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Fixed-Time Stabilization for A Wheeled Mobile
Robot With Actuator Dead-Zones

Zicheng Yang, Yulu Zhao and Fangzheng Gao

Abstract—In this paper, the problem of fixed-time stabiliza-
tion is addressed for a unicycle-type wheeled mobile robot
with actuator dead-zones. A novel switching control strategy
is given to overcome the obstacle that the presence of actuator
dead-zones renders the traditional feedback control technique
inapplicable to such mobile robot. Then, by employing the
adding a power integrator(API) technique, a state feedback
controller is successfully developed to regulate all states of
closed-loop system (CLS) to zero in a given fixed time. Finally,
simulation results are given to confirm the efficacy of the
proposed method.

Index Terms—wheeled mobile robot, actuator dead-zones,
adding a power integrator (API), fixed-time stabilization.

I. INTRODUCTION

HE wheeled mobile robot (WMR) has attracted much

attention in the past years because it wide applica-
tions in entertainment, security, war, rescue missions, spa-
cial missions, assistant health-care, etc [1-3]. An important
feature of WMR that the number of control inputs is fewer
than the number of freedom degrees, leads to the control
of WMR challenging. As pointed out by Brockett in [4],
there is not any continuous time-invariant state feedback
to stabilize such category of nonlinear systems. To address
this difficulty, a number of control approaches have been
proposed, mainly including time-varying feedback [5-7] and
discontinuous time-invariant feedback [8,9]. Thanks to these
valid approaches, many significant results have been made,
e.g., [10-16] and the references therein.

Noted that majority existing results mainly centre around
the asymptotic behavior of system trajectories as time verges
to infinity. However, in practical applications, the CLS is
desired to have the property that trajectories converge to the
equilibrium in finite time. Moreover finite-time stable system
possesses the superior properties of fast response, good
robustness and disturbance rejection [17]. Motivated by these
facts, the research on finite-time control has become popular
recently [18-20]. Especially, as the preliminary research, the
work [21] addressed the problem of finite-time stabilization
by state feedback for a family of nonholonomic systems
with some weak drifts. Whereafter, the problems of adaptive
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finite-time stabilization with linear/nonlinear parameteriza-
tion were studied in [22] and [23]. By relaxing the limitation
on system growth, the authors in [24] extended the work
of [21] to a general category of nonholonomic systems.
An output feedback controller was developed in [25] to
finite-time stabilize a category of nonholonomic systems in
feedforward-like form. Later, this result is further extended to
the high order case in [26] and [27]. But a common drawback
of the aforementioned studies is that the convergence time
depends on initial system conditions, which renders that
the desired performance in an exact preset time cannot
be achieved. Recently, to remove the limitation of finite-
time algorithm, a novel finite-time stability concept that
requires the convergence time of a global finite-time stable
system being bounded independent of initial conditions, was
introduced in [28]. Such stability, usually called fixed-time
stability, offers a new perspective to study the finite-time
control problems and has stimulated some interesting results
[29-32]. However, the effect of the actuator dead-zone is
ignored in the aforementioned results.

In reality, owing to physical limitations of device, in-
put dead-zone nonlinearity inevitably are suffered during
operation in many real systems. Such unexpected property
could seriously degrade the system’s performance [33-35].
Therefore, the interesting question naturally arises: For a
WMR with actuator dead-zones, is it possible to devise a
controller to achieve the fixed-time stabilization? If possible,
how can one design it?

Motivated by the above observations, this paper focuses on
solving the problem of fixed-time stabilization of nonholo-
nomic WMR with actuator dead-zones. The contributions
are highlighted as follows. (i) The fixed-time stabilization
problem of nonholonomic WMR with actuator dead-zones
is studied. (ii)) A novel switching control strategy is given
to overcome the obstacle that the presence of actuator dead-
zones renders the traditional discontinuous feedback control
technique inapplicable to nonholonomic systems. (iii) By
employing the API technique, a systematic state feedback
control design procedure is proposed to ensure all states of
the CLS to zero for any given fixed time.

Notations. In this paper, the notations used are fairly
standard. Specifically, for any ¢ > 0 and n € R, the function
[n]€ is defined as [n]® = sign(n)|n|¢ with the standard signum
function sign(-).

