23 1 2008 1
Vol.23 No.1 Control and Decision Jan. 2008

: 1001-0920(2008) 01-0060-05

1.2 1.2 3

(1. , 273165; 2.
, 221116 3. , 110004)

L yapunov , ,

: TP273 A

Satefeedback sabilization for a class of highrorder stochastic
nonlinear sysem

DUAN Na'?, XIE Xuejun"?, ZHANG Si-ying®

(1. Institute of Automation, Qufu Normal University, Qufu 273165, China; 2. School of Electrica Engineering &
Automation, Xuzhou Normal Univerdty, Xuzhou 221116, China; 3. College of Information Science and Engineering,
Northeastern University , Shenyang 110004, China. Correspondent : XIE Xue-jun, Email : xxj @mail. ¢f nu. edu. cn)

Abstract : For aclassof high-order stochastic nonlinear systems, the problem of state-feedback stabilizationis studied.
Based on the adding a power integrator technique developed recently , by appropriately choosing L yapunov functions
and design parameters, a desgn procedure of smooth state-feedback backstepping controller is presented to guarantee
that the equilibrium at the origin of the closed-loop systemis globally asymptotically stable in probability.

Key words: Highrorder stochastic nonlinear systems; Statefeedback; Stabilization; Backstepping; Gobally
asymptotically stable in probability

1 X=[x,%x, ,x]' R u R
: ;h(x) R % (0)
%=l 4B, i=12, n- L =0 C =D, xR
%o = U+ (8. o 7 @.F. P
Wiener Q F P o-
L pi =12, ,n, p=1 |,
p=21
) ' ’ p=1
[7.8]
2 Lin  Qian®®
(1), : Pan Basar , [9]
' L yapunov
: Krstic  Deng!***" 4
dxi = xfadt+ # (x)do, i =1,2, ,n-1; L yapunov ,
dxa = uPdt + & (Xa) do. (2 ,
1 2006-08-30; 1 2006-11-20.
(NCET-05-0607) ; (60774010) ;
(07KJIB510114) .

(19819, , , ; (19685 ,



1 61
[12] , [13] f(0) = 0,g(0) = 0.
1101 £ >0,
. KL B(.,) Pl x(t) | <B(l x| .} =
(2), 1-£,Vt=>0,Vx R\{0}, (3)
L yapunov x =0 .
2t (3), c
V (x) Ko a; 0, K Az,
2 a: (] x]) €£V(x) <0z2(] x|),
R. [0, + o), X' X LV (x) =
Tr(X) X e N (X) 1 T_&L(_X)_
2 c i ox T ToTY T 9 <
K 0 R R -0s(] x[),
- Koo K R. X R. (3 [0, + o) , X
R. B(s,©) KL tB( .1 = : LV (x)
K, sB (s, ) Iliﬂr];ﬁ(s ) =0 V(%) (3
3
1 xi,y zi(i=1,2 (2,
Ti=12 0D.,%=[x,%, ,x], 1 ¢ (x)
'R -R g:R" =R, pi(:),
pll Mi >0 hli:Rl—>R,hz: |¢?(X_|)|S Zl Xj p(X| ,
R+1 —»R, -
| xP2[(y + xigu (X)) P - (xigu(X))°]] < b= o M.
M, X272 +] y|2p+2 he (X0) (2)
| Y2 (2 + + 2+ y)g(z,y) | <
_p_ 2p+2
2p+ ol Bl
| ZI|2p+2) +| y|2"+2hz(z_|,y). Z1 = X1,
Zi = Xi -Ui-l()Ti-l) , i =2,3, ,n, (4
M. _h+2 C})_p_3_ i1 (Xi-1) . 1t6
2p+2 2p+2 (2 (4)
+Cg-12-pil, dz :d(Xi ail(X_il)) =
2p+ 2
hl()T,) = X|+1 - Z aX| X|+1 -
—h d)-p—l (X)) | BT
2p +2 apeal @) z i ~ - (%) o (X))t +
2 an
+ Cgl_l_l gli(Xi) |(2p+2)(P*l)
2p+2 ’ nfx)ao, i =1,2, ,n (5)
h(z,y) =
p+2 22 Xn+1 = U,
2p+ 2| ®(2,y) "2 +] @ (z,9) | .
- = ; (%) = 4z - 5 e (x)
@z, = @) h(z,y) = k(). MOa) = G0a) - 5 “ox A0
[3], Sep 1 1 (4)
: | &(x) | €] 21|b_1(21),
dx = f(x,udt+ g(X)dA). (3) le(Zl) =p1(x1). (6)
'x R ,u R" W R 1 Lyapunov
Wiener . t=0 X
! _ _l_ p+3
R ,f:R™ R g:R —R™ Lipschitz Vilz) = 7 d )



