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Abdract: For acdlassd grict feedback nonlinear sygem ,a nonlinear adaptive controller wasfird invedigated. The desgn pro-

cedure used backgepping method based on DBANN (Direction Bass Neura Network) . In each sep of backgepping a virtual controller
was desgned by introducing a suitable Lygpurnov function. In the lag gep the sngular-free red ocontroller was syntheszed. The tuning
lav of NN weights was derived from the sdlected integrd Lygpunov function. S the gahility of the closed loop can be guaranteed.

Then the proposed scheme was goplied to desgn an excitation controller for one power sygem with unknown di gurbance and unknown
parameters. The mulation shows the vaidity of the proposed method.

Key words: ronlinear adgptive ;DBRNN ;excitation cortrol ; backstepping ;UUB
uuB . -
1 181
(SQrict Feedback) ,
: (Backstepping) :
(12]
2
Backstepping n
SISO ( ). n ot (% -
’ Lyapurov ’ X.i =fi(x) + 6 (X) X1,
Xn=fa(X) + (X u 1<i=<n-1 (D
Lyapurov ) . y=xi _
X =[x, %, %17 R, x=[x,%x, ,x]" R,u
(2 51 [2] R,y R ) ) i), a ()
) SISO i=1, n,
[6.7] (DBF) Ya- ~
, 1 go >0 gi (xi)
. DBF go=l g (x)| =g (x), % R. , go =
, n SO Backgepping g (x) =gi(x), % R
Lygpurov ' X6 =[Ya, Ve, Ly@1T R
:2003-11-20; :2004-03-05

(No. 90207008)



1 :  DBAWN 1767
i=0 ,n-1
) Xi.i=0. .n-1 X , , - Z,  PBo(x O +ay) .
. Xdi , 1 n X V52=Vz1+Zzl32(X2) Zz"'I 20[ Xa X
Qdi CR ,Qdi i "
@2! 1 0 +05) .
DBF ©:s(2) =ep * Xm e ©
1
1- ©ws Z,b
- 57 , z , b
i 1 Z-20 Md &
- 2 h . (1) IO L .
DBF n-1 RBF

s(2) =ep(- (Z- b) "(Z- b)/ (DY)

1

h(2):R" >R, DBF
h(2) =w’'s(2) +u @)
Z Q,CR"|HU| ¥ .Q, M .S(2)
=[1,s, sl W =[wo ,wi, ,Wn]
,Wo' . W
w’ , :
Y=wW's(2-w''S(2-H=WSs(2-p )
3 Srict- Feedback
n (0, Bi(x) =g (%)
g(x),i=2, n,h(z) Zi , DRBF
thi(z) =W 'S(2) +4i, VZ Qg,i=
1, ,n :
Wi =W'S(Z) - h(2) =W'S(Z)-H; 4
n , n
Lyapurov Vi Oy.

(1) i=1 Ji.e:xs=fi1(x) +
g1 (x1) X2, X2 Zr = Xp -
ag,

a1=1 gi(x)[ - k() zz- WiSi(2Z)] (5
iz =f1(x) + @ (x) (2 +01) - yq, Vz1=fdlq31(0+
Vo) @,
Vzlzzl[g_l(xl)(Zz"'al) +h(2Z1)]
- k() 2’ Wiz + 201(x) 2 (6)
hi(Z1) =B1(x0) f1(x) - ya ;[31(921"' ya) & VAR

1
e v YT Rok(0 =20+ [ 0662+ ) 8),

W=l [Siz1- 0], M w =T & >00w >0.

i=2 , X =fx) +92(;2)X3 (7
X3 , (6) Oz, zZz=x3-0y,
Z2= X - A1 =f2(X2) + g2(X2) (z3+005) -y (8

Y4
Ve = Vz +J.0-2q32(X1 O +0,) @,

a;

o Z.
=01[ zB2 (%) -_[0 ‘Bo(x 0 +0) 16 (108)
. o, — @, e
_a _ e .
(2) ;= 6;1X1 +0; 0 = aXledl+ lel (10b)

Vo=- k() Z- P12+ z0(x) 2

+2[ 2 (%2) (23 +05) + hp( Z) ] (11
_ _ - 1 B,o(x 02 +0ay)
ho(Z2) =B2(x2) f2(Xp) + Xlzzj-oe X E)Xj =
1
-8 -a; OBz(quezz +0,) & (12)

Z=[% 01, 8 9 wi]T QnCR,

-a(x)za- k(t)z- WS(2)] s ke (1)

FACAL
1
=§];(1+J-0992(X1,922 +0,) @) £,>0.

Wo =T w,[ 28 - Ow,Wo] M w2 =Mz >00w >0 (13)
(12)

2
Vo= - Y Ik(07° Wzl + 26:00) % (14)
i£
k i=k ,3=<k=n-1,x=f(x) + g(xQ Xc+1
Z- —
Vs = Vs(k- 1) +I0 k(13k(xk_1,0 +0,.q) @,
ay

Gk:TJ—_[ - g1 (1) Ze- 1 - ke () Ze- WRS(Z) ] (15)
gk (Xi)

Wi =T w[ S(Z) - O] T we =T wx >0 (16)

Ve = - _Z[ K (1) Z+Wi] + z- 106 (X0 %.

n Zn:Xn'an-lv :Zn:Xn'an-l:fn

(x) + gn(X) u-0p.q,

z
Vsn:Vs(n-l) +I0 q3n(xn-1,0 +un-1) o (17)