II. PROBLEM STATEMENT AND PRELIMINARIES

Consider a tricycle-type WMR shown in Fig.1. The kine-
matic equations of this robot are represented by

Te. =wvcosb,
Yo = vsinb, (1)
0 =w,
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Fig. 1. The planar graph of a mobile robot.

where (z.,y.) denotes the position of the center of mass of

the robot, 6 is the heading angle of the robot, v is the forward

velocity while w is the angular velocity of the robot.
Introducing

o = 95

r1 = T.8inf — y.cosb,

Tog = T cos0 + y.sin b, 2)
Up = w,

Uy =,

and taking into the inevitably presence of the actuator dead-
zones in reality, the dynamics of (1) can be modelled as

io = DO(UO),
&1 = x2Do(ug), 3)
&2 = Di(u1) — 21 Do(up),

where D; (j = 0,1) is the dead-zone input nonlinearities
described by

mj(uj — bj), u; > bj,
Dj(’le) = 0, —bj < Uj < bj, (4)
m;(uj + bj), u; < —bj,

with m; and b; being the slopes and the breakpoints of the
dead-zone characteristic, respectively.

Remark 1. Consider the system (3) with free of actuator
dead-zones. With the traditional discontinuous feedback con-
trol technique, one can design ug = —x to ensure xo(t) # 0
(or equivalently, ug(t) # 0) for all ¢ > 0 provided 2 (0) # 0.
Then, by introducing the discontinuous change of coordinates
z1 = x1/up and 2o = o to overcome the obstacle that the
z-subsystem is uncontrollable in the case of ug = 0, one can
change the x-subsystem into a strict-feedback-like form

{ 2.’1:,224-2’17

s 2
Z2 = U1 — T2,

&)

and solve the stabilization problem by the well-known
‘backstepping’ technique or its variations. However, when
the actuator dead-zones are involved, it is clear that such
transformation fails to work. That is, the traditional discontin-
uous feedback control technique is inapplicable to the dead-
zone constrained nonholonomic systems. Consequently, new
control techniques are wanted for solving the problem of
global stabilization of the dead-zone constrained system (3).

The following, assumption, definitions and lemmas will
serve as the basis of the coming control design and perfor-
mance analysis.

Assumption 1. There are positive constants m, m, b and
such that for j = 0, 1,onehas m < m; <mandb < b; <b.
Definition 1('7), Consider the nonlinear system

I

i = f(t,z) with f(t,0)=0, z€ R, (6)

where f: Rt x R™ — R" is continuous with respect to x.
The equilibrium z = 0 of the system is globally finite-time
stable if it is Lyapunov stable and for any initial condition
x(tp) € R™ at any given initial time to > 0, there is a
settling time 7" > 0, such that every x(t, to, x(to)) of system
(6) satisfies lim;_,7 2(¢,tg, 2(tg)) = 0 for t € [to,T) and
x(t,to,x(tp)) = 0 for any ¢ > T.

Lemma 1'7), Consider the nonlinear system described in
(6). Suppose there is a C* function V (¢, ) defined on R,
class K functions m; and 79, real numbers ¢ > 0 and 0 <
a <1, fort € [tg,T) and x € R™ such that

m(|z]) < V(¢ z) < ma(|x]),VE > to, Vo € R",

and

V(t,z) +cV(t,x) <0,Vt >ty ,Vz € R".
Then, the origin of (6) is globally finite-time stable with

VI (to, (to))

Definition 28], The origin of system (6) is referred to be
globally fixed-time stable if it is globally finite-time stable
and the settling time function T'(z) is bounded, that is, there
exists a positive constant T,q, such that T'(z9) < Tiaz,
Vzg € R™.

Lemma 2[28], Consider the nonlinear system (6). Suppose
there exist a C!, positive definite and radially unbounded
function V(z) : R™ — R and real numbers ¢ > 0, d > 0,
0 <a<1,vy>1,such that

V(z) < —cV(z) —dV"(z), Yz € R™

Then, the origin of system (6) is globally fixed-time stable
and the settling time 7T'(z() satisfies

1 " 1
c(l—a) dy—-1)

Lemma 356, For any z, y € R, and a constant a > 1,
one has

T($0) S Tma:c =

Vg € R™.

|z +y|* < 2% Ha® 4y
(lz] + [y < |29 + |y < 207D/ (jz] 4 [y])H/*.

