
Research Article
Adaptive Output Feedback Stabilization of Random Nonlinear
Systems with Unmodeled Dynamics Driven by Colored Noise

Mingyue Cui

School of Mathematics and Informational Science, Yantai University, Yantai, Shandong Province 264005, China

Correspondence should be addressed to Mingyue Cui; mingyuecmy@126.com

Received 25 October 2018; Revised 24 December 2018; Accepted 6 January 2019; Published 30 January 2019

Academic Editor: Sergey Dashkovskiy

Copyright © 2019 Mingyue Cui.This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This paper focuses on the problem of adaptive output feedback stabilization for random nonlinear systems with unmodeled
dynamics anduncertain nonlinear functions driven by colored noise.Under the assumption of unmodeled dynamics having enough
stability margin, an adaptive output feedback stabilization controller is designed based on a reduced-order observer such that the
state of the closed-loop system has an asymptotic gain in the 2-th moment (AG-2-M) and the mean square of the output can be
made arbitrarily small by tuning parameters. A simulation example is used to illustrate the effectiveness of the control scheme.

1. Introduction

During the past decades, the control problem for systems
with unmodeled dynamics mainly caused by simplifications
in modeling process has received much attention. To deal
with the unmodeled dynamics, an available dynamic signal is
constructed to bound the unmodeled dynamics by exploiting
prior information on the system in [1]. By the aid of small-
gain technique in [2, 3], the unmodeled dynamics were
treated by a worst-case design on the basis of small-gain
arguments in [4]. By introducing input-to-state stability
for time-varying control systems, sufficient conditions for
global stabilization of triangular systems are given in [5]. For
time-varying control systems, various equivalent character-
izations of the nonuniform in time input-to-state stability
(ISS) property are established in [6]. By using a suitable
extension of the small-gain theorem, a uniform input-to-state
stabilization controller is given in [7]. For MIMO nonlinear
systems, a robust adaptive observer was given in [8]. By
introducing K-filters and dynamic signal, [9] designed an
adaptive output feedback controller such that the closed-
loop control system is semiglobally uniformly ultimately
bounded. By combining small-gain theorem and changing
supply function techniques, [10] proposed a robust adaptive
output feedback controller. However, most of the existing
references mainly focus on the deterministic case.

With the development of stochastic theory [11–15], many
researchers pay great attention to the control problem of
stochastic differential equations (SDEs) in the presence of
unmodeled dynamics. Under the assumption of unmodeled
dynamics having enough stability margin, [16] presented an
output feedback controller based onminimal-order observer.
In [17], a unifying solution to stochastic adaptive output
feedback stabilization was presented by introducing dynamic
signal and changing supply function technique. Also, some
other control strategies such as adaptive neural networks
control [18–20], adaptive fuzzy control [21, 22], and adaptive
tracking control [23] were proposed.

Since the stochastic disturbance is more reasonably
described as colored noise than white noise in practical
engineering, the models described by SDEs may not suit
very well. In [24], a theoretical framework on stability of
random nonlinear systems where stochastic disturbance is
colored noise and applications to controller design are given.
For a class of random nonlinear systems with unmodeled
dynamics, under the assumption of unmodeled dynamics
having enough stability margin, [25] designed a feedback
stabilization controller by backstepping method. Until now,
to our knowledge, there are no many results on adaptive
output feedback control for random nonlinear systems with
unmodeled dynamics and uncertain nonlinear functions in
the literature. In this paper, motivated by [16, 17, 24, 25], the
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purpose of this paper is to solve this problem under some
milder assumptions.The main work consists of the following
aspects.

(i) Because it is difficult to deal withHessian terms caused
by Wiener process, the stochastic disturbance is regarded as
colored noise whose second-order moment is bounded in
this paper. Distinguished from the existing stochastic analysis
method, themethod of ordinary differential equations is used
to analyze the stability of the closed-loop system.

(ii) For easier-to-implement and more reliable practical
purposes, a reduced-order observer and 1-dimension adap-
tive law are introduced, which lead to a simple controller.The
state of the closed-loop system has an asymptotic gain in the2-th moment (AG-2-M) and the mean square of the output
can be regulated to an arbitrarily small neighborhood of the
origin.

The paper is organized as follows: in Section 2, the math-
ematical preparation is given and the problem is formulated.
Section 3 gives the observer-based backstepping adaptive
controller design procedure. The main result is presented
in Section 4. A simulation example is included in Section 5
to illustrate effectiveness of the proposed design method.
Section 6 concludes the paper.

Notations: the following notations are used throughout
the paper. For a vector𝑥,𝑥𝑇 denotes its transpose; for amatrix𝑋, 𝜆min(𝑋) and 𝜆max(𝑋) denote its smallest and largest
eigenvalue, respectively; |⋅| denotes the usual Euclidean norm
of “⋅”; 𝐸 denotes the mathematical expectation; R+ denotes
the set of all nonnegative real numbers; R𝑛 denotes the real𝑛-dimensional space; R𝑛×𝑚 denotes the real 𝑛 × 𝑚 matrix
space; 𝐶𝑖 denotes the set of all functions with continuous 𝑖-th
partial derivative. For simplicity, sometimes the arguments of
functions are dropped.

2. Mathematical Preliminaries and
Problem Formulation

2.1. Mathematical Preliminaries. Consider the following ran-
dom nonlinear affine system:

�̇� = 𝑓 (𝑥, 𝑡) + 𝑔 (𝑥, 𝑡) 𝜉 (𝑡) ,
𝑥 (𝑡0) = 𝑥0, (1)

where 𝑥 ∈ R𝑛 is the state of system, 𝜉(𝑡) ∈ R𝑚 is a stochastic
process, and the underlying complete probability space is
taken to be the quartet (Ω,F,F𝑡, 𝑃) with a filtration F𝑡
satisfying the usual condition (i.e., it is increasing and right
continuous whileF0 contains all𝑃-null sets). Both functions𝑓 : R𝑛 × R+ → R𝑛 and 𝑔 : R𝑛 × R+ → R𝑛×𝑚 are locally
Lipschitz in 𝑥 piecewise continuous in 𝑡; i.e., for each 𝑅 > 0,
there exists a constant 𝐿𝑅 such that

𝑓 (𝑥1, 𝑡) − 𝑓 (𝑥2, 𝑡) + 𝑔 (𝑥1, 𝑡) − 𝑔 (𝑥2, 𝑡)
≤ 𝐿𝑅 𝑥2 − 𝑥1 (2)

for any 𝑡 ∈ R+ and 𝑥1, 𝑥2 ∈ 𝑈𝑅 = {𝑥 : |𝑥| ≤ 𝑅}, 𝑥1 ̸=𝑥2. Moreover, 𝑓(0, 𝑡) and 𝑔(0, 𝑡) are bounded a.s. Process 𝜉

is aF𝑡-adapted process and piecewise continuous, and there
exists a positive constant𝐾 such that

sup
𝑡0≤𝑠≤𝑡

𝐸 𝜉 (𝑠)2 ≤ 𝐾, ∀𝑡 ≥ 𝑡0. (3)

The following definition, criterion, and inequality are
represented now for the stability analysis.

