Available online at www.sciencedirect.com

SCIENCE@DIRECT" S)YSTGMS
€& CONTROL
LETTERS

www.elsevier.com/locate/sysconle

ELSEVIER Systems & Control Letters 52 (2004) 123-135

Reduced-order observer-based control design for
nonlinear stochastic systems™

Yun-Gang Liu®®, Ji-Feng Zhang®*

2 Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100080, China
bSchool of Control Science and Engineering, Shandong University, Jinan 250061, China

Received 15 July 2002; received in revised form 10 November 2003; accepted 18 November 2003

Abstract

In this paper, we investigate the stabilization control design problem of nonlinear stochastic SISO systems in strict-
feedback form. By introducing a novel reduced-order observer, an output-feedback-based control is constructively designed,
which renders the closed-loop system asymptotically stable in the large when the nonlinearities and stochastic disturbance
equal zero at the equilibrium point of the open-loop system, and bounded in probability, otherwise. Besides, the obtained
controller preserves the equilibrium point of the open-loop nonlinear system.
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1. Introduction

Global stabilization control design for stochastic nonlinear systems has been being a research topic under
intensive investigation recently (e.g. [1-3,8—10]), which is based on recursive applications of cascade designs,
such as the well-known integrator backstepping method. Khas’minski and Kushner, etc. presented the basic
stability theory of the stochastic control systems in their classical books [6,7], and introduced two important
stability notions, bounded in probability and asymptotically stable in the large, which have now been widely
applied. It is well known that how to deal with the quadratic variation terms is the key to stochastic control
design. Methods in existence is realized via restraining the stochastic disturbance by increasing the power of
the state variables in control laws (e.g. [1,3]) or enlarging the power of the feedback capacity (e.g. [8,9]). By
using quartic Lyapunov function, asymptotical stabilization control in the large was presented in [1-3] under
the assumption that the nonlinearities and disturbance equal zero at the equilibrium point of the open-loop
system. In [8,9], the authors investigated the optimal control design problem under risk-sensitive cost function,
and pointed out that if the control goal is to stabilize the closed-loop system, then it is not necessary to require
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that the nonlinearities and disturbance equal zero at the equilibrium point of the open-loop system, although
it seems unavoidable for asymptotical stabilization control.

The controls in [3,9] were based on complete state feedback, and the controls in [1,8,10] were based on
output feedback and full-order state observers. From [1,8,10] it can be seen that when the stochastic noise
equals zero, the state estimation error depends only on the initial condition instead of the output or state
process, and converges asymptotically to zero. Recently, in [5], Jiang gave a reduced-order observer with
a special structure for deterministic systems. Compared with [1,8,10], an extra nonlinear term depending on
the output process appears in the state estimation error equation. Generally speaking, this nonlinear term is
not zero, and may affect the asymptotical convergence of the state estimation error, even when there is no
stochastic disturbance.

In this paper, we study the output-feedback stabilization control design problem. By introducing a novel
reduced-order observer, the above-mentioned extra nonlinear term appeared in the state estimation error equa-
tion (e.g. [5]) is removed, and at the same time, all the advantages on the asymptotical convergence of the
state estimation error of full-order state observers (e.g. [1,8,10]) are preserved.

The paper is organized as follows. In Section 2, some notations and preliminary results are introduced. In
Section 3, the problem to be studied is formulated. In Section 4, a novel reduced-order observer is presented
first, and then a control is constructively designed to ensure the closed-loop system bounded in probability or
asymptotically stable in the large, depending on the conditions on the nonlinearities and stochastic disturbance,
respectively. In Section 5, an example is given to illustrate the design method proposed in this paper. In Section
6, some conclusion remarks are given.