Lemma 40, If ¢, d are positive constants, then for any
real-valued function (u,v) > 0, one has
d

—(57'3/d(u,v)|v|c+d.

c d c c+d
< _
|u]v]® < C+d5(u,v)|u| + T d

III. FIXED-TIME CONTROL

In this section,a constructive procedure for the finite-time
stabilizer design of system (3) is given for any given settling
time 7" > 0.
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A. Fixed-time stabilization of the x-subsystem

For the x(-subsystem, take
Uy = Uy, (N

where wu is a constant satisfying uj > b. Then, the z-
subsystem in this case is described as
&1 = hywa,
{ Ty = hauy + P2(72), ®
with hy = DO(CS)’ ho = 1 and &5 = —l’lDo(Ca). As a
result, it is easily checked from Assumption 1 that
Proposition 1. Under (7), the solution of the zg-
subsystem z((t) is well-defined on [0, +00) and there are
positive constants C, h;; and h;2, @ = 1,2 such that
hir < hi < hig and |@o] < Clay|.

Next, the system (8) will be stabilized within the settling
time 67 by employing API technique. Before proceeding,
we take 1 = land ;41 =r;+7 >0, ¢ = 1,23 with
T € (7711,0) being a negative number, and introduce the
following coordinate transformation:

& = [zi]™ — a1,
Qg = _g;i+1 (‘fi)[Ei]”Jrl) i= 1) 27 (9)

where ap = 0, oz = uy and g;(#;) > 0 is a C'* function to
be specified later.
We further define W; : R® — R as follows:

_ i 1 1712 T
Wi (z:) = / (157 — [ ] ds.

i—

(10)

The detailed design procedure is elaborated as follows.

Step 1. For the z;-subsystem of (8), take x5 as the virtual
control input. Choose Vi = Wi and g1 = ((1 + 11 +
l2|§1|p)/h11)% with design parameters [y > 0, I3 > 0 and
p > —7 to be determined later, one has

Vi <=1+ W)€ = laf& PP + 6] "2 (22 — an).
(11)
Step 2 . Consider the second Lyapunov function Vo =
Vi + Ws. It can be deduced from (15) that

Vo < —(1+0)[& ] — &
+ha[61]*7 (22 — an) 5%5/2]243@2
277’3 2
+hol€]* 7 Dy (u1) + oz

(12)

hlzg.

First, we observe from Lemmas 3 and 4 that

hl6]> " (22 — 1) < 2h|&]PT2 &l

1 (13)
< §|§1|2+<P21|§2|27

where @91 > 0 is a C' function.

Then, by using Lemmas 3 and 4, we have
oWy
621

y 1
[0 + ——=hiz < Sl +eml&l’,  (14)

where @99 > 0 is a C' function.
Choosing

15)

(11 + @21 + pa2 + 12|§2|p)%
g2 = )
ha1

and substituting (13), (14 and (15) into (12), we have

2 2
Vo < -l Z 1517 = 12 Z &[>
j=1 j=1
+ho[€)777 (D (u1) — az) .

Thus, from Assumption 2, the control u; is designed as

(16)

a2 +l_7, ag >0,
up =4 0, as =0, (17)
% — E, as <0,
m
which renders
Dy (u1) — as
my ("—H+E—b1)—a2, a > 0,
m
= 07 Qg = 0;
mi <n_+1 *1_74’ bl) + (*042), ag < 0.
m
1 _
E(ml—m)a2+m1(b—b1)>0, ag > 0,
= 0, az =0,
1 _
E(mlfm)ag—ml(b—b1)<0, ag < 0.
o (18)
By noting —[¢2]?>""3ap > 0, one gets
such that
2 2
Vo <=l Y G =1 ) 162, (19)
j=1 j=1

where V, = 25:1 W;.
Consequently, the following result is obtained.
Proposition 2. If the controller u; of system (8) is
specified by (17) with design parameters {; > 0, ls > 0
and p > —7 satisfying

242p+T
2(r—=2)  (2—-7)2 2~ <7 (20)
ol Ola(p + 1) ’

then the equilibrium x = 0 of CLS is globally fixed-time
stable and all the trajectories converge to zero before a fixed
time 67'. ) )

Proof. According to (x; — a;—1)([2:] 7 — [ci—1]77) > 0,
we easily verify that V5 = 2521 W; is positive definite
and radially unbounded. Moreover, we have the following
estimation for V5.