Definition 1 ([24]). The state of system (1) has an asymptotic
gain in the𝑚-thmoment (AG-𝑚-M) if there exists a function𝛾(⋅) of classK such that, for any 𝑥0 ∈ 𝑅𝑛,

lim
𝑡→∞

𝐸 |𝑥 (𝑡)|𝑚 ≤ 𝛾 (𝛿𝐾) , (4)

where 𝛿𝐾 = 𝛿1𝐾 + 𝛿2 with 𝛿1 > 0, 𝛿2 ≥ 0.
Lemma 2. For system (1) with conditions (3), if there exist
parameters 𝑎1 > 0, 𝑎2 > 0, 𝑐 > 0, 𝛿1 > 0, 𝛿2 ≥ 0 and a
function 𝑉 ∈ 𝐶1 such that

𝑎1 |𝑥|𝑚 ≤ 𝑉 (𝑥) ≤ 𝑎2 |𝑥|𝑚 , (5)

�̇� (𝑥 (𝑡)) ≤ −𝑐𝑉 (𝑥 (𝑡)) + 𝛿1 𝜉 (𝑡)2 + 𝛿2, (6)

then system (1) has a unique global solution, and the state of
system has an AG-𝑚-M.

Proof. Following the same lines as the proof of [24, Theorem
3], the result can be obtained.

Lemma 3 ([26]). Consider the continuous functions 𝑘(𝑡), ℎ(𝑡),
and they are integrable over every finite interval. If a continuous
function 𝑦(𝑡) satisfies the inequality

̇𝑦 (𝑡) ≤ 𝑘 (𝑡) 𝑦 (𝑡) + ℎ (𝑡) , ∀𝑡 ≥ 𝑡0, (7)

then

𝑦 (𝑡) ≤ 𝑦 (𝑡0) 𝑒∫𝑡𝑡0 𝑘(𝑠)𝑑𝑠 + ∫𝑡
𝑡0
𝑒∫𝑡𝑠 𝑘(𝑢)𝑑𝑢ℎ (𝑠) 𝑑𝑠, ∀𝑡 ≥ 𝑡0. (8)

2.2. Problem Formulation. Consider the following system

̇𝜒 = 𝑞 (𝜒, 𝑥1) + 𝑝 (𝜒, 𝑥1) 𝜉0,
�̇�1 = 𝑥2 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑥1) 𝜉,

...
�̇�𝑖 = 𝑥𝑖+1 + 𝜙𝑖 (𝑥, 𝜒) + Ω𝑇𝑖 (𝑥1) 𝜉,

...
�̇�𝑛 = 𝑢 + 𝜙𝑛 (𝑥, 𝜒) + Ω𝑇𝑛 (𝑥1) 𝜉,

𝑦 = 𝑥1,

(9)

where 𝑥 = [𝑥1, 𝑥2, . . . , 𝑥𝑛]𝑇 ∈ R𝑛, 𝜒 ∈ R𝑛0 , 𝑢 ∈ R and 𝑦 ∈
R are the state, the unmodeled dynamics, the input and the
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output of system, respectively. 𝜉0 ∈ R𝑚0 and 𝜉 ∈ R𝑚 areF𝑡-
adapted stochastic processes. In this paper, it is assumed that
only the output 𝑦 can be measured and uncertain functions𝑞, 𝑝, 𝜙𝑖, and Ω𝑖 are smooth.

The objective in this paper is to design an adaptive output
feedback controller such that the state of the closed-loop
system has an AG-𝑚-M, and the mean square of the output
can be regulated to an arbitrarily small neighborhood of the
origin.

Throughout the paper, the following assumptions are
made on system (9).

Assumption 4. 𝜉0 ∈ R𝑚0 and 𝜉 ∈ R𝑚 are F𝑡-adapted pro-
cesses and piecewise continuous, and there exists a positive
constant 𝐾 such that

sup
𝑡0≤𝑠≤𝑡

𝐸 𝜉0 (𝑠)2 ≤ 𝐾,
sup
𝑡0≤𝑠≤𝑡

𝐸 𝜉 (𝑠)2 ≤ 𝐾,
sup
𝑡0≤𝑠≤𝑡

𝐸 𝜉 (𝑠)4 ≤ 𝐾,
∀𝑡 ≥ 𝑡0.

(10)

Assumption 5. For the 𝜒-system, there exists a function 𝑉0 ∈𝐶1, aK∞-function 𝛿(⋅), a smooth function 𝛿0(⋅) : 𝛿0(0) = 0,
and constants 𝑎 > 0, 𝑎 > 0, 𝑐0 > 0, 𝛾0 > 0, 𝑑0 > 0 such that

𝑎 𝜒2 ≤ 𝑉0 (𝜒) ≤ 𝑎 𝜒2 ,
𝜕𝑉0𝜕𝜒 𝑞 (𝜒, 𝑥1) + 14𝑑0


𝜕𝑉0𝜕𝜒 𝑝 (𝜒, 𝑥1)

2

≤ −𝑐0𝑉0 (𝜒) − 𝛾0𝛿 (𝜒) + 𝑦𝛿0 (𝑦) .
(11)

Assumption 6. For each 1 ≤ 𝑖 ≤ 𝑛, there exits an unknown
positive constant 𝜃𝑖 such that𝜙𝑖 (𝑥, 𝜒) ≤ 𝜃𝑖 (𝛿𝑖 (𝑦) + 𝛾𝑖𝜋 (𝜒)) ,Ω𝑖 (𝑥1) ≤ 𝜃𝑖𝜓𝑖 (𝑦) , (12)

where 𝛿𝑖, 𝜓𝑖 are known nonnegative smooth functions and𝛿𝑖(0) = 𝜓𝑖(0) = 0 are assumed.

