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Abstract: This paper investigates the problem of global finite-time stabilization by output feedback for a class of
high-order time-varying nonlinear systems with uncertainties. By introducing sign function and necessarily modi-
fying the homogeneous domination approach, a continuous output feedback controller is successfully constructed
to guarantee the global uniform finite-time stability of the resulting closed-loop system. A simulation example is
provided to illustrate the effectiveness of the proposed approach.
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1 Introduction see [4-10] and the references therein. Nevertheless, it
_ _ _ _ should be noted that most of the existing works only
In this paper, we consider the following high-order consider the feedback stabilizer that makes the trajec-

time-varying nonlinear systems: tories of the systems converge to the equilibrium as
. ; . the time goes to infinity.
P , - . o
i =i + filthz,u), i=1,-,n -1 1) Compared to the asymptotic stabilization via out-

n = u + fu(t, ,u) put feedback, the finite-time stabilization by output

feedback is a relatively new problem. In fact, even
in the case of global stabilization of system (1) us-
ing state feedback, there are very few results in the
literature[11-16]. In the case when parts of the states
. i ] are not measurable, to globally stabilize system (1)
R,i=1,---,n are unknown continuous functions of  opy ysing limited measurable states becomes chal-

all the states and the control input. _ lenging. Recently, some attempts have been made[17-
The importance for studying such system is ex- 19]" |n particular, [19] solved the finite-time out-

emplified in the papers[1,2], where state feedback i feedback stabilization problem under the condi-
controllers were used to stabilize the underactuated, tjon that f; satisfies

weakly coupled, unstable mechanical system. How-

wherer = (x1,---,2,)" € R", u € R are the sys-
tem state and input, respectively; € Rz, :={Z | p
and ¢ are positive odd integers, apd> ¢} are said to
be the high orders of the systefy;: R™ x R*" x R —

ever, to globally stabilize of system (1) using only i gt
its measurable output has been widely recognized as |fi(t, z,u)| < CZ || "
a challenging problem due to the lack of nonlinear j=1

version of separation principle. Moreover, Jacobian

linearization of system (1) at the origin being neither Where 7 is some ratios of odd integers in
controllable nor feedback linearizable for the case of (~ a5+ 0)- Naturally, the following inter-

p; > 1, leads to that the output feedback stabilization esting problem is proposeds it possible to relax the

of system (1) becomes more complex. Mainly thanks assumption om andr; ? Under the weaker condition,

to the homogeneous domination approach introduced can a finite-time output feedback stabilizing controller
in [3], the novelty of which is that no precise infor- be designed?

mation about the nonlinearities is needed, the output In this paper, by introducing a combined homo-
feedback stabilization of system (1) has been well- geneous domination and sign function approach, and
studied and a number of interesting results have been overcoming some essential difficulties such as the
achieved over the past years, for example, one can weaker assumption on the system growth, the appear-
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ance of the sign function and the construction of a
C', proper and positive definite Lyapunov function,
we will focus on solving the above problem.

2 Mathematical Preliminaries

The following preliminaries are to be used throughout
the paper.

Notations. Throughout this paper, the follow-
ing notations are adopted.R" denotes the set of
all nonnegative real numbers and” denotes the
real n-dimensional space. For any vector =
(1’1, e ,:L'n)T € R™ denotez; = (1’1, oo ,:L'Z')T S
Ri,i=1,---,n, |z| = (3", 2%)2. K denotes the
set of all functions: R™ — R™, which are contin-
uous, strictly increasing and vanishing at zer@,,,
denotes the set of all functions which are of cléss
and unbounded. A sign functiogign(x) is defined
as follows: sign(z) = 1, if > 0; sign(z) = 0, if
x = 0 andsign(xz) = —1, if x < 0. Besides, the ar-
guments of the functions will be omitted or simplified,

whenever no confusion can arise from the context. For

instance, we sometimes denote a functfgm(¢)) by
simply f(z), f(-) or f.