2. Notations and preliminary results

In the sequel, we will use the following notations. For a given vector or matrix X, X* denotes its transpose;
|IX]| denotes the Euclidean norm for vectors and the corresponding induced norm for matrices; tr(X) denotes its
trace when X is square. For a given vector x = (xy,...,x,), xj; denotes (xi,...,x;)"; xp; ;) denotes (x;,...,x;)";
x denotes 1is its estimate associated with a observer, and X denotes the estimation error, i.e. X = x — X. For
a given scalar number x, |x| denotes its absolute value. ; denotes the identity matrix with i-dimension. €
denotes the set of all infinitely differentiable functions. For simplicity of expression, we sometimes omit the
arguments of functions when no confusion is caused.

For systems of the form

dx = f(x)dt + h(x)dw, (1)

where f(-) and A(-) are locally Lipschitz in x, and w is vector-valued Brownian motion defined below, we
define a differential operator % for twice continuously differentiable function ¥ (x) as follows:

v a4
aix)f (x)+5tr { ax(zx)h(x)hf(x)} _

Recall two stability notions for nonlinear stochastic system (1).

LV (x)=

Definition 1 (Khas’minski [6]). Consider system (1) with f(0)=0 and A(0)=0. The solution x(¢)=0 is said
to be asymptotically stable in the large if for any ¢ > 0,

lim P<sup|x(¢)]| =ep =0
Jdm P {sup Ix)] = o
and for any initial condition x(0),

P {tlirgox(t) - o} —1.
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Definition 2 (Khas minski [6]). The solution process {x(z), ¢t = 0} of stochastic differential system (1) is said
to be bounded in probability, if

lim sup P{|x(¢)|| >c}=0.
Cc— 00

0<t<oo

Corresponding to these concepts, we have the following basic theorem, which will play an important role
in our control design below.

Theorem 1. Consider the stochastic nonlinear system (1). If there exists a positive definite, radially un-
bounded, twice continuously differentiable Lyapunov V :R" — R, and constants ¢y > 0, ¢; = 0 such that

LV(x)< —aVx)+c, (2)

then

—_—

the system has a unique solution almost surely;
2. the system is bounded in probability;
3. in addition, if f(0)=0,h(0)=0 and

LV(x)< —caV(x), 3)

the system is asymptotically stable in the large.

Proof. By Theorem 4.1 of Chapter 3 of [6], Theorem 4.4 of Chapter 5 of [6], Theorem 2 of Chapter 3 of
[4] and Section 13 of [4], we can show the theorem in a similar way proving Theorem 2.5 of [9]. [

3. Problem formulation

Consider the following nonlinear stochastic system:
dx; =xpdt + f](xl)dl + q)](xl)dw,

dxy =x3dr + fa(xp)) df + @a(xp) dw,

dx, =x,1de + f(y)dt + @,.(y) dw,

dx,s1 = X2 dt + o1 (1) dE 4 @rpr(¥) dw,

dxn—l =Xn dr + fn—l(y)dt + (pn_l(y)dw,
dx, =udt + fu(y)dt + @u(y) dw,
Y =X C))

where y is the output of the system, which is available for feedback control design.
In [5], Jiang studied the case » = 1. Here we will discuss the general case r =1,..., or n.
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Suppose that system (4) satisfies the following assumptions:

(A1) we R is an independent vector-valued standard Brownian motion defined on probability space (2, 7, 2),
with Q a sample space, # a g—algebra, 2 a probability measure.

(A2) The nonlinear functions f;(-) €% and ¢,(-)€b>* (i=1,...,n).

(A3) The nonlinear function f;(-) (i=1,...,n) equals zero at the origin, i.e. f;(0)=0 (i=1,...,n).

System (4) can be rewritten into the following compact form:

dy =4,y dt + Byx, 1 dt + F,(y)dt + H,(y) dw,
(5)
dx[r-H, n] — An—rx[r-H, n) dt + B,_,udt + Fr+l,n(y) dr + I"Ir-&-l,n()/) dw,
where and whereafter, for any integer i € {1,...,n},
0 1
0
],;1 i—1 0
Al - s B[ - s Cl -
O i—1
0 0---0
1 0
and
S ?1 fi @i
Fl: 5 Hl: > Fi,n: 5 Hll’l:
fi ®i S ®n

To inspire our observer design mechanism, we first give a conventional observer following [1,10] and a
reduced-order observer following [5], respectively.

