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Abstract: A n adaptive tracking controller based on dynamical neural network identifier for uncertain nonlinear chaos
systans ispresented Thew eights of the dynamic neural networks used as neuro-identifier can be on-line adjusted
through the usage of the sliding mode techniqgue A n optimal controller via dynanic neural network model is
presented to perform reference trajectory follow ing control for chaotic system. The identification error and the
trajectory tracking error are analyzed and guaranteed to be bounded The experiment results of the chaotic system
given by L orenz equation show the effectivenessof themethod

Key words chaos dynamic neural networks(DNN ); sliding mode control; nonlinear systam; stability

1 (7]
OGY (4
[2 4]
: [5]
D uffing ; [6] )
: 2003-03-3L; : 2003-07-21
(60075008; 60102010): (0213Y 2095; 031JY 3107).

(1968—), , ) , ;

(1957—), , ) ) )



456 19
- P sign(e) = Ymer AyAt-
,Lorenz T (A)
XYt
1L W 2t |: - ] 6
, WaWedl gy ©
P , (6) )
WiWai]=][T l(yt— Yt 0 - Ayt +
Yt = g(yt, Ut, t) (1) o((y:) .
it> 0,y e , U P S|gn(e[)][3(yﬂt) )’(u[)} )]
' [ , (7)
1 | Ys - yt" S H+ M T|S' t|, [W 1VW2YI] _
HM 1 y |S' tl < T ~ ~ T
[T (yi-.yed - Ayt P sian(e&][ x(y) ]
EEEE T I a(y)ll 2+ 1 Blyd Yl 2 Lg(y) Yu)
_[FREERER] ®)
u e L yapunov V.= —;u all 2,
o ISR ERIEBE .
as miinPi> H+ _-2q\/lT Vi< 0, tl'met: Q
2ETH -
"R 3
| Eﬂ:ﬁrﬁﬁ: <
=S e Ym = Om (Ym, 1), (9)
1 . 2 2
1 Emin = nJ(!)n('yt' Ym QC+ |Ut |§C). (10)
[8.9] k. JRe= (1+ X YRe
=AY E Wy + W Bl YW,  (2) & = Yo ym,
s ny Y g y, : Je(u) = Y (U)W 2Pren + U'Re, (11)
TVt A Hurtw itz W o1t . .
w o« B PL Riccati u(t),
“ Yo ’ . A (u) /du = 0, ),
Ut €= Yt- VY,
L (2 u(t) = ue (1) - A LiJ‘I‘(“;:l'(‘t)')',uO(t) =0
e = g()/1, Utl,\t) - Aye- W 1,10((Y1) - (12)
W 2, IB(yt) Y(Ut). (3)
g(yt,ut, t) = )Ll%u"' A, %d_l(.lll)_ = Zd_%lsul\Nz,tPL (t)en(t) + 2Rc.u,
A = 1/(1+ K" P (0 1]
AL =1 T (ye- yed - glynu, )l < 1 {u(t)}
TJ'I I [g(ys,us,8) - g(y,u,t)]ll ds u(®, ud® - u(), k- .
o [11].
1 1
I Al < H -+ _-2EM . (4 u(), dY(u)/du= W,
R u(t) = uame (1) + u’” (1) (13)
e= l‘—_r)“—r Ay:- (13)
[ a(y+) )] » Uaamp (1)
W LW 2] ﬁ(yt) Yu. + A (5 W12—,xUmmp(t) + C (t) = 0,
: T ()= Ayn- gnlym 1) (14)
[8,10]

[12]



“Y1,,Y2,Ys

457
u' (1) = - R:'W WIPlen(1). (15) ;a Prandtl ,b Rayleigh ,c
2 (2) , ,a,b,c a= 10,c= 8/3,
(13) , (1) (9 b= 28, ) A =
diag(- 10, - 10, - 10), yo= [1, - 5,
len |5+ Ju | < 0], Wi,W2e 3% 3 , ¥(u) = u,
. Ao, o(z) = 1/(1+ €% - Q1, =01/(1+ "
21y o+ lim sup‘g‘ 1 )de (g 4@ = A+ e p@) =0 1/(+ e "%
Aneo 0 - Q 01,P = diag(20,20,20), T= Q 01,d¥(u)/du
[7] = y= | 2 :
4 , )
Lorenz ) (13) , Qc= 1,Rc= diag(Q 05, Q 05,
' Q 05),Q = diag(Q 3,0 3,0 3).
10 * | ‘ , y ym1: ms(ymZ),ymZZ yml yml(o) =
% . N .
o 10,ym2(0) = Q 3,
c;‘: O l; :.‘l i "y‘lr ) :‘I : 1
1 .“;’ \u
_10 H L]
(@) Lorenz Y1
20 ;
& o
—~
—200
(a) Y1
4 X
(b) Lorenz y2 A L
" : i .|: !
40 1 ! ! ‘ 4
» s T
: < : L]
1 5'\ ! l :\l, " “ip‘
< 20 C 0 SERTERIERY
o~ \ ‘;' '
-2
0 50 100
0 t/s
0 50 100
t/s (b) ya
(c) Lorenz y3 3
2 5
yi= alyz2- yi),
y2= byi- ya2- Yyiys, (17)
ys= - Cys+ Yyiya )