Definition 120/, Weighted Homogeneity: For
fixed coordinategz,---,z,) € R" and real num-
besr; >0,i=1,---,n.

e the dilation A.(z) is defined byA.(z) =
(e"xy,---,e™a,) for anye > 0, wherer; is called
the weights of the coordinates. For simplicity, we de-
fine dilation weightA = (r1,---,7,).

e a functionV € (R", R) is said to be homoge-
neous of degree if there is a real number € R
such thatV' (A.(z)) = "V (xy, -+, z,) foranyz €
R™\ {0}, > 0.

e a vector field f € (R",R") is said to be
homogeneous of degreeif there is a real number
7 € R such thatf;(A.(z)) = 7" fi(x), for any
x€ R"\{0},e >0,i=1,---,n.

e a homogeneoug-norm is defined agz||A , =
(30 Ja;[P/mi)Y/P for all x € R", for a constanp >
1. For simplicity, in this paper, we chooge= 2 and
write ||z A for [|z]| A 2.

Lemma 129, Given a dilation weightA =
(ri,-++,m), supposeV;(xz) and Vo(z) are homoge-
neous functions of degree, and 7», respectively.
Then Vi (x)Va(z) is also homogeneous with respect
to the same dilation weighh. Moreover, the homo-
geneous degree of (z)Va(z) isTy + 2.

Lemma 22°), SupposeV : R* — R is a ho-
mogeneous function of degreewith respect to the
dilation weightA. Then the following holds:
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(i) 0V /0x; is homogeneous of degree- r; with
r; being the homogeneous weightgf

(i) There is a constant such thatV(z) <
c/|lz|’». Moreover, ifV(x) is positive definite, then
cllz]|x < V(x), wherec is a constant.

Lemma 3[2!]. Consider the nonlinear system
&= f(t,x) with f(t,00=0 z € R"™ (2)

where f : R™ x Uy — R"™ is continuous with respect
to x on an open neighborhood, of the originz =
0. Suppose there is &' function V (¢, z) defined on
U C Uy x R, whereU is a neighborhood of the origin,
classK functionsm; andns, real numberg > 0 and

0 < a<l,fort e [tp,T) andz € U such that
() m(|z]) < V(t,z) < mo(|z]), Vt > to, Yz € U;
)V (t,z) + cV(t,x) <0,Vt > tg, Yz € U. Then,
the origin of (2) is uniformly finite-time stable with

T < W for initial conditionz(ty) in some

open neighborhood’ of the origin at initial timet. If
U = Uy = R" andm; andm, are classs, functions,
the origin of system (2) is globally uniformly finite-
time stable.
Lemma 422, Forz € R,y € R, p > 1 and
¢ > 0 are constants, the following inequalities hold:
() |z +ylP < 207 aP + y2|, (i) (2] + [y])'/P <
P [y[ P < 20D (fa| 4 [y[)P, (i) ||| —
WlIP < P = |y[P|, (V) |z[P+ [y[P < (lz]+|y])P, (V)
|[2]'/P [y < 2171 |—y[ VP, (Vi) [[x]P ~[y]P| <
cl —ylllz —y[P~" + [y[P~.
Lemma 5 If p = ¢ € RZ) witha > b > 1
being some real numbers, then for anyy € R
1
2P — yP| < 2'7% | [2]" — [y]*
Lemma 6%4. Let z, y be real variables, then for
any positive real numbetks m andn, one has

alz|™ |y < bla|™ "

_m

n <m+n) nawb_%hﬂmﬂl’
m+n m
whereb > 0 is any real number.
Lemma 723, f(z) = sgn(z)|z|* is contin-

uously differentiable, andf(z) = a|z|*', where
a > 1, € R. Moreover, ifx = z(t), t > 0, then

df(;‘t(t)) = alz|* L ().

3 Output feedback controller design

3.1 Assumption

The following assumption is imposed on system (1) in
this paper.
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Assumption 1. Fori = 1,---,n, there are con- with 27 = 0. From (6), it follows that

stantse > 0 andr € (—m, 0) such that .

o Vi < —nL& + LGP (4 —2™)  (8)

i Ti+T
|filt, @, u)| < CZ ENNE 3) where the virtual controller is chosen as
j=1
Z; — _nl/fnlzyl"‘ﬂ/pl — _671“2 [51]7"2 9)

wherer; = 1, rj = ”;T, i = 1,---,n and _ _
S p1 -+ pi_y for the case of = 1. Stepi (i = 2,---,n). In this step, we can ob-

The objective of this paper is to design an output t@in the following property, whose similar proof can
feedback controller for system (1) under Assumption P€ found in [23] and hence is omitted here.