As stated at the beginning of the last section, we will use Xj,.,; to denote the estimate of xp,,;. Following
the lines of [1,10], we can design an observer as

)é[r,n] = An7r+1f[r,n] + Kr,n(xr - fr) + Bn7r+1u + Fr,,,(y), (6)
where K, , = (k;,...,k,)" are design parameters such that the polynomial ST fs T ks + Ky S

Hurwitz.
Let X[, s) = X[r,n] — X[r.n) be the estimation error. Then

dX (0 = S Xpny At + Hyn()dw, (7
where S, is strictly stable, which, for any integer i € {1,...,n}, is defined as follows:
—k;
Infi
S; =
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Therefore, the overall system with observer (6) in the loop is
dXpn) = S Xppm dt + Hy n(y) dw,
dxp =4, 1xp—1 At + Bro1x- dt + Fr_y(xpp—17) dt + Hy— 1 (xp—17) dw,
dx, = Frat + ) de 4 £,(0)dE + @ () dw,
dXp1,0) = An—sXppg1,m At + By dt + Kypq o X dt + Frypq o(y) de.

Although r states (xj,...,x,) are directly available for feedback control design and only n — r states
(Xr41,.-.,x,) are needed to be estimated, observer (6) gives (n — r + 1) state estimates, including one for the
available state x,, which is unnecessary and results in a redundant dimension of the observer. To eliminate
estimating x, and get a reduced-order observer with (n — r)-dimension, which is actually of minimal-order in
linear system case [11], one natural way is to generalize the reduced-order observer developed in [S] from
deterministic systems to stochastic systems as follows:

ér-‘rl = ér+2 + kr+2xr - kr+l(§r+1 + kr+1xr)a

Ci=Cin1 +kinixy —ki(Crp1 Hhixe), i=r+2,...,n—1,

&=t — k(&1 + k1)), (8)
where k; (r + 1 <i < n) are chosen such that matrix S, is strictly stable.
Let Xppv1,0 = (&1 + kg1Xr, ..., & + kyx, )" be the estimate of xp.11 ). Then, the estimation error X1, =
X[r41,n] — ?,C\[hq,n] satisfies
AR 1 = Sp1 ey i+ f () di + G(y) dw, %)
where

FO) = 1Y) = kit [0 fu(0) = ke f (D))
P() = (@r1(V) =k 10:(¥)s -5 (V) — ku @ (¥))".

Remark 1. Compared (9) with (7), it is easy to see that an extra nonlinear term f(y)d¢ arises. Due to this
unexpected term, the estimation error X7, may not be convergent to zero, even when ¢(y)dw = 0. In
other words, when H, ,(y)dw = 0 and ¢(y)dw = 0, X, given by (7) is convergent to zero, but X1 .
given by (9) may not be.

4. Output-feedback control design
In this section, we will introduce a new reduced-order observer first, and then present a constructive pro-

cedure for stabilization control design. The observer introduced is of minimum-order, in which no component
of xp,1 is estimated. Besides, the observer preserves a nice structure similar to (6).

4.1. Observer design

Denote

q(t) & dy — 4,ydt — F.(y)dt,
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which will play an important role in our observer design below. Then, by (5),
q(t) = Byx, 11 dt + H,(y) dw.
When ¢(¢) is available, the reduced-order observer can be designed as
dX(r 41,0 = DXppy1,n At + By pudt + Fryy ,(y) de + Gg(2), (10)

where D =4,_, — GB,C;_, with G =[g;;] € R("=")%" 3 parameter matrix to be specified so that D is strictly
stable. Unfortunately, due to the existence of the unmeasurable state x,,; and stochastic disturbance w, Eq.