Assumption 7. There exists a constant 𝛾 > 0 such that

𝛿 (𝜇) ≥ 𝛾𝜋2 (𝜇) , ∀𝜇 ∈ [0,∞) . (13)

Remark 8. Assumption 5 describes the dynamical behavior
of the unobservable state 𝜒. It has some stability margin
with respect to the unmodeled dynamics. The term 𝑦𝛿0(𝑦)
imposes restrictions on the influence of state 𝑥 on the stability
of the unobservable state 𝜒.
Remark 9. InAssumption 6, using the identity𝑓(𝑥)−𝑓(𝑥0) =(∫10 (𝑑𝑓/𝑑𝜆)|𝜆=𝛼(𝑥−𝑥0)+𝑥0𝑑𝛼)(𝑥−𝑥0) = 𝑓(𝑥, 𝑥0)(𝑥−𝑥0) to 𝛿𝑖(𝑦),
there exist smooth functions 𝛿𝑖 such that

𝛿𝑖 (𝑦) = 𝑦𝛿𝑖 (𝑦) , (14)

which will be frequently used in the subsequent sections.

Remark 10. Assumption 7 depicts the connection between
the stability margin of the unobservable state 𝜒 and the
unmodeled dynamics.

3. Controller Design

3.1. Reduced-Order Observer Design. To counteract the
unavailable state 𝑥𝑖 (𝑖 = 1, 2, . . . , 𝑛), a reduced-order partial-
state observer is introduced as follows:

̇̂𝑥𝑖 = 𝑥𝑖+1 + 𝑘𝑖+1𝑦 − 𝑘𝑖 (𝑥1 + 𝑘1𝑦) ,
𝑖 = 1, . . . , 𝑛 − 2,

̇̂𝑥𝑛−1 = 𝑢 − 𝑘𝑛−1 (𝑥1 + 𝑘1𝑦) ,
(15)

where 𝑘 = (𝑘1, 𝑘2, . . . , 𝑘𝑛−1)𝑇 is chosen such that

𝐴0 = [−𝑘 𝐼𝑛−20 ⋅ ⋅ ⋅ 0 ] (16)

is asymptotically stable. For each 𝑖 = 1, 2, . . . , 𝑛−1, denote the
observer error as

𝜀𝑖 = 1𝜃∗ (𝑥𝑖+1 − 𝑥𝑖 − 𝑘𝑖𝑦) , (17)

where 𝜃∗ = max{1, 𝜃1, . . . , 𝜃𝑛}. From (9), (15), and (17), one
has

̇𝜀𝑖 = 1𝜃∗ (𝑥𝑖+2 + 𝜙𝑖+1 + Ω𝑇𝑖+1𝜉
− (𝑥𝑖+1 + 𝑘𝑖+1𝑦 − 𝑘𝑖 (𝑥1 + 𝑘1𝑦))
− 𝑘𝑖 (𝑥2 + 𝜙1 + Ω𝑇1 𝜉)) = (𝜀𝑖+1 − 𝑘𝑖𝜀1) + 1𝜃∗ (𝜙𝑖+1
− 𝑘𝑖𝜙1) + 1𝜃∗ (Ω𝑖+1 − 𝑘𝑖Ω1)𝑇 𝜉

(18)

with 𝑥𝑛+1 = 𝑢, 𝑥𝑛 = 𝑢, and 𝑘𝑛 = 0, whose compact from is

̇𝜀 = 𝐴0𝜀 + Δ (𝑦, 𝜒) + Ω𝑇 (𝑦) 𝜉, (19)

where Δ(𝑦, 𝜒) = (1/𝜃∗)(𝜙2 − 𝑘1𝜙1, . . . , 𝜙𝑛 − 𝑘𝑛−1𝜙1)𝑇 andΩ(𝑦) = (1/𝜃∗)(Ω2 − 𝑘1Ω1, . . . , Ω𝑛 − 𝑘𝑛−1Ω1).
From Assumption 4, we have

Δ (𝑦, 𝜒)2 = 𝑛−1∑
𝑖=1

( 1𝜃∗ (𝜙𝑖+1 − 𝑘𝑖𝜙1))
2 ≤ 𝑛−1∑
𝑖=1

(𝛿𝑖+1 (𝑦)
+ 𝑘𝑖𝛿1 (𝑦) + 𝛾𝑖+1𝜋 (𝜒) + 𝑘𝑖𝛾1𝜋 (𝜒))2
≤ 𝑛−1∑
𝑖=1
2 (𝛿𝑖+1 (𝑦) + 𝑘𝑖𝛿1 (𝑦))2 + 𝑛−1∑

𝑖=1
2 (𝛾𝑖+1 + 𝑘𝑖𝛾1)2

⋅ 𝜋2 (𝜒) ≤ 𝑦2Φ1 (𝑦) + 𝑎𝛿 (𝜒) ,

(20)
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where Φ1(𝑦) = ∑𝑛−1𝑖=1 2(𝛿𝑖+1(𝑦) + 𝑘𝑖𝛿1(𝑦))2 and 𝑎 = ∑𝑛−1𝑖=1 (2/𝛾)(𝛾𝑖+1 + 𝑘𝑖𝛾1)2.
Ω (𝑦)2 = 𝑛−1∑

𝑖=1

 1𝜃∗ (Ω𝑖+1 − 𝑘𝑖Ω1)

2

≤ 𝑛−1∑
𝑖=1

(𝜓𝑖+1 (𝑦) + 𝑘𝑖𝜓1 (𝑦))2 = 𝑦2Ψ1 (𝑦) ,
(21)

where Ψ1(𝑦) = ∑𝑛−1𝑖=1 (𝜓𝑖+1(𝑦) + 𝑘𝑖𝜓1(𝑦))2. Since 𝐴0 is stable,
there exists a symmetric positive definite matrix 𝑃 such
that 𝑃𝐴0 + 𝐴𝑇0𝑃 = −2𝐼𝑛−1. Along the solution of (19),
differentiating the quadratic function 𝑉𝜀 = (1/2)𝜀𝑇𝑃𝜀 yields
�̇�𝜀 = −𝜀𝑇𝜀 + 𝜀𝑇𝑃 (Δ (𝑦, 𝜒) + Ω𝑇 (𝑦) 𝜉)

≤ −𝜀𝑇𝜀 + 12𝜀𝑇𝜀 + 12 |𝑃|2 (Δ (𝑦, 𝜒) + Ω (𝑦) 𝜉)2
≤ −12𝜀𝑇𝜀 + |𝑃|2Φ1 (𝑦) 𝑦2 + 𝑎 |𝑃|2 𝛿 (𝜒)
+ |𝑃|2Ψ1 (𝑦) 𝑦2𝜉2

≤ −12𝜀𝑇𝜀 + |𝑃|2Φ1 (𝑦) 𝑦2 + 𝑎 |𝑃|2 𝛿 (𝜒)
+ 14𝑑𝜀 |𝑃|4Ψ21 (𝑦) 𝑦4 + 𝑑𝜀𝜉4,

(22)

where 𝑑𝜀 is a design parameter.