1 such that the closed-loop system is globally finite- Proposition 1. Assume that at step— 1, there is

time stable. aC', proper and positive definite Lyapunov function
Remark 1. In the recent paper [19], itis assumed  Vi-1, @nd asetofvirtual controllers, - - -, z* defined

thatt = § with p being any even integer angdbe- by

ing any odd integer, then; is always a ratio of odd . B 1 “1/m

integers. Therefore, an interesting problem is howto 21 — & . & = [21]1 - [zl]l

design a finite-time output feedback controller for (1) 2 = —O’lal™ & = [z — [5])"/

under the weaker assumption ofand r; being ar- : :

bitrary real numbers in some interval. In this paper, o= -G, & = [z«]l/” _ [Zﬂ1/ri

we will ingeniously combine homogeneous domina- ~* AR ‘ : (10)

tion theory and sign function approach to solve this | iih 8

; . >0, ---, 3;_1 > 0 being constant, such that
problem. Furthermore, it should be mentioned that fiza g

the value range of in Assumption 1 is larger than i—1
that in [19]. Vig<—(n—i+2)L> &
We introduce an equivalent coordinates transfor- = (11)
mation: +[§i_1](2a—r—ri,1)(zfi71 _ Z:‘Pi—l)
. Pn
21 =x1, %= %, 1=2,--,n, V" = % Then theith Lyapunov function defined by
(4) Zi 2—T—1;
wherek; = 0, K11 = "””gl, i=1,---,n—1and Vi=V,_; +/ [[3]1/’“2' - [z;]l/?“z‘] ds
L > 1 is a constant to be determined. Then, under z]
(4), system (1) is transformed into: i N o (12)
is C'!, proper and positive definite, and therejs, =
GmLal,+ Ao i1t 57/ such that
%, = LoPn + []%: ) . . ‘L
n i< —(n—i+1 ;
y== (=i DL (13)

+L[§i]2—7—m(2§0i _ Z;‘pz‘ )
3.2 State-feedback controller design for i i

nominal nonlinear system Hence at step, choosing
We first construct a state feedback controller for the nooez 91,
nominal nonlinear system of (5) Vo = Z/ [[3]1/” - [z;*]l/”] ds
) i=1"% ;
2i =Lz, 1=1,---,n—1 = ]t
LT © =Bl = - YAl
i=1

(14)

— 1/r - Ly = .. .
Step 1. Let&; = [«1]V/" and choose the Lya- ;¢ B = By - 3, from Proposition 1, we arrive at

punov function

zZ1 2—T1—7 3 - —T—Tn n *Pn
Vi =W, =/ [l = [z ] s Vo S =LY &+ LT (0P = 20y)

*

1 Jj=1

() (15)
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3.3 Reduced-order observer and gain assign-  whereg; is a continuous function df_1, o; > 0is a
ment constant, ands, = 0.
Proposition 4. For the controllew(z), we obtain

Sincez,, - - -, z, are unmeasurable, we construct a ho-
mogeneous observer P, ’ n‘(z_T_rn,l_m)/m
i = —Lli_lﬁf’”l "
16 Tn— 1/T7L — DPn
I+ laga e, =2, (O T([f & —m)u (22)
_ 2
wherez; = z; andl; > 0; s = 1,---,n — 1 are the 825] +a2;e + gn(ln_1)ex_4
: 1

gains to be determined. By the certainty equivalence
principle, we can replaceg with Z; in (14) and obtain
an output feedback controller

[Zﬁ 2T ar

whereg, is a continuous function df,_1, @ > 0is a
constant.
Proposition 5. Fori = 3,--- | n,