62 23
Py P L P2 - A (xa)
a;(x1) =- ZlBl(Zl), 2"ab + 2 [ |Z Oxi Xl
Bl(Zl) = ]( ]) —
¢§(xk)¢h(xm)] +
(Cl + W2 +‘p—22f'][5§(21))uID (8) 2 z anaX
© LT G () 1. (13)
LV, = (4) ,(10) 1 Pi(-)
2+ BT () o (x) ] < Pul) |
- - A+ (- alb) (9 | A(x) | < > x| pi(x) <
ca,d >0 . i
Step i( ) i-1 Izllbi(Z)+2"'ljZ(| z|"+
Gla). fealay) ERNSCRICE
ai(x1) =- zPB1(z), Qii(Xi1) = _
Zi-]Bi-l(Z_i»l), (10) Zl ZJ Z
Bi(z), Bi-l(Z_i-l) >0 i-1 [ni(x) | <
L yapunov i o
‘EEI zi | Pi(z) +
Vii(z, ,z-1) = p+3, ZZP+3
Z| lejlb(zl)l)
LVii1 <
i-2 Z| Zjlbil(Zi . (14)
- Z(Cj,i-l, 12p+2 + dj,i-lZ?p) - G- 1Z|2p+2 - !
j (4) ,(10) 1
a1zt + Zp+2(X| -alq). (11 Zip-+12(Xip -afy) =
ZiR+12((Zi +0i1) P -afy) <
Ci1=Cio- —D Mi.1 272 + ZizPJrV il(Z_i-l). (15)
i, i 2p+2°
dii-1 = dji-2 - =2 LDLZ)_U__D', _p_2_ _p_3_
2 4 Mi- 1 2 C1B
. . p+ 2 2p + 2
j=1,2, ,i-3, +Cg_12+|
G2i1=0G2- Mio- P 2p+ 2’
| 2p+2° yil(z_i-l) =
. - i - - + . = -
dl 2,i-1 = dl 2 2 4 ’ _p_ + C]F.J - .izf)p;lz(zi_l) +
2p + 2 2p +
Mi.2 = = M =
p- 1 2p+2) (p-1) (27
p+2 + p+3 + + cp—lZ_le + G 2p+iB'-l (zi-1) .
2p+2 P2p+2 P 2p+2° 1 Young
G-1>0,d.2. >0 2. : )
L yapunov | zi| " }il Il z.. +0;|° <
2Y) = V. - —1 _ps —
Vi(zi) = Vi-1(zi-1) + p+3Z| , (12) Zl Zi|p+2| Zj|'Vi2(Zi-1) <
(11) .
(5 (11) 2p + 2 Z 202 4 27 (7). (16)
LV £
S (@B ) - 0 - T (z) = FEE @) 4@
z i.i-1Z] ji-1Zj Yiza(zi-1) = 2p + 2 o (zi1 Yiz(zi-1).

p+2 p+2

dIlZIl+Z (X| - Il) + Zi (Xip+l'

Gip) +

(14)



63

-1

+2_l.
2]’ z| anaXm
| d(x) I ¢n (Xm) | <

| z.|p+2‘l zy.g(z. D (| () |°
| $n(Xm) |%) =
(i - 1) Z' z | "Yi(z1) | B(X)|? <

(i-1) ZI zi | " i (zi1) nzznb () =

(i-1) ZZZVus(Zu ) |z P Wznp m(zm))

2 ‘sz"’ +

J—lzzf’”v 2 (z.1) Z zm 2 (zm) (17)
(16)  (17)
i-1 ax ;»

p+2 p
Zi [- Xi+1 -
|Z oxi

R (1) _
2 z OXk 0Xm (h((Xk)(bm(xm)] =

|Z||p+ZZ‘

-1
+_l_ _I_l_(_l_l.)_

| 2™ z‘ 0% 0xm |

| () I () | <

“ Zj1 +0G | P+

2p+2 Zzzp+2 + Z|2p+v |2(Z| 1) +

Sy
J—122f’*"y % (1) IZ an (zm) (18)
(13) . Young

i-1

(P+2) 31 21" z1Ph(z) <
J%ZZ 707 4 J%ZZ 274 (7) <
.(_D_Z)_(_I_l). fp+-pL2i-lz4p+
D%
'(‘pLz)_(‘l-_l)'zisz?l(z_i),
zzp*w z || zn | DPA(Z) <

_(_p_Z)_(_I_l)_ Z 22D 2 (Z7)

_(_DLZ)Z(_I-_D_ jzzéjlp +

(p+2)(i-1)2 2
4 bll(Zl . (19)