3.2. Adaptive Backstepping Controller Design. From (9) and
(17), the derivative of output is represented as

̇𝑦 = 𝜃∗𝜀1 + 𝑥1 + 𝑘1𝑦 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑦) 𝜉, (23)

which, together with (9), (15), and (19), consists of the
following system

̇𝜒 = 𝑞 (𝜒, 𝑦) + 𝑝 (𝜒, 𝑦) 𝜉0,
̇𝜀 = 𝐴0𝜀 + Δ (𝑦, 𝜒) + Ω𝑇𝜉,
̇𝑦 = 𝑥1 + 𝜃∗𝜀1 + 𝑘1𝑦 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑦) 𝜉,
̇̂𝑥𝑖 = 𝑥𝑖+1 + 𝑘𝑖+1𝑦 − 𝑘𝑖 (𝑥1 + 𝑘1𝑦) ,

𝑖 = 1, . . . , 𝑛 − 2,
̇̂𝑥𝑛−1 = 𝑢 − 𝑘𝑛−1 (𝑥1 + 𝑘1𝑦) .

(24)

An adaptive backstepping controller based on the (𝑦, 𝑥1,. . . , 𝑥𝑛−1)−system of (24) will be developed.

Step 1. Introduce the first two error variables

𝑧1 = 𝑦,
𝑧2 = 𝑥1 − 𝛼1, (25)

where 𝛼1 will be given in later. Consider the Lyapunov
function candidate

𝑉1 = 12𝑧21 + 12𝑟𝜃 𝜃2, (26)

where 𝜃 = 𝜃−𝜃, 𝜃 is the estimate of 𝜃 = max{𝜃∗, 𝜃∗2}. In view
of (24) and (25), the derivative of 𝑉1 satisfies
�̇�1 ≤ 𝑦 (𝑧2 + 𝛼1 + 𝜃∗𝜀1 + 𝑘1𝑦 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑦) 𝜉)

− 1𝑟𝜃 𝜃 ̇̂𝜃. (27)

Applying Young’s inequality, one has

𝑦𝜃∗𝜀1 ≤ 𝑟1𝑦2𝜃 + 14𝑟1 𝜀21 , (28)

where 𝑟1 > 0 is a design parameter. By Assumption 4, one has

𝑦𝜙1 (𝑥, 𝜒) ≤ 𝑦 𝜃1 (𝛿1 (𝑦) + 𝛾1𝜋 (𝜒))
≤ 12𝜖1𝑦2𝜃21 +

𝜖12 (𝛿1 (𝑦) + 𝛾1𝜋1 (𝜒))2

≤ 12𝜖1𝑦2𝜃 + 𝜖1𝑦2𝛿
2
1 (𝑦) + 𝜖1 𝛾21𝛾 𝛿 (𝜒) ,

(29)

𝑦Ω𝑇1 (𝑦) 𝜉 ≤ 𝑦 𝜃1𝜓1 (𝑦) 𝜉
≤ 14𝑑1𝑦2𝜃1𝜓21 (𝑦) + 𝑑1 𝜉2
≤ 14𝑑1𝑦2𝜓21 (𝑦) 𝜃 + 𝑑1 𝜉2 ,

(30)

where 𝜖1 > 0 and 𝑑1 are design parameters. Substituting (28)-
(30) into (27), one has

�̇�1 ≤ 𝑦𝑧2 + 𝑦 (𝛼1 + 𝑘1𝑦 + 𝜖1𝑦𝛿21 (𝑦) + 𝜔1𝜃)
+ 𝜖1 𝛾21𝛾 𝛿 (𝜒) + 𝑑1 𝜉2 + 𝜃(𝜔1𝑦 − 1𝑟𝜃 ̇̂𝜃)
+ 14𝑟1 𝜀21 ,

(31)

where 𝜔1 = 𝑟1𝑦 + (1/2𝜖1)𝑦 + (1/4𝑑1)𝑦𝜓21(𝑦). The stabilizing
function 𝛼1 and the tuning function 𝜏1 are designed as

𝛼1 = −𝑐1𝑧1 − 𝑘1𝑦 − 𝜔1𝜃 − 𝛽 (𝑦) ,
𝜏1 = −𝜎𝜃 + 𝜔1𝑦, (32)

where 𝑐1 > 0 is a design parameter and 𝛽(𝑦)will be chosen in
later. Then

�̇�1 ≤ −𝑐1𝑧21 + 𝑦 (𝜖1𝑦𝛿21 (𝑦) − 𝛽 (𝑦)) + 𝑧1𝑧2
+ 𝜖1 𝛾21𝛾 𝛿 (𝜒) + 𝑑1 𝜉2 + 𝜎𝜃𝜃 + 𝜃(𝜏1 − 1𝑟𝜃 ̇̂𝜃)
+ 14𝑟1 𝜀21 .

(33)
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Step 𝑖 = 2, . . . , 𝑛. Introduce the coordinate change
𝑧𝑖+1 = 𝑥𝑖 − 𝛼𝑖 (𝑦, 𝑥1, . . . , 𝑥𝑖−1, 𝜃) (34)

with 𝑧𝑛+1 = 0 and 𝑥𝑛 = 𝑢. The differential of 𝑧𝑖 is given as
follows:

�̇�𝑖
= 𝑥𝑖 + 𝑘𝑖𝑦 − 𝑘𝑖−1 (𝑥1 + 𝑘1𝑦)
− 𝜕𝛼𝑖−1𝜕𝑦 (𝑥1 + 𝜃∗𝜀1 + 𝑘1𝑦 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑦) 𝜉)
− 𝑖−2∑
𝑗=1