(10) is unfeasible for feedback design. To overcome this difficulty, we introduce a new state vector

¢=Xp+1,m — Gy, (11)
which together with (10) gives
é:D§+Bn—ru+Fr+l,n(y)_GFr(y)+(DG_GAr)y' (12)

Obviously, ¢ is feasible for control design.
By (11) we have X111 = ¢+ Gy and

Xt 1,n] = Xt 1] = Xt 1,n] = X411 — € — Gy, (13)
which implies
Xy 1,m = An—iXprg1,0 At + By_pudt + Fry o(¥) dt + Hgy o(y) dw
—{DE+ Buoyti+ Frir () — GF(») + (DG — GA, )y} di
— G4, ydt + B, C,,_ xppr1,m dt + Fr(y)dt + H.(y)dw]
= DXy 10 dt + H(y) dw, (14)

where H(y) = Hy1.4(y) — GHA(»).
If the last column of matrix G is equal to (k.,...,k,)* and the polynomial s" "4k, 15" "'+ - -4k, 5+k,
is Hurwitz, then the (n — r)-dimensional matrix

“Ar+d
n—r—1

—ky, 0---0
is strictly stable. And so, there exists a positive definite matrix P satisfying
D'P+ PD = —1,_,.

It follows from (14) that if the stochastic disturbance equals zero, i.e. H(y)dw = 0, then the estimation
error Xj,41,, converges to zero. So, by (13), ({ + Gy) can be used to estimate the unmeasurable states

(xr+1> s >xn)f~
The overall system with the observer in the loop is

d'f[r+1,n] :Df[r+1,n] ds +]:[(y) dw,
dy=4,ydt + %1 dt + &, dt + B,C,_,Gydt + F.(y)dt + H.(y)dw,

dé=DEdt + By_,udt + Fy1 ,(y)dt — GF.(y)dt + (DG — G4,)ydt, (15)
which is suitable for backstepping design.
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4.2. Feedback control design

We are now in a position to construct a control u(y,&)€ @ for the overall system (15) to ensure the
closed-loop system bounded in probability and asymptotically stable in the large when the nonlinearities and
disturbance equal zero at the equilibrium point of the open-loop system.

Introduce a diffeomorphic state transform as follows:

1=y, zi=x — a_1(xp—17), 2<i<r,
zi=Cip — 0 (0, Elimr—11), FH1I<i<n 2z, =0, (16)

where o; (1 <i<n—1) are ¥>° functions and will be designed as virtual controls, o, = u(y, £) is the real
control law to be specified later.
Under the new variable vector z, system (15) becomes

d-f[rJrl,n] = D)E[;url,n] dr + I:I(y) dW,
dzi = (zin1 + o) At + Q0 At + Pixp) dw, i=1...,r =1,

dz, = (zr41 + o) dt + X, df + Q,(y) dt + D,(y) dw,

0%y ; .
dz,pi = (Zryip1 + O‘r+i)dt — a; ! X,y dt + Qr+,(y,fi])dt + ¢r+l‘(y, é[,-_l])dw, i=1,....n—r—1,
O0oty_1
dzy =udt = =2 SEep1 dE + Q3 En) At + By(P, Epurr)) dw, (17)

where
2 0o
i—1 .
=@i(v1), D= @ilx) — Y o, GG =27
j=t

a aOcr i—1 .
gzjr—}—i:(f)r-‘ri(y)_ a; (Pj(x[/])a l=1,...,n—r,
i*l /

Ooti_1 1 Doy . .
Q,:fxx[i])—z e AR CTD D W v e U1 S A NS B

j=1 g Jke{l,..,i—1}

r a“rl 1 azaf—l T
Q= [0)+ Y g% — Z [xf+'+f/] 2 2. wen®

/ / ‘ axjaxk(Pj(pka
Jj=1 Jj=1 jke{l,..r—1}
r—1 da
r+i—1
O = i) ~kyosds — 3 0uf +1DG — Gy A

