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For a class of stochastic nonlinear large-scale systems with output dynamic interactions, the problem of
robust adaptive control is researched in this paper. Under the assumptions that the inverse dynamics
of the subsystems are stochastic input-to-state stable, a decentralized robust adaptive output feedback
controller is designed by combining the backstepping method and changing supply functions technique.
Under some milder conditions, it is shown that the outputs can be regulated into an arbitrarily small

neighborhood of the origin in probability and the other signals in the closed-loop system are globally
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the designed controller.

bounded in probability by tuning design parameters. Moreover, when the drift and diffusion terms vanish
at the origin, the equilibrium of the closed-loop system is globally stable in probability and the outputs
tend to the origin almost surely. A simulation example is presented to demonstrate the effectiveness of

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Large-scale systems can be found frequently in practical appli-
cations such as power supply systems, computer and telecommu-
nication networks, economic systems and multiagent systems. For
the interconnected systems, decentralized control is an efficient
and practical technique where the design of total controller is sim-
plified into ones of subsystems. However, simplicity of the design
makes the stability analysis much more difficult. Research on de-
centralized adaptive control for large-scale systems by using back-
stepping technique has received great attention. In Wen (1994),
the first result on decentralized adaptive control using such a tech-
nique was reported. In Wen, Zhou, and Wang (2009), based on the
backstepping approach, the decentralized adaptive controllers are
designed for both linear and nonlinear systems with interactions
directly depending on subsystem inputs and outputs. For other de-
velopments in this direction, please refer to Guo, Jiang, and Hill
(1999), Jain and Khorrami (1997), Jiang and Repperger (2001), Jiang
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(2000), Liu and Li (2002), Liu and Xie (2010), Wen (1995), Wen
and Soh (1997; 1999), Wen and Zhou (2007), Zhang, Wen, and Soh
(2000), Zhou and Wen (2008), and the references therein. All the
results focus on deterministic large-scale systems.

In Xie and Xie (2000), a global decentralized stabilization
scheme was proposed for a class of large-scale stochastic non-
linear systems where the drift and diffusion vector fields depend
only on measurable outputs. In Arslan and Basar (2003), a class
of strict-feedback systems which interact through their outputs
was considered with the known diffusion. Recently, Liu, Zhang, and
Jiang (2007) investigated the problem of decentralized adaptive
output-feedback stabilization for a class of large-scale stochastic
nonlinear systems with stochastic nonlinear inverse dynamics and
uncertain interactions. Fan, Han, Wen, and Xu (2012) first consid-
ered the tracking problem for an enlarged class of stochastic inter-
connected systems.

However, all the existing results are only applicable to systems
with interaction effects bounded by static function of subsystem
outputs. This condition is restrictive as it is a kind of matching con-
dition in the sense that the effects of all the unmodeled interactions
to a local subsystem must be in the range space of the output of
this subsystem. In practice, it is unavoidable that an interconnected
system has dynamic interactions involving both subsystem inputs
and outputs. For example, the non-zero off-diagonal elements of a
transfer function matrix represent such interactions.

In this paper we consider the problem of decentralized robust
adaptive output-feedback control for a class of stochastic nonlin-
ear systems with dynamic interactions. The main contributions of
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this paper are summarized as follows: (1) compared with Liu et al.
(2007), we consider the more general systems, in which the inter-
actions depend on the subsystem inputs and there exist dynamic
interactions and unmodeled dynamics in output channel; (2) the
results of both adaptive stabilization in probability and adaptive
asymptotic stabilization in probability are obtained; (3) the de-
centralized adaptive controller design scheme proposed in Wen
et al. (2009) for deterministic large-scale systems is generalized to
stochastic cases.

The organization of this paper is as follows. Section 2 describes
the problem to be investigated and provides some assumptions.
The design of decentralized observers is given in Section 3. Sec-
tion 4 presents the decentralized adaptive control design. The sta-
bility analysis of the closed-loop system is provided in Section 5. A
design example and simulation results are presented in Section 6.
Conclusions are given in Section 7.

Notations. For a given vectorx = (x1,...,x,)7, [X| = [x1| +

-+ -|x,]. For any matrix P € R™", ||P|| = +/Tr(PTP), where
Tr(P) denotes the trace of P; Amax(P) stands for the maximal
eigenvalue of P. I; denotes an identity matrix. e; = (1,0, ..., 0)7.
K-function denotes the set of all continuous functions which are
strictly increasing and vanishing at zero; K..-function denotes the
set of all functions which are class K- function and unbounded.