Lyapurov

. . ) z Bo(X. 10 +A,. )
Vsn:Vs(n-1)+ZBn(X)Zn+IO ng BolXn-1 n-1

6;n-1
. B (. Lo+a )
X 1@ T0 @ a 01 ® (18)
R FET ) @ -
a,. 1= o, Xj+Wh. 1= Z ax [fi(X) X+1]{ +Wq-1(19)
n-1
o, [ PR
_ Zn-1-,  Ln-10,
Wp.1 = IZ[ aXd‘ Xq + 8\/\/] WJ (20)
‘W,j=1, ,n-1 n-1



1768 2004
(9 (11 (s), xd
. nt - X g ) XT
Vsn:' iZ[kj(t)z?"'qu%]+Zn»1gn-l(xn-l)zn X, me ,Pe
+2a[ gn (%) U+ a(Z0) ] (21) E1E2. Pn = Puo P

8n(xn-ly_ezn+un-l)
aXn-l

. :Xn- 1@ 'an-ljézn(;n-l’eznﬂxn-l)@ (22)

1
() =B () fa (xe) + 2nf 0

— oy

&g
Zo=[X%n On-1, y(*)n-l]T QZnCR2n+1

aXl ’ ’ aXn. 1

U:E:(IT)[' @1-1(;n-1) Zn-1 - kn(t) Zy - WnTSn(Zn)] (23)

1
a0 =5 (14 [ 000501 82040 D) @ £,50 (29

Wo =T ol S1(Z0) 20 - GunWal T =7 >0 (25)
Van = - Z[k,-(t)z?w,-z;] (26)

N 1 < i

Vo= Vet iZWT W

1 (1) (1) (23)
(25)
(1)
Z

Qz=(z 34D =w, 3 IW ||25Aﬁ’_—1),xd,- Q4

(27)
(2 :
1t x; 2
lim J’O S o izq (28)
Zzzi(t) <2vi(0) e+ Se V20 (@)
G,Vs(0) A . [2]
41,
4
[8] .

O (1) =w(t) - Wy

. Wy D W t) V.
W="Py,- (@(t) - W) - S (t) +€4
M M d

MX s
. - X
Eo() =7 Ea() + 70 Ve (0 + Ve (D) 465
(30)
(1) ( ), W (1)
(rad/s) ,Wo = AT g, fo ,Eq(t) q
X d Vi (1) ( )M
(s),D Vs
s Too Td

"Po= EqVsdMo Xgs.

% =0 -0, %=W-W,x3= Eq- Egp, B,
X1 = X
X2 = OiXp + thXs + 3 (X3 + Xa) (§Do- SNO@o+ x1)) +€1
X3 = dy X3 + 0s00S( X1 +00) - 50D o + s U+E 2

y=Xu
(31
- _ D _ WoVs WoVs
u=Vi- Vo, th = - M y O = - dezﬂfﬁo,de MX g5
Xg- X
S VIV,
X
Xt gz = Xgt xrt X, Pe= BB/ Xgx, To=""
d
To. (3]
3
U= - G22- k() z- W 3S(Z) (32
a;=[- ki(z- WiSi(2Z) 1/ g,
=] - g1z1- k() 2- WoS(2) 1/ @z (33

2=X- Y4, 2= X-01,23= x3- 02, k(1) =2.4, k(1)
=1.9,ks(t) =2.6,9:=1.0,9,=0.01, gz = - 0.12.

,8,16,25. 0,
(16) .
8
1) .
x1 o i
(vd- y0) =5%.
1
‘00 10 20 30 40
t/s
1
0.2
F o
g
(y-y0) (), (yd- % o s,
yo) (- - ). % o1
) 02
2 0 20 s 40 80
10
15 €, 2 E1f2
€7
5
DBF SISO

Beakstpping ( )



11 : DBANN

1769

[1]

[2]

[3]

[4]

[5]

Lygpunov ,

Lu Qang ,Me Shengne et d . Backstepping desgn of ronlinear hrin-
finity excitation cortroller[J] . Science In China ,Series E 2000 ,30(1) :
69- 78.

T Zhang,SS &, C C Hang. Adaptive neurd network control for grict-
feedback ronlinear sysems usng backsepping desgn[J]. Autorretica
2000 ,36(12) :1835 - 1846.

Hunt K ,Sbarbaro J D ,Zbikowshi R, Ganthrop PJ. Neura networks for
oontrol sysems-a survey[J] . Autometic ,1992 ,28(6) :1083 - 1112.

M J Wills, G A Montague et d. Artificid neural networks in process
edtmetion and control [J] . Autometica ,1992 ,28(6) :1181 - 1187.

Ceo Wenning , Fengheo , Wang Sroujue. An adaptive corfroller for a
classdof ronlinear sysem usng direction bagsfanction[J] . Chinese

[6]

[7]

(8]

Journal of Hectronics,2002 ,11(3) :303 - 306.

Wang Shoujue ,Shi Jingpu. Direction bas sfunction networks[ A] . Peper
#58 ,IJONN’ 98 C] . Washington ,DC ,1998. 112-116.

CAO Wenming,FENG Heo ,et d. Approximetion with direction bass
function neurd networks[ A]. Proceedings of IEEE TENCON' 02[ C].
Beijing ,China ,2002. 1290 - 1293.

Lu Qiang, Sun Yuarzhang. Decentraized ronlinear optimel excitation
control [J] . IEEE Trans on Power Sygtems,1996,11(4) :1957 - 1962.

1977 10

1977 1