Jj=1 Jj=1

Oy 4i— Oy Otyyi—
_Z [+ 1f/( [/)_ + 1 (51+Zg11x1> Z 62 ! ( r+j§1+§j+1+fr+j
J

i=1

4 1 (32061‘,1 )
+[DG — GA4,];y + Z%‘kfk) 5 Z 3%, 0% Qi i=1....n—r

k=1 Joke{l,.r}

Here [DG — GA,); denotes the ith row of DG — GA,.
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Choose Lyapunov function V(Xj,41,,),2) as in [8,9]:

n
~ ~ - 2
V =% P + Y Sz )z

(18)
i=1
where Z;(z;—11) >0 (i =1,...,n) are €°° functions to be specified below.
By Ito formula we have
LV == Fr il + w{H(IPH()} +2 Z Ei(Zi1 + o + i)z + ZM)EI‘JrIZi
i=1 i=r
- - 62(‘—’122) T TI1TT BT T
*ZZ@ (zji1 + oy + Q)22 + 2Zt [®F,..., O [@F,..., 0 ] ¢, (19)
i=2 j=1 J [r]
where
- 65r+1 - aocr
Mrzz‘:ra Mr — X Z4r — 2841
+1 oz, Zr+1 +1 %
“E» E; 0 oot
) Z 0= oc] L, _ 25, iz i=r+2,...,n

0z; ;o Ox, "ox,

Let X = ()7, g")f. Then by diffeomorphism (16) there exist ¥°° functions ¢;(-) (i=1,..

i =%Xy), i=1,...,n

.,n) such that

Therefore, noticing that ¢,(-) € €°°, o;(-) € €°° and ¥;(-) € > (i=1,..

.,7) we see that @; can be decomposed
into the following forms:

A(y) = H(zn) = HO) + > Hilz)z,

i=1

i
Di(Xp)) = Dilzin) = Pi(0)  + Z Py(z;))zjs i=1,....m,
=
where H(O) =H(0)=

H,:1.,(0) — GH,(0) can be used in the control design.
Then we have

w{A(y)PA ()} =tr{ H(0)+ >~ Hilz)z: | P ﬁ(OHZﬁi(zmzi] }
i=1
< t[HO)PHTO)] + > tr{[2H(0) + rHi(z)zPH (z) 2 (20)
i=1
and
FE; z2 2 0% z; ® 2 T

n 0z2 ! Ozyi—
Z {a(“’z)[@ LT[, } Ztr i e
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0*E; .2 0F; ?,
:l - tr 52[2,-_1] 52[;‘—]] :
2 & 2( 0F; ) 0 '
0zji—1 P
n i—1 i
+D B [ 900) + Y Byi(z))z; + Pz )z
i=1 =1
525[ -, ) 0Z; o
|| T TR
e ( - ) 0 &,
0zfi—1] i

n i—

Control Letters 52 (2004) 123—135

T

D,

®;

[ i—1

Bi(0) + > Pii(z)z; + Piilzi)zi
L j:l

r T

D,

n
zi+3 Z Zil|®i(z)|*27
i—1

P;

n 1
133 E80))7 +33 i =1y )1PE 2
i=1 i=1

j=1

By substituting (20) and (21) into (19) we have

2V < ~[Fpanl? + o {AOPH0)} + zr:tr {[28000) + rfizp)ai] PAI G } =

i=1

n i—1

0 =
+225i(2i+1 + o4+ Qi)zi + ZZ %

p i=2 =1

; 1
2 2.2
l(Zj+1 + o+ Q)z + 26, E M;z;

n

l

0%5; ., 08, @, &, 1°
n 2 !
mn—r+leg, . o 1 aZ[i—l] Oz(j—1)
At by | S
i=1 2 —1 0
(32[,;1] P, P

n i—

n n 1
3 " E | Bilz)|P27 + 3D EillB(O)* +3D 05D E By |PE
i=1 i=1 i=1

where we have used

j=1

- 1 &1 . .
MiX, 1z < —Ml-zzl-z + ?(.xr+1)2, i=r, ...,n and Ve > 0.