_li_l(zfi—l 2532‘—1)

wherez = (%1, %5, - - -, 4,) and2; = z,. Considering x ( [£] @m0/ — [%](24—”,1)/”,1)
[25] @710/ i(gz 1+ Sz ) + 6 + hi (l )622—1
U; = / ([s]" /G777 —)ds 10 (23)
[yi) BT/ Tim (18) whereh; is a continuous function df_;.
wherey; = n; + 1;_12;_1 and setting the observation ChoosingU = 3 i, U, by Propositions 2-5, we
emor e; = [z~ — P V/ripic1) fori = 2,--- n,
from (6), (16), (18) and Lemma 7, it follows that
] 2
U, = L%zzz_l +L o P aU P v 2 ;&
0z O0zi—1 " 5771 ! _ 9
_2-T—rig L|zy|G-7-ric=r)/r +L< — g +ag +a+gs(lz) + 93(l2)>e2
T -
X ([zi]r =2/ — )2l + Z ( —lisidi t i + 1+ a+ givi(l)
—Llia(7 ™ =5 =
% ([ZZ'](2_T_Ti’1)/Ti _ [éi](2—’r—ri,1)/m> —|—9H_1(lz))622 + (_ln—l)\n + 14+ d)ei
_Lli_l(zpi—l _ 2?1‘—1) - (24)
PN _ _ By (14), (17) and Assumption 1, we can estimate
X ([zz-](Q‘T‘“*”/ T — [y BT/ ”*1) [€,) 277 )/7 (o — 277 ) in (15) by the following
(19) proposition, whose proof is given in Appendix.
wherez, 1 = v(2). Proposition 6. There exists a positive constaiit

Each term on the right-hand side of (19) can be such that
estimated by the following propositions whose proofs
are given in Appendix.

2—T—7Tn n *Pn
Proposition 2. There exists a positive constaxt [€n] o nl-)i-l =7 Z & +a Z €;
such that i=2 (25)
—lia (=2 With the help of Proposition 6, definirig = V,,+

% <[Zi](2_7_m,1)/ri _ [éi](Q_T_n,l)/m> (20) U, combining (15) and (24), and recursively choosing

< —li1he? 1
ln—1 2/\;1<—+1+d+d>
Proposition 3.Fori =2,--- ' n —1, 1 14
lic1 =2 Ay (Z + q;
2—T—T'_1 e . . . i
7Z’|ZZ.|(2 T—Ti—1 m)/n([zi]nq/n _ ’Yi)zf—i-l +l+a+a+ g1 (L) + 01l ))
L ) i=n—1,---,3
< — ' age? + gi(lim1)er 1
<5 :Z_fg ie; + gilli-1)eiy 227" (5 as+ a4 G+ galla) +03(02) )

(21) (26)
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we obtain T Lp(z) < ez (39)
; L o L - 2 i i
T = -1 Zfi _ = Zei (27) By (4), Assumption 1 and. > 1, we can find

constants); > 0 and0 < v; < 1 such that

< e Sl

I SV R AT

Note that from the construction df, it can be
verified thatT is positive definite and proper with re-
specttoZ = (z1,---,2n,M2,---,1n)" . Denoting the
dilation weight

A:(rla"'arnarlf"arn—l) j=1
v e @ < sz
for z1,-,zn  for ma-mn A (34)
the closed-loop system can be rewritten as since it can be seen that by definition = 7x; +
X 1 p1--Pi_1), SO
Z =LE(Z)+ F(Z) (29) / i)
kj(ri +7)
whereE(Z) = (zgl, co Tt P - 0y,) T and o K
F(Z) = (f1, £ Togs s L{;,o, ---,0)T. Furthermore, = it/ propi)tn)
from Definition 1, it can be shown that T“j“/(pl“"’j*l)
B VO o=y @)
n TI{] 1/ D1
T:Vn—i—ZUi (30) _ — (k) — ki) /pl
=2 ( zlzlpl...pl_z_i_l)/( 1..-pj_1)
is homogeneous of degr@e—  with respect taA. <0

Noting that fori = 1,---,n, 0T(Z)/0Z; is ho-
mogeneous of degreé&— 7 — r;, from Lemma 5, we
The main results of the paper can be summarized into obtain
the following theorem: oT(Z)

Theorem 1. For the high-order nonlinear sys- ‘ 97 F(Z)‘
tem (1) under Assumption 1, the output feedback con- "AT(Z) ) fi()
troller uPn — LAn+lyPn in (4), (16) and (17), renders <y ‘—‘ =
that the equilibrium at the origin of the closed-loop i=1 0Z; Il L
system is globally uniformly finite-time stable.