458

19

.Lorenz

(References):
[1] Ott E, Grebogi C, York JA. Controlling chaos[J]
Physics Review L etter, 1990, 64(11): 1196-1199
[2] Chen G, Dong X.
systans An artificial neural nework gpproach [A ]

Identification and control of chaotic

Proc o the IEEE International Symposiun on Circuits
Systens[C]. Seattle, 1995 1177-1182

[3] Nimeijer H, BerghuisH. On L ygunov control of the
Duffing equation[J]. 1EEE Trans on Circuits Systens,
1995, 42(8): 473-477.

[4] Loria A, Panteley E, Nimeijer H. Control of the
chaotic D uffing equation w ith uncertainty in all para-
meters[J]. IEEE Trans on Circuits Systam s, 1998, 45
(12): 1252-1255

[5] Ren X M, Rad A B, Chan P T.
oontrol of nonlinear systams using dynam ic neural net-
works [A ] Proc o
Intelligent Control and A utanation [C ] Shanghai,
2002 2002-2006

Identification and

the 4th World Congress on

[6] Poznyak A S, Wen Yu, Sanchez EN. Identification and
oontrol unknown chaotic systens via dynamic neural
networks[J] IEEE Trans on Circuits and Systams,
1999, 46(12): 1491-1495

[7] Poznyak A S, Wen Yu, Sanchez E N. Nonlinear

adeptive trajectory tracking using dynamic neural
networks[J]. IEEE TransonN eural N etw orks, 1999,
10(6): 1402-1411

[8] Poznyak A S, YuW, Ramirez H S, et al Robust
identification by dynamic neural networksusing sliding
mode learning [J] Applied M athematics Camputer
Science, 1998, 8 101-11Q

[9] Rovithakis GA, ChristodoulouM A. A daptive control
of unknow n plants using dynamic neural networks[J].
IEEE Trans on SystensM an Cybernetics, 1994, 24 (3):
400-412

[10] U tkinV | Sliding M odes in Optimization and Control

[M ] Berlin: Springger-V erlag, 1992
[11] Polyak B T.
York:Optimization Softw are, 1987
[12] Kailath T. L inear Systens[M ]
Prentice Hall, 1980

Introduction to Optimization[M ] New

Englevood Cliffs

( 454 )

[3] Kato N, Inaba T. Hovering performance of fish robot
w ith gpparatus of pectoral fin motion[A ]. Proc 10th Int
Symp on Ummanned, U ntethered Sulmersible T echno-
logy[C] Nev Hampshire, 1997 177-188

[4] KatoN, FurushimaM. Pectoral fin model for maneuver
of undemw ater vehicles[A ] Proc 1996 IEEE AUV Symp
[C] Nev York: IEEE Press, 1996 49-56

[5] Anderson JM , Kerrebrock P A. The vorticity control

(vecuuv ) - An

fish  svimming

unmanned undersea vehicle

autonomous vehicle employing
propulsion and maneuvering[A ]. Proc o 10th Int Symp
on Umanned U ntethered Sutmersible T echnology [C ]
Durhan, 1997 189-195
[6] Hirata K. Development of experimental fish robot[A ]
The 6th Int Symp on M arine Engineering [C]. ToKyo,
2000 711-714
[7] Garcia R, Cufi X, Batle J,
undemw ater vehicle through mage mosaicking [A ]
Proc o the 2001 IEEE Int Conf on Robotics &
Autanation[C] Nev York: IEEE Press, 2001 2779-

2784

et al Positioning an

(8] (L0 : ,

2001 180-203

(9] , : M ]
, 2000 136-137

[10] Garcia-Canpos R, Batlle J, Bischoff R. A rchitecture
of an object-based tracking systean using olour
segmentation [ EBOL ] http: //
www. unibw -muenchen
de/canpus/A. RT 6/PDF/A ColSeg pdf, 2003-11-28

[11] ™ 1

,200Q 272-298

[12] : MM X

[J] , 2000, 14(1): 27-31

(LiM G, Guo J A parallel recogntion algorithm
based on frake MM X and its gpplication [J] J o
Chinese Inf ormation P rocessing, 2000, 14(1): 27-31 )

[13] Borenstein J, Koren Y. Real-time obstacle avoidance
for fastmobile robots[J]. IEEE Transon Systean, M an
and Cybernetics, 1989, 19(5): 1179-1187

[14] , , .

[J] , 2004, 14(2): 63-7Q

(Chen E K, YuJ Z Wang S The study on fuzzy
ocontrol of motion orientation of bio-mimetic robot fish
[J] H ith Technology L etters, 2004, 14(2): 63-7Q )