28]

Choose the weighted functions as

Ki

= = i—1 ——1) 7 >
L+ [[@,0)]12 + X252 25| Dy 2

[x]

i

131

(21)

(22)
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where x; (i=1,...,n) are positive constants to be specified. Then from (22) it follows that

n
LV < —a|Fpal’ - Z%’Eiziz
i=1

" _ _ E;(0)
+2 i |0 — a,‘()([,‘]) + O(,‘(O) pe Zj + Co, (23)
ZZ:; [ di(z[i—l])|Z[171]:19171(X[i71])
where
- 1
g1 rtba 24)
2
- 1 1
p=B—3> jg——, i=lL..,n—1 and 7,=p——, (25)
J=itl &2j &

7 — {91 VY R e {[21(0) + 7 2 )ZI]Pﬁi(m}}

2 B )
Z1=X1
D O U T “ i {[2H(0) + rH PH?
e R e Y e 2E[tf{[ (0) + rH i(z;i))zi1PH  (z11) }
625, z 2 65, D,y Dy ’
R 0zj;_y 0zj—1] _
451. 2 65, T 0 . .
az[,»_l] (Di (pi
i1
z; 0= 3z, = )
— 2N T g oy + Q) — 2Bl ,oi=2,,r— 1,
2.’_1,' — Ozj 2
/= 21 =10;(Xp11)
P O T . tr{[2(0) + rH ()2 1PH (21} — ——M?
2 2Z, 2=, 45,6,
aiﬂr . 05 o] (o]
1. 02,1y 0z7—11 ) .
4Er 2 65, T 0 . N
Oz[,_l] (Dr (Dr
r—=1 A~
Z 05

r 3z, < 2
e 2%, (zjp1 + oy + ;) — TH‘DW(ZV])” ,

2 =0,(Xp)
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Bizi  Eioy z; ) 3z

o =< —Q; — — i1 = M ¢u 2
* 2 25 77T 4Eg 3 12itz)l
82:1 zZ 2 aEi @1 ¢1 ‘
L Oz _y) 0z(i—1) , _
4z, o5 \* 1 :
2 d 0
(32[1;1] (pi qji
6_ .
72:' (zj+1+<x,+Q) , i=r+1,...,n,
/=1 20 =0:(X[11)
c2 = tr{HOPH (0)} + Y (3 + e21572(0)). (26)
i=1
Here f; (i=1,...,n) and &; (i =1,...,n) are positive constants to be specified.

In (23)—(26) we have used the following inequality:

[z0) By o
ZZHZO(Z(O)ZI Eizp-1) < Z [%Zi + Ei(0)e(;(0)) }

n —
<> [;le + Ki82i(o_(i(0))2:| :
i=1

If we take oy, ..., o, as

=0
(Xi) = (X)) — oz,»(0>\/ _ © @7

‘—‘i(Z[i—I])|Z[[—l]:19i—l(X[i—l])
and set
U= oy, (28)
then from (23) it follows that
LV < = &|fpnmll? =D niZiat + o (29)
i-1

From the above design procedure we see that the key point is how to choose the positive parameters ¢,
Ki, &; and f; (i=1, ..., n) such that

>0, =0, 79>0,....,7,>0. (30)

The following lemma tells us a method specifying these parameters.

Lemma 1. For any given positive constants k; and &; (i=1,...,n), if 0 <& <2/(n—r+1), B, > 1/ey, and
pi>3 27:,-+1j’€j + 1/ey; (i=1,...,n—1), then the inequalities in (30) hold.