𝜕𝛼𝑖−1𝜕𝑥𝑗 (𝑥𝑗+1 + 𝑘𝑗+1𝑦 − 𝑘𝑗 (𝑥1 + 𝑘1𝑦))
− 𝜕𝛼𝑖−1𝜕𝜃 ̇̂𝜃

= 𝑧𝑖+1 + 𝛼𝑖 + 𝜂𝑖
− 𝜕𝛼𝑖−1𝜕𝑦 (𝜃∗𝜀1 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑦) 𝜉) − 𝜕𝛼𝑖−1𝜕𝜃 ̇̂𝜃,

(35)

where 𝜂𝑖 = 𝑘𝑖𝑦 − 𝑘𝑖−1(𝑥1 + 𝑘1𝑦) − (𝜕𝛼𝑖−1/𝜕𝑦)(𝑥1 + 𝑘1𝑦) −∑𝑖−2𝑗=1(𝜕𝛼𝑖−1/𝜕𝑥𝑗)(𝑥𝑗+1 + 𝑘𝑗+1𝑦 − 𝑘𝑗(𝑥1 + 𝑘1𝑦)). Assume that
one has designed smooth function𝛼𝑗, 𝜏𝑗 (𝑗 = 2, . . . , 𝑖−1) such
that the following inequality holds for𝑉𝑖−1 = 𝑉𝑖−2 + (1/4)𝑧2𝑖−1,
�̇�𝑖−1 ≤ −𝑖−1∑

𝑗=1
𝑐𝑗𝑧2𝑗 + 𝑦(𝑖−1∑

𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦) − 𝛽 (𝑦)) + 𝑧𝑖−1𝑧𝑖

+ 𝑖−1∑
𝑗=1
𝜖𝑗 𝛾21𝛾 𝛿 (𝜒) +

𝑖−1∑
𝑗=1
𝑑𝑗 𝜉2

+ (𝑖−2∑
𝑗=1
𝑧𝑗+1 𝜕𝛼𝑗𝜕𝜃 )(𝑟𝜃𝜏𝑖−1 − ̇̂𝜃) + 𝜎𝜃𝜃

+ 𝜃(𝜏𝑖−1 − 1𝑟𝜃 ̇̂𝜃) +
𝑖−1∑
𝑗=1

14𝑟𝑗 𝜀21 ,

(36)

where 𝜖𝑗 > 0, 𝑑𝑗 > 0, 𝑟𝑗 > 0 (2 ≤ 𝑗 ≤ 𝑖 − 1) are design
parameter. In the following, we will prove that (36) holds for
the 𝑖-th Lyapunov function candidate

𝑉𝑖 = 𝑉𝑖−1 + 14𝑧2𝑖 . (37)

The derivative of 𝑉𝑖 satisfies
�̇�𝑖 ≤ −𝑖−1∑

𝑗=1
𝑐𝑗𝑧2𝑗 + 𝑦(𝑖−1∑

𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦) − 𝛽 (𝑦)) + 𝑧𝑖−1𝑧𝑖

+ 𝑖−1∑
𝑗=1
𝜖𝑗 𝛾21𝛾 𝛿 (𝜒) +

𝑖−1∑
𝑗=1
𝑑𝑗 𝜉2 + (𝑖−2∑

𝑗=1
𝑧𝑗+1 𝜕𝛼𝑗𝜕𝜃 )

⋅ (𝑟𝜃𝜏𝑖−1 − ̇̂𝜃) + 𝜎𝜃𝜃 + 𝜃(𝜏𝑖−1 − 1𝑟𝜃 ̇̂𝜃) +
𝑖−1∑
𝑗=1

14𝑟𝑗 𝜀21
+ 𝑧𝑖 (𝑧𝑖+1 + 𝛼𝑖 + 𝜂𝑖
− 𝜕𝛼𝑖−1𝛼𝑦 (𝜃∗𝜀1 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑦) 𝜉) − 𝜕𝛼𝑖−1𝜕𝜃 ̇̂𝜃) .

(38)

Applying Young’s inequality, one has

𝑧𝑖 𝜕𝛼𝑖−1𝛼𝑦 𝜃∗𝜀1 ≤ 𝑟𝑖𝑧2𝑖 
𝜕𝛼𝑖−1𝛼𝑦


2 𝜃 + 14𝑟𝑖 𝜀21 , (39)

where 𝑟𝑖 > 0 is a design parameter. By Assumption 4, one has

𝑧𝑖 𝜕𝛼𝑖−1𝛼𝑦 𝜙1 (𝑥, 𝜒) ≤ 𝑧𝑖 
𝜕𝛼𝑖−1𝛼𝑦

 𝜃1 (𝛿1 (𝑦) + 𝛾1𝜋 (𝜒))
≤ 12𝜖𝑖 𝑧2𝑖


𝜕𝛼𝑖−1𝛼𝑦


2 𝜃21

+ 𝜖𝑖2 (𝑦𝛿1 (𝑦) + 𝛾1𝜋 (𝜒))2

≤ 12𝜖𝑖 𝑧2𝑖

𝜕𝛼𝑖−1𝛼𝑦


2 𝜃 + 𝜖𝑖𝑦2𝛿21 (𝑦)

+ 𝜖𝑖 𝛾21𝛾 𝛿 (𝜒) ,

(40)

𝑧𝑖 𝜕𝛼𝑖−1𝛼𝑦 Ω𝑇1 (𝑦) 𝜉 ≤ 𝑧𝑖 
𝜕𝛼𝑖−1𝛼𝑦

 𝜃1𝜓1 (𝑦) 𝜉
≤ 14𝑑𝑖 𝑧2𝑖


𝜕𝛼𝑖−1𝛼𝑦


2 𝜃21𝜓21 (𝑦) + 𝑑𝑖 𝜉2

≤ 14𝑑𝑖 𝑧2𝑖

𝜕𝛼𝑖−1𝛼𝑦


2 𝜃𝜓21 (𝑦) + 𝑑𝑖 𝜉2 ,

(41)

where 𝜖𝑖 > 0 and 𝑑𝑖 > 0 are design parameters. With (39)-
(41), it is obtained that

