NHRBRBEA 0(x0)) = () -
Mz)/(M]—M2),ﬂg(xl(l)):(M]—xl(l))/(Ml_M2)-H‘f
RESCHh A, XM RE (S TR EMERE, AR
H(35) MEmE R E 2 BRI RE M, = 10, M,
= - 8. WU RIS HCH

0 2.5
Az = 5
-4.49% -0.1
0 2.5
A] = ’
-6.8 -0.1

B:[ﬂ,C:[lO]

BE7=1,0,=0.1,0, = daig{0.1,0.01} . IZME
1 PG UM RO R EEIEHIR(7) , K

K, = [-4.5699 -3.0860 - 2.7582],

K, = [-3.9754 -4.4917 - 2.6130].
#H—45| A HiEN RBF &M gz, BX RBF #i4
MBHIHAN X = (2,20, ul A v, REE
T 3 A4 B % RBF # 4 M 4K AL E , KB L
MTEREHATELER . ARG LT 2 & 3 B .


http://www.cqvip.com

H5H

XU 55« B A3 IO 22 190 248 0 AN A 2 FE 2R P R 0 AT R 2 A o 775

FawR S B2k AT DL, SCh BRI B9 T s e LURR E
AR BRI ME R G, JF (0 H B HA R R B
HEBE.

4l e
01 5 10
t's
(a) il
4 ——

0 5 10
t/'s
(by K& x0
B 3 REEHEISIEHFSEN RBF 2
P 45 6 FE R 1 o7 i 2

Fig. 3 Response of the system controlled
by the fuzzy controller and adaptive NN

6 %518 (Conclusion)

xT—RBG RAMAFET e Lt 28 R
Gt, 32 M T —Hoks RBF 836 7 #1228 W 45 5 3 T4
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