2 2
Vo= ;<2 |G

j=1 j=1
Letting o« = 2/(2 — 7), it is not difficult to obtain that

2
1 (0%
=D IGIP < —5vs
j=1

On the other hand, taking (21) into account, it can be
deduced that

21

(22)

2 2 24p
—r 2—T1
=Yl == (16P)
j=1 j=1
" e (23)
_2+p —r\2-7
<2 EE (gl
j=1
< =272y,
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where v = (2+p)/(2 — 7).
Therefore, by considering (19), (22) and (23), it follows
that 1
Vs < —5111/2“ — 12772y (24)
Since a < 1 and v > 1, from Lemma 2, we conclude that
the equilibrium z = 0 of the closed-loop system is globally
fixed-time stable and the settling time function 7} satisfies

T 2 2771
1<
11(1 — Oé) lg(’)/ — 12+ N
p  p+T
_2(r—=2)  (2—-7)2%7n>r (25)
LT lalp+7)
< 0T.
3
2.5F
ol
1.5F
n
05F
ok
0% 1 2 3 4 5 6 7 8 9 10
Time(sec)
Fig. 2. xo.

B. Fixed-time stabilization of the x-subsystem

From Proposition 2, it si known that 2(¢) = 0 when ¢ >
0T. Since @(t) = 0, z(t) = 0 holds for ¢ > 0T in spite
that a new controller will be designed for vy when ¢ > 67
Hence, it is just needed to stabilize the xg-subsystem in a
fixed time 7. In this case, for the x(-subsystem, the control
«yg is taken as

ag = —(mo + mq|xo|?)[x0]?, (26)
where o _
D4h ap>0,
m
ug =< 0, ag =0, 27)
% _ E, ap <0,
m

and 0 <o <1, mg>0,m; >0and ¢ > 1 — o are the
design parameters to be determined later.

Proposition 3. If design parameters 0 < o < 1, mg > 0,
mq >0 and ¢ > 1 — o in (27) satisfy

2 n 2

mo(l—0)(1—=0) my(c+q—1)(1-0)
then the state xg is regulated to zero within a fixed settling
time (1 —6)T.

Proof. The proof of Proposition 3 follows the same line
of the proofs of Proposition 2.

<T, (28)

Consequently, the following theorem is obtained to sum-
marize the main result of the paper.

Theorem 1. If the following switching control strategy
with the appropriate chosen design parameters is applied to
system (3), then the states of the CLS are regulated to zero
within any given settling time 7.

15

X
1 1
Iy --%
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1l
|}
1
\
\
05F Y
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A\
hY
N
~ -
of
-0.51
1 | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10
Time(sec)
Fig. 3. z1 and 2.

IV. SIMULATION RESULTS

In this section, we illustrate the effectiveness of the pro-
posed approach by taking the dead-zone input nonlinearities
Dj, j = 0,1 described by (4) with m; = 1 4+ 0.2sint,
b; = 0.3 4+ 0.1 cost respectively. In this situation, it is clear
that Assumptions 1 holds with m = 0.8, m = 1.2, b = 0.2
and b = 0.4. Furthermore, by setting ug = ¢} with ¢} > b
being a positive constant, it is easily verified that Assumption
2.1 is satisfied with v = 0, Ay = Ao = A3 = 1 and
P2 =m(cg — b).

Taking 7 = —1/3 and following the design procedure
given in Section III, a state feedback controller of from (17)
is constructed such that the states of the x-subsystem of (3)
are globally regulated to zero within a fixed settling time 7.

Then, when t > 6T, for the z(-subsystem, switch the
control input ug to (26) such that the state xg is regulated to
zero within a fixed settling time (1 — 6)7.

In the simulation, by choosing the fixed time 7' = 10
and the gains for the control laws as uj = 1, {1 = 4,
lQ :5,[):2,9:0.8,(]1 = (g2 = 1,p:0.8,
=12 0=05and my =m; =q = 2, Figs. 2 and
3 is obtained to exhibit the responses of the closed-loop
system with (z0(0),21(0),22(0)) = (-0.5,—1,1). From
the figures, it can be seen that the states of the closed-
loop switched system converge to zero in a given fixed time,
which demonstrates the effectiveness of the control method
proposed in this paper.

V. CONCLUSION

This paper has studied the problem of fixed-time stabiliza-
tion by state feedback for nonholonomic WMR with actuator
dead-zones. By employing the API technique, a constructive
state feedback design procedure is given, which together with
a novel switching control strategy, ensures that the states of
the CLS are regulated to zero for any given fixed time.

Volume 48, Issue 3: September 2021 (Revised online publication: 16 November 2022)



TAENG International Journal of Computer Science, 48:3, [IJCS 48 3 07

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8

[t}

[9

—

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

REFERENCES

A. Gorbenko and V. Popov, “Visual landmark selection for mobile
robot navigation, ” IJAENG International Journal of Computer Science,
vol.40, no.3, pp.134-142, 2013.