Proof. We prove Theorem 1 by three steps.

Step 1.We first prove that:”» preserves the equi-

3.4 Stability analysis

(36)
< mllZ®)lI3

wherep; is a positive constant.
According to (30), (32), (33) and (36), we get

librium at the origin. . OT(2) oT(2)
From (17) anct,,1p,, = ry + 7, We have T= LE(Z) + F(Z)
" < —(esL — p)||Z(t)|[a (37)
vpn ;3 [Zﬂz 1/7“2} (31) < (032L2_ pl)TQ/(z_T)
Cl/( -7)

By which and the definitions of;'s, we easily see that Hence, by choosing. > maxz{pi/c3,1} there
uPr = L"TlyPr is a continuous function of and exists a constant* such that
uPr(%2) = 0 for 2 = 0. This together with (16) and '
Assumption 1 implies that the solutions Bfsystem T < —c*7?/C=7) (38)

is defined on a time interval, ¢,,), wherety; > 0 ) »
may be a finite constant o#-oo, anduP" preserves From (38) and Lemma 3, we obtain that the equilib-

the equilibrium at the origin. rium z = 0 of the closed-loogg-systems (5), (16) and
Step 2. BecauseT(Z) and E(Z) are homoge- (17) is globally uniformly finite-time stable.
neous of degre@ — r and+ with respect toA, by ~ Step 3. Since (4) is an equivalent transforma-
Lemmas 1 and 2, there is constantscs andcs, such tion, the closed-loop system consisting of (&); =
that LrntlyPnin (4), (16) and (17), has the same proper-
ties as the system (5), (16) and (17). Thus, the proof
allZOIXT<T(Z) <l ZBOIXT (32 is completed.
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4 Extension Noting that fori = 1,---,n, dT(Z)/0Z; is ho-
mogeneous of degree— r — r;, from Lemma 5, one

In this section, we show that the proposed design ohtains

method can be extended to handle the high-order non-

linear system (1) in upper-triangular form. ‘8T(Z) F(Z)‘
Assumption 2. Fori = 1,---,n, there are con- 8Z
1
stantsc > 0 andt € ( ST 0) such that < Z ‘ H e
rit+T
itz u) < e Z ;| (39) < anL””OHZ( )I[A
j=i+2 i=1 (43)

wherery = 1, riy = “;:T, i=1,---,n—1and +Zﬁz’2L1+DO||Z(t —d;(1))|A

S p1 - pi— for the case of = 1. < Lll}r,,o P
By taking the same design procedure in Section p1 12(t )HA
3, except forL, > 1 being replaced by < L < 1, we 4 o L0 Z 1Z(t = ()%
can construct a continuous output feedback controller
applicable to system (1), and thus obtain the following
concluding theorem. where pj1, pio, i = 1,-++,n, p1 = > 1y Pits P2 =
Theorem 2. For the high-order nonlinear sys-  maxi<;<,{pin} andvy = mazi<i<,{v;} > 0 are
tem (1) under Assumption 2, the output feedback con- positive constants.
troller u?» = L 1P~ in (4), (16) and (17), renders According to (29), (32), (40) and (43), one gets
that the equilibrium at the origin of the closed-loop