Proof. The result comes directly from (24) to (26) and conditions 0 < ¢y <2/(n—r+1), x; > 0 (i=1,...,n),
e >0 (i=1,...,n), B > 1/ezs and f; > 3377, jij + /ey (i =1,...,n—1). O

We now summarize the main result of this paper in the following theorem.
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Theorem 2. Consider the nonlinear stochastic system (4). Suppose Assumptions A.1-A.3 hold. Then a
reduced-order observer-based feedback controller can be constructively designed so that the closed-loop
system admits an almost surely P unique solution on [0, 00), and is bounded in probability. Besides, when
@(0) =0, the closed-loop system is asymptotically stable in the large.

Proof. Actually, we can design control by (27) and (28). In this case, we have

LV < —c 1V +e, (31)

where ¢; = min(El)L;alx(P),yl,...,y,,). Note that 7 is positive definite, radially unbounded and twice contin-

uously differentiable function in terms of states of the closed-loop system, then by Theorem 1 we conclude
that there exists an almost surely P unique solution on [0, co) to the closed-loop system, and the solution
process is bounded in probability.

If ¢(0)=0, then we have H(0)=0, ®;(0)=0 and &(0) = 0. This leads to ¢, =0 and
LV < — V,

which together with Theorem 1 implies that the zero solution of the closed-loop system is asymptotically
stable in the large. [

Remark 2. Clearly, from (27) we know that the virtual control laws o;(i = 1,...,n — 1) and actual control
law u = o, preserve the equilibrium point of the open-loop nonlinear system.
Roughly speaking, the smaller the parameters x; and &y (i =1,...,n) are, the smaller ¢, is. This together

with (31) tells us that if we want to get a small static upper bounded for the states of the closed-loop systems,
then we should take small x; and &; (i=1,...,n).

5. An example

We now give an example to illustrate the design method proposed above.
Consider the following two-dimension stochastic nonlinear system:

dx; =x, dt —&-xf dt + x; dw,

dxzzudt—l—xfdt—i—xl dw, y=ux,

where w is a scalar Brownian motion satisfying Assumption Al.
In this case, n=2,r=1,4,=0, Bi=1, C, =1, D=4, — GB,C]{ = —¢, and the estimate of x, is given
by X5 £ &+ gx, where ¢ is generated by

fz—gé+u+x$ —gx% — ¢*x1.

Here G =g is a design parameter.
Following the design method described above, take

zZ1 = X1, Ei =Ky,

)= 2P 3 xid=gP s, G fon (1-9)°
A T 2 &5 29 ! ! 2 29K "

zp=E&— oy (xy),
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—_ L%] K2
2(z1) = — = — ,
1+ 27N = 0oy /oxy 2 1+ w1422 4+ B+ B1)/2 + 2(1 — 9)/(gK1)z |2
; Ja. z, E z; OF
o (x1, &) = —xf—gg—gxf—gle—a—l(xf + Egxy)— @_Tlxl_ 2 "2+ o +2))
X1 2 =) 2.:2 621
25,° 05, .
—— 2 X1 X1
1 Pm, L T P T ; ;
2 a7 45, 05 _ & _ ’
! 272 0 i ﬁxl H M 6x1 XI
0z z1=x1, 2=~ (x1)

where f51, f2, 1 and k, are design parameters. Then by Theorem 2, under control u=o(x, &) the closed-loop
system is asymptotically stable in the large, provided that the design parameters are chosen such that g > 0,
K1 >0, k>0, ﬁl > 6Ky, ﬁ2>0.

6. Concluding remarks

In this paper, we developed a new reduced-order observer-based backstepping design procedure, and pre-
sented an output-feedback stabilization controller for strict-feedback stochastic nonlinear systems. The con-
troller designed guarantees the closed-loop system asymptotically stable in the large when the nonlinearities
and stochastic disturbance equal zero at the equilibrium point of the open-loop system, and bounded in prob-
ability, otherwise. Besides, the controller preserves the equilibrium point of the nonlinear system.
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