Y. L. Shang, D.H. Hou, and F. Z. Gao, “Global output feedback stabi-
lization of nonholonomic chained form systems with communication
delay, ” IAENG International Journal of Applied Mathematics, vol.46,
no.3, pp. 367-371, 2016.

Y. L. Shang, H. S. Li, and X. W. Wen, “Asymptotic stabilization
of nonholonomic mobile robots with spatial constraint,” Engineering
Letters, vol. 26, no. 3, pp. 308-312, 2018.

R. W. Brockett, “Asymptotic stability and feedback stabilization,  in:
R.W. Brockett, R.S. Millman, and H.J. Sussmann (Eds.), Differentical
Geometry Control Theory, pp. 2961-2963, 1983.

C. Samson, “Velocity and torque feedback control of a nonholonomic
cart,” Advanced robot control, Springer Berlin Heidelberg, pp. 125-
151, 1991.

C. Samson, “ Control of chained systems application to path following
and time-varying point-stabilization of mobile robots,” IEEE Transac-
tions on Automatic Control, vol.40, no.1, pp. 64-77, 1995.

R. T. M’Closkey, R. M. Murray, “Exponential stabilization of drift-
less nonlinear control systems using homogeneous feedback,” IEEE
Transactions on Automatic Control, vol.42, no.2, pp. 614-628, 1997.

A. Astolfi, “Discontinuous control of nonholonomic systems,” Systems
and Control Letters, vol.27, no.1, pp. 37-45, 1996.

Z. P. Jiang, “Robust exponential regulation of nonholonomic systems
with uncertainties,” Automatica, vol.36, no.2, pp.189-209, 2000.

S. S. Ge, Z. P. Wang, and T. H. Lee, “Adaptive stabilization of uncer-
tain nonholonomic systems by state and output feedback,” Automatica,
vol.39, no.8, pp.1451-1460, 2003.

Y. Q. Wu, G. L. Ju, and X. Y. Zheng, “Adaptive output feedback
control for nonholonomic systems with uncertain chained form,”
International Journal of Systems Science, vol.41, no.12, pp. 1537-
1547, 2010.

F. Z. Gao, F. S. Yuan, and H. J. Yao, “Robust adaptive control for
nonholonomic systems with nonlinear parameterization,” Nonlinear
Analysis: Real World Applications, vol.11, no.4, pp. 3242-3250, 2010.
F. Z. Gao, F. S. Yuan, and Y. Q. Wu, “State-feedback stabilisation
for stochastic non-holonomic systems with time-varying delays,” IET
Control Theory and Applications, vol.6, no.17, pp. 2593-2600, 2012.
F.Z. Gao, F. S. Yuan, H. J. Yao, and X. W. Mu, “Adaptive stabilization
of high order nonholonomic systems with strong nonlinear drifts,”
Applied Mathematical Modelling, vol.35, no.9, pp.4222-4233, 2011.

Y. Q. Wu, Y. Zhao, and J. B. Yu, “Global asymptotic stability controller
of uncertain nonholonomic systems,” Journal of the Franklin Institute,
vol.350, no.5, pp. 1248-1263, 2013.

J. Zhang and Y. Liu, “Adaptive stabilization of a class of high-order
uncertain nonholonomic systems with unknown control coefficients,”
International Journal of Adaptive Control and Signal Processing,
vol.27, no.5, pp.368-385, 2013.

S. P. Bhat and D. S. Bernstein, “Finite-time stability of continuous
autonomous systems,” SIAM Journal on Control and Optimization,
vol.38, no.3, pp. 751-766, 2000.

F. Z. Gao, Y.Q. Wu, and Y. H. Liu, “Finite-time stabilization for
a class of switched stochastic nonlinear systems with dead-zone
input nonlinearities, ~ International Journal of Robust and Nonlinear
Control, vol.28, no.9, pp. 3239-3257, 2018.

F. Z. Gao, Y.Q. Wu, Z. C. Zhang, and Y. H. Liu, “Finite-time
stabilisation of a class of stochastic nonlinear systems with dead-zone
input,” International Journal of Control, vol.92, no.7, pp. 1541-1550,
2019.