�̇�𝑖 ≤ −𝑖−1∑
𝑗=1
𝑐𝑗𝑧2𝑗 + 𝑦(𝑖−1∑

𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦) − 𝛽 (𝑦)) + 𝑧𝑖−1𝑧𝑖

+ 𝑖−1∑
𝑗=1
𝜖𝑗 𝛾21𝛾 𝛿 (𝜒) +

𝑖−1∑
𝑗=1
𝑑𝑗 𝜉2

+ (𝑖−2∑
𝑗=1
𝑧𝑗+1 𝜕𝛼𝑗𝜕𝜃 )(𝑟𝜃𝜏𝑖−1 − ̇̂𝜃) + 𝜎𝜃𝜃

+ 𝜃(𝜏𝑖−1 − 1𝑟𝜃 ̇̂𝜃) +
𝑖−1∑
𝑗=1

14𝑟𝑗 𝜀21
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+ 𝑧𝑖 (𝑧𝑖+1 + 𝛼𝑖 + 𝜂𝑖) + 𝑟𝑖𝑧2𝑖 
𝜕𝛼𝑖−1𝛼𝑦


2 𝜃 + 14𝑟𝑖 𝜀21

+ 12𝜖𝑖 𝑧2𝑖

𝜕𝛼𝑖−1𝛼𝑦


2 𝜃 + 𝜖𝑖𝑦2𝛿21 (𝑦) + 𝜖𝑖 𝛾21𝛾 𝛿 (𝜒)

+ 14𝑑𝑖 𝑧2𝑖

𝜕𝛼𝑖−1𝛼𝑦


2 𝜃𝜓21 (𝑦) + 𝑑𝑖 𝜉2 − 𝑧𝑖 𝜕𝛼𝑖−1𝜕𝜃 ̇̂𝜃.

(42)

By choosing the 𝑖-th tuning function as 𝜏𝑖 = 𝜏𝑖−1 + 𝜔𝑖𝑧𝑖 with𝜔𝑖 = 𝑧𝑖|𝜕𝛼𝑖−1/𝜕𝑦|2(𝑟𝑖 + 1/2𝜖𝑖 + (1/4𝑑𝑖)𝜓21(𝑦)), one has
�̇�𝑖 ≤ −𝑖−1∑

𝑗=1
𝑐𝑗𝑧2𝑗 + 𝑦( 𝑖∑

𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦) − 𝛽 (𝑦)) + 𝑧𝑖𝑧𝑖−1

+ 𝑖∑
𝑗=1
𝜖𝑗 𝛾21𝛾 𝛿 (𝜒) +

𝑖∑
𝑗=1
𝑑𝑗 𝜉2 + (𝑖−2∑

𝑗=1
𝑧𝑗+1 𝜕𝛼𝑗𝜕𝜃 )(𝑟𝜃𝜏𝑖

− ̇̂𝜃) + 𝜎𝜃𝜃 + 𝜃(𝜏𝑖 − 1𝑟𝜃 ̇̂𝜃) +
𝑖∑
𝑗=1

14𝑟𝑗 𝜀21 + 𝑧𝑖(𝑧𝑖−1
+ 𝛼𝑖 + 𝜂𝑖 + 𝜔𝑖𝜃 − 𝜕𝛼𝑖−1𝜕𝜃 𝑟𝜃𝜏𝑖 − 𝑖−2∑

𝑗=1
𝑧𝑗+1 𝜕𝛼𝑗𝜕𝜃 𝑟𝜃𝜔𝑖) .

(43)

Choose

𝛼𝑖 = −𝑧𝑖−1 − 𝑐𝑖𝑧𝑖 − 𝜂𝑖 − 𝜔𝑖𝜃 + 𝜕𝛼𝑖−1𝜕𝜃 𝑟𝜃𝜏𝑖
+ 𝑖−2∑
𝑗=1
𝑧𝑗+1 𝜕𝛼𝑗𝜕𝜃 𝑟𝜃𝜔𝑖,

(44)

where 𝑐𝑖 > 0 is a design parameter. Then

�̇�𝑖 ≤ − 𝑖∑
𝑗=1
𝑐𝑗𝑧2𝑗 + 𝑦( 𝑖∑

𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦) − 𝛽 (𝑦)) + 𝑧𝑖𝑧𝑖+1

+ 𝑖∑
𝑗=1
𝜖𝑗 𝛾21𝛾 𝛿 (𝜒) +

𝑖∑
𝑗=1
𝑑𝑗 𝜉2

+ (𝑖−1∑
𝑗=1
𝑧𝑗+1 𝜕𝛼𝑗𝜕𝜃 )(𝑟𝜃𝜏𝑖 − ̇̂𝜃) + 𝜎𝜃𝜃

+ 𝜃(𝜏𝑖 − 1𝑟𝜃 ̇̂𝜃) +
𝑖∑
𝑗=1

14𝑟𝑗 𝜀21 .

(45)

At the end of the recursive procedure, the control law and
adaptive law are chosen as

𝑢 = 𝛼𝑛 (𝑦, 𝑥1, . . . , 𝑥𝑛−1, 𝜃) ,
̇̂𝜃 = 𝑟𝜃𝜏𝑛.

(46)

By (45) and (46), one gets

�̇�𝑛 ≤ − 𝑛∑
𝑗=1
𝑐𝑗𝑧2𝑗 + 𝑦( 𝑛∑

𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦) − 𝛽 (𝑦))

+ 𝑛∑
𝑗=1
𝜖𝑗 𝛾21𝛾 𝛿 (𝜒) +

𝑛∑
𝑗=1
𝑑𝑗 𝜉2 + 𝜎𝜃𝜃 + 𝑛∑

𝑗=1

14𝑟𝑗 𝜀21 .
(47)

The Lyapunov function for the whole system is

𝑉 = 𝜀0𝑉0 + 𝑟𝜀𝑉𝜀 + 𝑉𝑛. (48)

Then, by Assumption 6, (22), and (47), we obtain

�̇� ≤ −𝑐0𝜀0𝑉0 (𝜒) − 𝑛∑
𝑗=1
𝑐𝑗𝑧2𝑗 + 𝑦(𝑟𝜀 |𝑃|2Φ1 (𝑦) 𝑦

+ 𝑟𝜀4𝑑𝜀 |𝑃|4Ψ21 (𝑦) 𝑦3 + 𝜀0𝛿0 (𝑦) +
𝑛∑
𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦)

− 𝛽 (𝑦)) + (𝑟𝜀𝑎 |𝑃|2 + 𝑛∑
𝑗=1
𝜖𝑗 𝛾21𝛾 − 𝜀0𝛾0)𝛿 (𝜒)

+ 𝑑0𝜉20 + 𝑟𝜀𝑑𝜀 𝜉4 + 𝑛∑
𝑗=1
𝑑𝑗 𝜉2 + 𝜎𝜃𝜃 − 𝑟𝜀2 |𝜀|2

+ 𝑛∑
𝑗=1

14𝑟𝑗 𝜀21 .

