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Abstract—In this paper, a neural-network-based dynamic
surface control method is developed for a class of non-strict-
feedback stochastic nonlinear interconnected systems. Neural-
networks (NNS) combined with adaptive backstepping technique
are applied to model the unknown nonlinear functions of the
stochastic interconnected system. The dynamic surface control
(DSC) method is adopted to ensure the computation burden
is greatly reduced. The proposed controllers guarantee the
closed-loop interconnected stochastic nonlinear system is globally
bounded stable in probability.

I. INTRODUCTION

With the rapid development of science and technology,
stochastic nonlinear interconnected systems have made re-
markable achievements [1]. The interconnected system is a
large-scale system that is made up of correlative and interactive
subsystem, which universally used in practical engineering,
such as networked control systems, chemical systems, power
systems, vehicle control systems, etc. There are many results
on large-scale interconnected systems in the literature, for
instance, the decentralized stabilization problem of linear,
time-invariant, large scale interconnected systems was studied
in [2], the problem of integrated fault estimation and fault-
tolerant control for interconnected linear systems with uncer-
tain nonlinear interactions subject to unknown bounded sensor
faults [3] was addressed.

On the other side, adaptive backstepping control technology
plays a very important role in the nonlinear control systems.
The design method can effectively solve the problem of stabi-
lization and tracking control for nonlinear systems with lower
triangular form [4-7]. Furthermore, from the fact that neural
network (NN) has a strong approximation ability [8, 9], it can
be used to solve the control problem for a large number of
classes of the nonlinear systems (contain completely unknown
functions) under the design framework of backsteping.

For the design of nonlinear non-strict-feedback system is
still an open research topic, this paper studies the adaptive
neural control problem for a class of uncertain non-strict-
feedback stochastic nonlinear interconnected systems by used
neural network, backsteping, and dynamic surface control
(DSC) technique. First, the observer will be introduced to
estimate the unavailable states. Then, based on lyapunov
function and the backstepping method, the controller combined
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with the adaptive law is designed such that all the signal in
the closed-loop system are semi-globally uniformly ultimately
bounded in mean square.

II. PROBLEM FORMULATION AND OBSERVER DESIGN

Consider a class of non-strict-feedback stochastic intercon-
nection systems as follow:

dgin = iz + fin (&) + Lia(n)) dt + 51y (n;) dws,
d&ini—1 = (&in; + fini—1 (&) +lin,—1(n)) dt
+ i1 (i) dews,

i, = (i + fim; (&) + Lin, () dt + 51, (i) des,
ni =&i 1, (D
where fl = [62’,17&,27 cee ;gi,ni]T € R", u; € R and n; € R

are the state variable, the system input and the output of
the i-th subsystem, respectively; f;,(-) : R — R and
Jiy (-) : R" — R" are unknown smooth nonlinear functions
with f;, (0) = 0 and j, (0) = 0; l;,(n) are the intercon-
nected terms, for any ¢ = 1,2,--- N,y =1,2,--- ;n; — 1;
w; denotes an independent r-dimensional standard Wiener
process.

Assumption 1.1: For 1 < ¢ < N, 1 < y < n;, there
is a positive unknown constant m; ,, such that |l; , (7)| <

Mi,y Z Biys (Ins)-

Assumptwn 1.2: For the function f;;(-), there ex-
ists an unknown constant RO, such that the inequality

fi1 (&) = fir (€)| < Rol|& — &]| holas for v&, & € R™.

Assumption 1.3: There exists a class - koo function S (-) €
C? (R*), such that [f,1 (&) < S ([&])-

Assumption 1.4: For VX; € Qx,, there exists an ideal
constant weigh vector ¥* such that ||9*|| < tmax and
|k| < Kmax With bounds tpmax > 0 and Kpmax > 0. Form
the relevant literature [10], we can obtain

ﬂ*TS( )+ & < |9TS (X5)| + |kl
Z |sm |Lmax + Kmax < €Y (X’L) ) (2)
m=1
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where ¢ (X;) = /(r+1) (O ,_;s2,(Xi)+1) and e =
max {Kmax, tmax - In order to estimate the state of the system
(1), the following observer is proposed:

Siy =Ciyr1 —Viglit, y=1,..,n -1,

éi,ni = U; — Vi,niéi,la (3)
where ;& are constant design parameters and the initial
condition is given as ézy (0) = éiyO- Define & = [él, ...,én},
and let é =& — él be the observer error, and define ém o=
u; and & ,,,, = 0. From (1) and (3), we rewrite the observer
error dynamics of &; in a compact form as

dé; = (Bii+ Fi (§) + Hig + Li(n) ) dt + Jydwr, @)

Fi (&)

lin, by oo limi] s

T
where Jfimd s Li =

[fi,lvfi,Qv"' T
7]1711] 5 H’L -

= [ji,l:ji,%--'
—hi

|l

[hi71,hi72,...,hi)m]T and Bi = and

: Lim, .
—him,0 - 0
Ri1, ..., hin, is to be designed such that B; is asymptotically
stable. That is to say, there exist symmetric positive definite
matrices C; and Q satisfying B C; + C;B; = —Q.