(14 (19,
%Tr[zrhi(mn?(x‘i)] <

'DLZZ.P+1 Z| Zj|bi1(2_i))2 =

PELD4(z) + (p+ D) z| A

P4 (Z) + P2 2z’“| 2| zn| Ph(z1) <
mz)gu'_llz?”*b?l(z_i) +_(_r)LZ)zl(_l_:L)_2
2p+bll(2l) +-p_2 3p+bll(2l) +
_(_DLZ)Z(J‘_J-)_Z?D + -(-D%Z)_l Z Z‘jlp. (20)
yil(z_i-l) ,in(Z_i-l) ,yN.z(z_.l) ,yiS(Z_i-l)
. i

ai(x) =- Bi(z),

Bi(z) =

(C. + diz?"? +yi1(Z_i-1) +yNi2(Z_i-1) +

_(_DLZ)_(J'_l).pzitl z
5 (z1) +
_(_DLZ)Z(J'_D_prl(Z_I) +

i-1 i-1

St AERY S 3]+

_DLZZIpJplzl(Z—l) + _(_DLZ)Z(J-_].)_Zizp_Z)llp'

(21)
-~ —P
le - Cj,|—1 2p+21
di = dji-1 - L-1 > -,
2 4
j = 1121 !i - 21
- Mmoo —P
C-1,i = G-1 Mi-1 2p+2°
di-l,i = di-1 - i-1 - '('DLZ)_I
2 4
(15) ,(18) ,(20) (21) (13)
LVi(zn,2, ,z) <
i-1
Z(Civizlgm + diizf®) -
6z™? - dizi® + 2P (xPa - al)
¢G,d >0 Bi(Zi) >0



64 23
Sep n ( References)
u=- zB.(zn). (22) [1] Marino R, Tomei P. Nonlinear control desgn
geometric, adaptive and robust[ M]. London: Prentice
n-1 Hall , 1995.
LVn < - J_Z(Cjnzj2p+2 + dinz®) - [2] Krstic M, Kanellakopoulos |, Kokotovic P V.

2p+2 4
Cnan+ - annp,

VI 16 E ]
J 2p+

n-1 n
. _p+2
di ZZk 4 kilk,
_ p+2 p+3
M’_2p+2+01p2p+2+ "

Cp-lz_le
P 2p+2!

1
p+3;

Cin = G -

din

i=1,2, ,n-1.

Vi = nZzi"+3;c.1,dn>0

2 (22

¢ > |V|j+'p_('n-_")'
2p +

j:1121 ,n'l,Cn>o,dn>0,
c=mn{cn, ,Crin,C},
d = m|n{ dln, ,dn-l,n y dn} y

LV, < - cAnZz?"*2 - d_nzz?'“. Va

2 . O

, L yapunov

Nonlinear and adaptive control desgn[M]. New York:
John Wiley , 1995.

[3] Lin W, Qian CJ. Adding one power integrator: A tool
for globa stabilization of highrorder lower-triangular
systems[J]. System and Control Letters, 2000, 39(5) :
339-351.

[4] Lin W, Qian C J. Adaptive regulation of high-order
cascade nonlinear systems: An adding one power
integrator approach[J]. System and Control Letters,
2000, 39(5) : 353-364.

[5] Qian CJ, Lin W. Almost disturbance decoupling for a
class of highrorder nonlinear systems[J]. IEEE Trans
on Automatic Control , 2000, 45(6) : 1209-1214.

[6] Qian CJ, Lin W. NorrLipschitz continuous stabilizers
for nonlinear systems with uncontrollable unstable
linearization[J]. System and Control Letters, 2001, 42
(3) : 185-200.

[7] Has minskii R Z. Stochastic stability of differential
equations [ M ]. Rockville, Maryland: S & N
International Publisher , 1980.

[8] Kushner HJ. Stochastic stability and control[ M]. New

York: Academic Press, 1967.

[9] Pan Z, Basar T. Backstepping controller design for
nonlinear stochastic systems under a risk-senstive cost
criterion[J]. SIAM J of Control and Optimization,
1999, 37(3) : 957-995.

[10] Krstic M, Deng H. Stability of nonlinear uncertain

systems|M]. New York : Springer , 1998.

[11] Deng H, Krstic M. Output-feedback stochastic
nonlinear stabilization[J]. IEEE Trans on Automatic
Control , 1999, 44(2) : 328-333.

[12] Wu Z J, Xie X J. Adaptive backstepping controller
desgn using stochastic small-gain theorem [J].
Automatica, 2007, 43(4) : 608-620.

[13] Wu Z J, Xie X J, Zhang S Y. Stochastic adaptive
backstepping controller desgn by introducing dynamic
signal and changing supply function[J]. Int J of
Control , 2006 , 79(12) : 1635 1646.