(49)

By choosing

𝑟𝜀 ≥ 𝑛∑
𝑗=1

1𝑟𝑗 ,

𝜀0 ≥ 1𝛾0 (𝑟𝜀𝑎 |𝑃|2 +
𝑛∑
𝑗=1
𝜖𝑗 𝛾21𝛾 ) ,

𝛽 (𝑦) = 𝑟𝜀 |𝑃|2Φ1 (𝑦) 𝑦 + 𝑟𝜀4𝑑𝜀 |𝑃|4Ψ21 (𝑦) 𝑦3

+ 𝜀0𝛿0 (𝑦) + 𝑛∑
𝑗=1
𝜖𝑗𝑦𝛿21 (𝑦) ,

(50)

it is obtained that

�̇� ≤ −𝑐0𝜀0𝑉0 (𝜒) − 𝑛∑
𝑗=1
𝑐𝑗𝑧2𝑗 − 𝑟𝜀4 |𝜀|2 − 12𝜎𝜃2 + 𝑑0𝜉20

+ 𝑟𝜀𝑑𝜀 𝜉4 + 𝑛∑
𝑗=1
𝑑𝑗 𝜉2 + 12𝜎𝜃2

≤ −𝑐𝑉𝑒 + 𝑑0𝜉20 + 𝑟𝜀𝑑𝜀 𝜉4 + 𝑛∑
𝑗=1
𝑑𝑗 𝜉2 + 12𝜎𝜃2,

(51)

where 𝑐 = min{𝑐0, 2𝑐1, . . . , 2𝑐𝑛, 1/2𝜆max(𝑃), 𝑟𝜃𝜎}.
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Remark 11. Because the system of this paper contains the
colored noise and uncertain nonlinear functions (see (9)), the
small-gain technique in [1–7] which is applied to determinis-
tic nonlinear system is not applicable any more. Because the
system of this paper is not an Itô type stochastic differential
equation and the changing supply function technique in [17]
cannot deal with the colored noise, the unmodeled dynamics
is assumed to have enough stability margin motivated by [16]
in this paper

Remark 12. Different from the deterministic nonlinear sys-
tems in [1–10], a class of random nonlinear systems driven
by colored noise is considered in this paper. The stochastic
disturbance is regarded as colored noise other than the white
noise in [16, 17] which is more reasonable. Different from [25]
only considering the problem of the state feedback stabiliza-
tion, an adaptive output feedback stabilization controller is
designed in this paper.

4. Stability Analysis

Theorem 13. For the random system (9), under Assumptions
4–7, the control law and adaptive law (46), the closed-loop
system has a unique solution on [𝑡0,∞), and the state of the
closed-loop system has an AG-2-M. Furthermore, the output𝑦(𝑡) satisfies

lim
𝑡→∞

𝐸 𝑦2 ≤ 2𝛿𝐾𝑐 , (52)

where 𝛿𝐾 = (𝑑0 + 𝑟𝜀𝑑𝜀 + ∑𝑛𝑗=1 𝑑𝑗)𝐾 + (1/2)𝜎𝜃2 and the right-
hand can be made small enough by tuning parameters.

Proof. Define Ξ = (𝜒, 𝜀𝑇, 𝑧1, . . . , 𝑧𝑛, 𝜃)𝑇. From the definition
of 𝑉, 𝑉 satisfies

𝑎1 |Ξ|2 ≤ 𝑉 ≤ 𝑎2 |Ξ|2 , (53)

with 𝑎1 = (1/2)min{2𝜀0𝑎, 𝑟𝜀𝜆min(𝑃), 1, 1/𝑟𝜃} and 𝑎2 =(1/2)max{2𝜀0𝑎, 𝑟𝜀𝜆max(𝑃), 1, 1/𝑟𝜃}. Since the functions of the
closed-loop system satisfy the local Lipschitz condition, from
Lemma 2, (53), and (51), then the closed-loop system has a
unique solution on [𝑡0,∞), and the state of the closed-loop
system has an AG-2-M.

Furthermore, by defining V(𝑡) = 𝐸𝑉(𝑡), from (51), one has

V̇ (𝑡) = 𝐸�̇� (𝑡)
≤ −𝑐V (𝑡) + 𝑑0𝐸 𝜉02 + 𝑟𝜀𝑑𝜀𝐸 𝜉4 + 𝑛∑

𝑗=1
𝑑𝑗𝐸 𝜉2

+ 12𝜎𝜃2.
(54)

By Lemma 3 and (3), it is obtained that

V (𝑡) ≤ |V (0)| 𝑒−𝑐(𝑡−𝑡0) + 𝛿𝐾, (55)

which together with (48) implies

𝐸 𝑦2 ≤ 2𝐸𝑉𝑒 (𝑡) ≤ 2𝑉𝑒 (0) 𝑒−𝑐(𝑡−𝑡0) + 2𝛿𝐾𝑐 , (56)

which leads to (52).

Noting 𝑐 = min{𝑐0, 2𝑐1, . . . , 2𝑐𝑛, 1/2𝜆max(𝑃), 𝑟𝜃𝜎} and𝛿𝐾 = (𝑑0+𝑟𝜀𝑑𝜀+∑𝑛𝑗=1 𝑑𝑗)𝐾+(1/2)𝜎𝜃2, it is clear that the right-
hand sides of (52) can be made small enough by choosing𝑐1, . . . , 𝑐𝑛 large enough and 𝑑1, . . . , 𝑑𝑛 small enough.

Remark 14. By Chebyshev’s inequality, for any 𝜀 > 0 and𝜀0 > 0, there exists a moment 𝑇 > 0 such that when 𝑡 > 𝑇,𝑃{|𝑦(𝑡)| > 𝜀} ≤ (1/𝜀2)(𝜀0 + 2𝛿𝐾/𝑐) ≤ 𝜀, where 𝜀 can be
regulated to small enough, which implies the asymptotically
stabilization in probability in some sense.