F. Z. Gao, X.C. Zhu, Y.Q. Wu, J. C. Huang, and H. S. Li, “Reduced-
order observer-based saturated finite-time stabilization of high-order
feedforward nonlinear systems by output by output feedback,” ISA
Transactions, vol.93, pp. 70-79, 2019.

Y. G. Hong, J.K. Wang, and Z.R. Xi, “Stabilization of uncertain
chained form systems within finite settling time,” IEEE Transactions
on Automatic Control, vol.50, no.9, pp.1379-1384, 2005.

J. Wang, G. Zhang,and H. Li, “Adaptive control of uncertain nonholo-
nomic systems in finite time,” Kybernetika, vol.45, no.5, pp.809-824,
2009.

F. Z. Gao, Y. L. Shang, and F. S. Yuan, “Robust adaptive finite-time
stabilization of nonlinearly parameterized nonholonomic systems,”
Acta applicandae mathematicae, vol.123, no.1, pp.157-173, 2013.

Y. Q. Wu, F. Z. Gao, and Z. G. Liu, “Finite-time state feedback
stabilization of nonholonomic systems with low-order nonlinearities,”
IET Control Theory and Applications, vol.9, no.10, pp.1553-1560,
2015.

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

F. Z. Gao, Y. Q. Wu, and Z. C. Zhang, “Finite-time stabilization of
uncertain nonholonomic systems in feedforward-like form by output
feedback,” ISA Transactions, vol.59, pp.125-132, 2015.

Y. L. Shang, D. H. Hou, and F. Z. Gao, “Finite-time output feed-
back stabilization for a class of uncertain high order nonholonomic
systems,” Engineering Letters, vol.25, no.1, pp. 3945, 2017.

F. Z. Gao, X. C. Zhu, J. C. Huang, and X. L. Wen, “Finite-time state
feedback stabilization for a class of uncertain high-order nonholonomic
feedforward systems,” Engineering Letters, vol.27, no.1, pp. 108-113,
2019.

A. Polyakov, “Nonlinear feedback design for fixed-time stabilization
of linear control systems,” IEEE Transactions on Automatic Control,
vol.57, no.8, pp. 2106-2110, 2012.

F. Z. Gao, Y. Q. Wu, Z. C. Zhang, and Y. H. Liu, “Global fixed-time
stabilization for a class of switched nonlinear systems with general
powers and its application,” Nonlinear Analysis: Hybrid Systems,
vol.31, pp. 56-68, 2019.

F.Z. Gao, Y. Q. Wu, and Z. C. Zhang, “Global fixed-time stabilization
of switched nonlinear systems: a time-varying scaling transformation
approach,” IEEE Transactions on Circuits and Systems II: Express
Briefs, vol.66, no.11, pp.1890-1894, 2019.

Y.L. Shang and J. C. Huang, “Fixed-time stabilization of spatial
constrained wheeled mobile robot via nonlinear mapping,” IAENG
International Journal of Applied Mathematics, vol.50, no.4, pp. 791-
796, 2020.

F. Z. Gao, C.L. Zhu, J. C. Huang, and Y. Q. Wu, “Global fixed-time
output feedback stabilization of perturbed planar nonlinear Systems,”
IEEE Transactions on Circuits and Systems II: Express Briefs, vol.68,
no.2, pp.707-711, 2021.

G. Tao and P. V. Kokotovic, “Adaptive control of plants with unknown
dead-zones,” IEEE Transactions on Automatic Control, vol.39, no.l,
pp-59-68.

F. Z. Gao, Y. Q. Wu, and Y. H. Liu, “Finite-time stabilization for a
class of switched stochastic nonlinear systems with dead-zone input
nonlinearities,” International Journal of Robust and Nonlinear Control,
vol.28, no.9, pp.3239-3257, 2018.

F. Z. Gao, Y. Q. Wu, and Y. H. Liu, “Finite-time stabilisation of a class
of stochastic nonlinear systems with dead-zone input,” International
Journal of Control, vol.92, no.7, pp.1541-1550, 2019.

X. J. Xie, N. Duan, and C. R. Zhao, “A combined homogeneous
domination and sign function approach to output-feedback stabilization
of stochastic high-order nonlinear systems,” IEEE Transactions on
Automatic Control, vol. 59, no.5, pp. 1303-1309, 2014.

REVISION

It is an updated version made on November 16, 2022.
Compared with the original version, this version has no
content changes, but only indicates that the corresponding
author of this paper is Fangzheng Gao.

Volume 48, Issue 3: September 2021 (Revised online publication: 16 November 2022)