III. ADAPTIVE DSC DESIGN AND STABILITY ANALYSIS
A. Observer-based adaptive DSC design

The whole system formed by the system (1) and the
observer (3) can be written as follows

di = (Bidi + Fi (&) + Higin + Li(n) ) dt + Jido,

dn; = (512 + &+ fin (&) + li,l(ﬁ)) dt + ]}?:1 (m3) dw,

§io= éi,y—O—l —h
Eimy = Ui — i, i1 (5)

Furthermore, we defined an unknown constant as v; =
max {e; ,,y =0,1,2,...,n;}. For starting the control design
procedure, we let e;, being specified later, 9; express the
estimate of v;, and v; express the estimate error between 9;
and v;, namely v; = v; - 0;.

The coordinate transformations used in this paper can be
written as follows:

i,ygi,lv y:27--~7”i* 13

= fi,y -
where o1 ¢ is the output of a first-order filter with the virtual
control function ;1 will be presented later. The boundary
layer error o; ,, is defined as o; y = qy—1f — Qiy—1.

Theorem 3.1: Consider the interconnected non-linear sys-
tem (1) with observer (3), the feasible adaptive neural DSC
method is proposed as

Zil =My Ziy Qiy—1§, (6)

22 0iy (Xiy)

Qiy =
iy

fwi,yzi_’y — 'LA)ZQOLy (Xl,y) tan h

1<y <n;q,
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U; = —Win; Zin; — ﬁi(pi7ni (Xz,nb) tan h—’
qi,ni
bi = A (Z 28 piy (Xiy) tan hy“’qy(y) iy ) |
y=1 .Y

T
where @i, (Xiy) = /(ri+1) (2, ST?m (Xiy) +1),
~ 1T z _ N . z

Xip = 0], Xy = [ﬁm iy Tirys Uz} with & 4 =

R . 1T ~ T
|:€i,1,-~-a§i,y:| and Ui,y = [Ui,Qa---aO-'L,n,-] for Yy =
2,...,n4, in addition, w; 4, ¢;,y, A, and § are positive design

parameters for y = 1,...,n;.

. R R T
Lemma 3.1: Let =; = [ni, &2y ,fi’m] s

T
Xi = [nia 2§29 %imiy 04,25+ - ;O-i,nﬂvi] 5 :12_‘ -
[21‘71, Zi,g, ey Ziv"i] and a = [O, ozﬂf, ceey O‘ini—lf] N then

there exist a positive constant ¢, satisfying < || Xl
Proof: The proof of the lemma can be found in the literature

[10]. )
Step i, 0: Define Lyapunov function as V; o = g(éf C’ifi) s

where 7 being a positive parameter. Then, we can obtain

LV =t (éz.T Cig}) &7 (BT Cy + CiBy) &
+or (ch gz) ETCF ()
+or (é}“ Cl-&) £7C; (Hi&i 1)
+or (gTo gz) 71(n)
4 2rTr {Jf (20,@5? C; + €7 C,»é,»()i> Ji} e

Then, by using the Young’s inequality, we have
3
2r (& i) € iR (&) < 2r||&| Il 17 el

3 1 .
< I3 [&] + sgrlm el ®)

2T

/N

g'TCigz) ErCiH g, =27 (&Tczé) ¢roHim,

< Srafou? g

1 44
— || H;|| ;. 9
+ g Il ©)
Based on Assumption 1.1, we can further obtain

T (gTngz) &reqt; ()

ZZ¢1ys |775 ymiyncﬁ‘% gl 41 (10
y 1s=1
n; n; N ng
7zz¢zys ‘{’75 <ZZNzysns+ZZ4T¢1ys
y=1s=1 y=1s=1 y=1s=1

2rTr {JZT (QCifif?Ci + f;-TCiéiCi) Ji}

- 3mn2/n — _
< senvad |G &)1+ XYY i @) a
=1
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