5. A Simulation Example

Consider the following nonlinear system

̇𝜒 = 𝑞 (𝜒, 𝑥1) + 𝑝 (𝜒, 𝑥1) 𝜉0,
�̇�1 = 𝑥2 + 𝜙1 (𝑥, 𝜒) + Ω𝑇1 (𝑥1) 𝜉,
�̇�2 = 𝑢 + 𝜙2 (𝑥, 𝜒) + Ω𝑇2 (𝑥1) 𝜉,
𝑦 = 𝑥1,

(57)

where 𝑞(𝜒, 𝑥1) = −6𝜒+2𝑥1+tanh𝑥1,𝑝(𝜒, 𝑥1) = cos𝜒+sin𝑥1,𝜙1(𝑥, 𝜒) = 𝜃1(𝑥1 + 𝜒) sin𝑥2, 𝜙2(𝑥, 𝜒) = 𝜃2𝜒 cos𝑥2, Ω𝑇1 (𝑥1) =[𝜃1𝑥1, 0],Ω𝑇2 (𝑥1) = [0, 𝜃2𝑥1] with 𝜃1 = 0.3, 𝜃2 = 0.2.
For 𝜒-subsystem of (57), by choosing the Lyapunov

function 𝑉0(𝜒) = 𝑎|𝜒|2 = 𝑎|𝜒|2 = (1/2)𝜒2, one can verify

𝜕𝑉0𝜕𝜒 𝑞 (𝜒, 𝑥1) + 14𝑑0

𝜕𝑉0𝜕𝜒 𝑝 (𝜒, 𝑥1)

2

≤ −𝑉0 − (92 − 1𝑑0)𝜒2 + 𝑥21,
(58)

which implies that Assumption 5 holds for 𝑑0 = 1/2, 𝑐0 = 1,𝛾0 = 5/2, 𝛿(|𝜒|) = |𝜒|2, 𝛿0(𝑦) = 𝑦. By verifying Assumptions
6 and 7, it is easy to obtain that 𝛿1 = |𝑦|, 𝛿2 = 0, 𝜋 = |𝜒|,𝛾1 = 1, 𝛾2 = 1, 𝛾 = 1, 𝜓1 = |𝑦| and 𝜓2 = |𝑦|.

The following observer is needed

𝑥1 = 𝑢 − 𝑘1 (𝑥1 + 𝑘1𝑦) , (59)

where 𝑘1 > 0 is a design parameter. By defining two error
variables (25), the adaptive output feedback control law is
given by the recursive design procedure in Section 3, i.e.,

𝛼1 = −𝑐1𝑧1 − 𝑘1𝑦 − 𝑟𝜀 |𝑃|2Φ1 (𝑦) 𝑦
− 𝑟𝜀4𝑑𝜀 |𝑃|4Ψ21 (𝑦) 𝑦3 − 𝑟1𝑦𝜃 −

12𝜖1𝑦𝜃
− 14𝑑1𝑦𝜓21 (𝑦) 𝜃 − 𝜖1𝑦𝛿

2
1 − 𝜖2𝑦𝛿21 − 𝜀0𝛿0,

𝜏1 = 𝜎𝜃 + 𝑟1𝑦2 + 12𝜖1𝑦2 +
14𝑑1𝑦2𝜓21 (𝑦) ,
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Figure 1: The response of closed-loop system.

̇̂𝜃 = 𝑟𝜃𝜏2
= 𝑟𝜃 (𝜏1 + 𝑧22  𝜕𝛼1𝛼𝑦


2 (𝑟2 + 12𝜖2 +

14𝑑2𝜓21 (𝑦))) ,
𝑢 = 𝛼2
= −𝑧1 − 𝑐2𝑧2 − 𝜂2
− 𝑧2  𝜕𝛼1𝜕𝑦


2 (𝑟2 + 12𝜖2 +

14𝑑2𝜓21 (𝑦)) 𝜃
+ 𝜕𝛼1𝜕𝜃 𝑟𝜃𝜏2,

𝜂2 = −𝑘1 (𝑥1 + 𝑘1𝑦) − 𝜕𝛼1𝜕𝑦 (𝑥1 + 𝑘1𝑦) ,
(60)

where 𝑃 = 1/𝑘1,Φ1 = 2𝑘21, Ψ1 = (1 + 𝑘1)2 and 𝛿1 = sign(𝑦).

In the simulation, the disturbance 𝜉𝑖 (𝑖 = 0, 1, 2) is
produced by

̇𝜉 (𝑡) = −𝜉 (𝑡) + 𝑏𝑖𝑤 (𝑡) ,
𝜉𝑖 (0) = 0, (61)

where 𝑏1 = 0.5, 𝑏1 = −0.8, 𝑏1 = 1 and𝑤(𝑡) ∈ R is a zero-mean
white noise whose spectral function equals 1. Therefore, 𝜉𝑖 is
a zero-mean widely stationary process and 𝐸𝜉2𝑖 = |𝑏𝑖|/2; thus,𝐾 = 0.5. Choose the initial values 𝜒(0) = −0.3, 𝑥1(0) = 0.15,𝑥2(0) = 0.2 and the design parameters 𝑘1 = 3.7, 𝑑𝜀 = 0.5,𝑟1 = 1, 𝜖1 = 0.3, 𝑑1 = 0.5, 𝑟2 = 1, 𝜖2 = 0.5, 𝑑2 = 0.2, 𝑐1 = 0.5,𝑐2 = 0.4, 𝑟𝜃 = 0.0075, 𝜎 = 2.5, 𝑥1(0) = 0, 𝜃(0) = 0, 𝑟𝜀 = 1/𝑟1 +1/𝑟2, 𝜀0 = (1/𝛾0)(𝑟𝜀(2/𝛾)(𝛾2 + 𝑘1𝛾1)2|𝑃|2 + ∑2𝑗=1 𝜖𝑗(𝛾21/𝛾)) =(2/5)𝑟𝜀(1 + 𝑘1)2(1/𝑘21) + 𝜖1 + 𝜖2.

Figure 1 shows the system responses of closed-loop sys-
tem. From the results of simulation, the response of closed-
loop system is all bounded and the output𝑦 can be practically
regulated to zero.
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6. Conclusion

In this paper, a class of random nonlinear systems with
unmodeled dynamics and uncertain nonlinear functions is
investigated. Based on a reduced-order observer, an adaptive
output feedback stabilization controller is designed such
that the mean square of the output can be made small
enough by choosing the appropriate parameters.Themethod
of ordinary differential equations is used to analyze the
stability of the closed-loop system. A simulation example
demonstrates the effectiveness of the proposed scheme.

There are other problems under current investigation
such as the tracking control, the control based on stochastic
small-gain technique, the control based on changing sup-
ply function technique, and their practical application. In
addition, one can try to apply these methods to generalized
triangular form systems driven by colored noise.
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