2. Problem description

In this paper, a class of stochastic nonlinear large-scale systems
is considered, which can be put into a normal form as follows

dxio = fio(Xio, Y)dt + gio (Xio, y)dw;,
dxi1 = (X2 + fin (X0, ¥))dt + gi1 (Xi, y)dwy,

dxi,n,-—l = (Xi,n,- +fi,n,-—1 (Xi()? .V))dt + gi,n,-—l (Xio’ y)dwia (1)
Ax; n; = (Ui + fi n; (Xio, Y))dE + & n; (Xi0, Y)dw,

N N
yi=xa+ Y mieipi(xin) + Y vjel gy,

j=1 Jj=1
where x; =[x, X1,....xin], Ui € Ryi € R( =
1,2,...,N) represent the state vector, the scalar control input
and the scalar output, respectively; y = [y1,...,yn]"; X0 €

R™ is the state of the stochastic inverse dynamics and the initial

condition x;(0) is fixed; uncertain functions f; € R,g; €
Rij = 0,1,...,n,i = 1,...,N are locally Lipschitz and
locally bounded in their arguments; w;,i = 1,...,N, are r;-

dimensional standard Brownian motions defined on a probability
space (£2, F, P) with §2 being a sample space, F being a filtration,
and P being a probability measure, w = (w!, ..., wl)T € R',r =
vaz 1 Tis Mij, vij are positive constants specifying the magnitudes of
dynamic interactions or unmodeled dynamics; pj;, g;; are dynamic
interactions or unmodeled dynamics, which are generated by

bij = hpy (P, Xj1),
Qi = he; (@, y),

where hy, (pjj, Xj1), hg; (qy, ;) are uncertain functions.

(2)

Remark 1. p; and g; denote the dynamic interactions from the
state and output of the jth subsystem to the ith subsystem forj # i,
or unmodeled dynamics of the ith subsystem for j = i with u;
and vy indicating the strength of the interactions or unmodeled
dynamics. Due to the existence of the dynamic interactions p;; and
qij, system (1) is more complex and difficult to deal with than that
of in Liu et al. (2007).

As mentioned above, the objective of this paper is to design a
decentralized adaptive output feedback controller for system (1)
in such a way that the closed-loop system is globally bounded
in probability and all the outputs are regulated into a small
neighborhood of the origin in probability under some general
conditions. To this end, the following assumptions will be imposed
on system (1).

Assumption 1. For xj;p-subsystem withi = 1,2,...,N, there
exist C2 function Viy(xj), Keo-functions oy, iz, ctig and yy, | =
1,2, ..., N, such that for any (xj, y) € R™ x RV,

a1 (X)) < Vio(xio) < app(IXiol),

N
Vio(xi0) < > vu(lyil) — etio(Ixiol).
=1

Remark 2. The definition of the differential operator £V can be
found in Deng and Krstic (2000), Liu et al. (2007), Wang, Chen, and
Lin (2013) and Wang, Wei, and Wu (2009).

Remark 3. Assumption 1 means that the inverse dynamics of the
system (1) is stochastic input-to-state stable with regard to the
inputy = (y1,...,yn)". The inverse dynamics considered here
are nonlinear and enter the subsystems nonadditively.

Assumption 2. Fori = 1,2,...,Nj = 1,2,...,n;, there are
unknown constants a; > 0, b; > 0 and known smooth functions
wijo = 0, @5 = 0, Y0 > 0, Yz > 0, such that for any (xj,y) €
R™ x R,

N
[fixi0. »)| < aygiio(1x0l) + a5 Y _ @u(lyi), (4)
=1
N
| (xi0. )| < bywio(Ixiol) + by D win((yil).- (5)
=1

Without loss of generality, we assume that ¢;;0(0) = 0 and

Vijo(0) = 0.

Assumption 3. Functions hPij (pij, X;1) and h’-]ij (gij, yj) are globally
Lipschitz in their variables and vanish at zero. Moreover, the
following inequations hold

’

}hpij(pijvle)| = Ppj |Pij| + /5p,-j |Xj1 ()
Ihg; @y ¥))| < Py |a5] + Pay |v1]»

where Ppij» Ppij» Pa;» Pg; are positive constants.

Assumption 4. There exist two smooth positive definite radially
unbounded functions V,, and V,; which satisfy d; ps|* < Vpy < dj
2 2
|pi|” and d; ||
inequations hold.

< \_/qij < t_i,»j ‘q,»j 2, such that the following

IV . 2 W | -
Ehmj (pij’ 0) < _dp,-jl ’pij s pr =< dp,-jz |pij s (7a)
Vg . ) WV | -
—Yh i, 0) < —dg.1 gl Yl <d. - lgi , 8a
aqij qy(qu ) = qij 1 |qU| aQij = Ug;2 |qU ( )

where d;;, djj, dp;1. dp;2, dg1, dg;2 are some positive constants.
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