1=1

system is globally uniformly finite-time stable. . 0T(Z) oT(2)
Proof. The proof can be divided into four steps. V= 0z LE(Z) + EYA F(2)
Since the steps 1 and 2 of the proof are the same to "
those of Theorem 1 and hence are omitted here. Z —||Z ||A Z A Z(t — di(t ))||
Step 3. Becausel'(Z) and E(Z) are homoge- i=1 't
neous of degre@ — 7 and 7 with respect toA, by < —(clL N R Z A )HZ(t)HZ
Lemmas 1 and 2, there is a constantsuch that B —1-9;
_ 14w , 2
ag(ZZ)LE(Z) < —61L||Z(t)||2A (40) _<)\_P2L O) Z;"Z(t_dz(t))“A
. (44)
By (4), Assumption 2 and < L < 1, we can Therefore, by choosing
find constant®; > 0 andz; > 0 such that
A= pp Lt 45
fi() P2 (45)
Ll and
Ki(ri+T7)/ri—K{i . ri+T)/Tj
<a Y Lt/ (|zj(t)|( )7 | . U
j=i+2 0<L<mm{<7 ST T ) ,1}
rib7) /7 P1LT P22 =1 T2y,
it — dj(2))| "+ ]) 11-0, )
- there exists a constadt such that
<SL(1Z@NE + Z 12t = d;®)II5)
V< —&|1Z@1)])? 47
41) < =clZ(®)la (47)
since it can be seen that by definition = 7x; + The rest of the proof is similar to that of Theorem 1
1/(p1---pj-1), SO and hence is omitted here.
kj(ri +7)
—_— — K . .
T 5 Simulation example
_ mi(rRi A1/ (p1-opic) +7) (42)
B TK; +1/(p1---pj—1) ' To illustrate the effectiveness of the proposed ap-
TR+ (ki — k5)/(p1- - pic1) -1 proach, we consider the following low-dimensional
B T’%j _|_ 1/(p1 .o 'pj—l) System
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=

Figure 1: The responses
(48) and (49).

of the closed-loop system

. 5/3 10/11
i =y + 071 /
Tog =u+ %x‘;’/ll + %xé/zsinwg (48)
y=x1
whgrepl = 2 andp, = 1. Chooser = —6ﬁ €
(=g, +o0), thenry = 1, p = ”p% = 17 and

ro+T1

= % By Lemma 6, it can be verified that

p2
f1l < flea "M and | fo] < (|2 /M + Jaof7/6)
sdisfy Assumption 1 witha = % Hence the con-
troller proposed in this paper is applicable. Following

the design procedure given in Section 3, we can get

r3 =

iz = —Lli[n2 + Ly

w=—I8/5 [52[772 + Liy] + B2/ [y] i

(49)

In the simulation, the gains in (49) are chosen as
ﬁl = 2.2, ﬁg = 24,11 = 20and L = 9. With
the initial valuesz,(0) = 0.3, z2(0) = —0.5 ard
n2(0) = —0.2, Figure 1 is obtained to demonstrates
the effectiveness of the proposed controller.

6 Conclusion

In this paper, a continuous output feedback stabiliz-
ing controller is presented for a class of high-order
nonlinear systems under a weaker condition. The
controller designed preserves the equilibrium at the
origin, and guarantees the global uniform finite-time
stability of the systems. Some interesting problems
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are still remained, e.qg., if the growth ratein As-
sumption 1 is an unknown constant, how can design
an adaptive finite-time output feedback controller for
system (1)? In recent years, many results on control
of stochastic nonlinear systems have been achieved
[25-29], but these papers only consider the systems
in time-invariant case. Hence an important issue is
whether the results can be extended to the time vary-
ing counterpart.
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Appendix

Proof of Proposition 2. Noting that (2 — 7 —
ri_l)/ripi_l > 1, by using Lemma 5 Wlth? = 1,
a=>5b= (2 - T — ri_l)/ripi_l ande; = [25171 —
gPi=tl/rivi1 one leads to

iy (= )

X [Zi](2—T—7‘i,1)/7‘i _ [éi](2—T—7‘i,1)/7’i

(A1)

< _li_l)\i‘eiyl/ﬁ'pi—l‘ei‘(2—7—7'i71)/7’ipi71

= —li1\ie}

where)\; = 2(riri-1-2)/(2=7-7i-1) > () js a constant.
Proof of Proposition 3. Usingvy;, = n; +

li_1zi—1, (10), (16) and Lemmas 4-6, it follows that

2—T7—1r;1 e —r Y s ) ) )
szzi‘(z Ti—1 717.)/717.([22,]7'271/7'2 _fy)zfil

1
1
= 2T —Ti ((2=T=Tim1 =) /T
= 23]

([l = e B - ) o
2_77%‘&_’_1 _ @.gi‘mﬂpi
x|&i - Bi—1&i—y| @77 Tim )
A A L P PR 5:'—1\)>
< ki3<|£i+1|m+1pi + |£i|7"i+lpi)

% (|£i|2—7—ri,1—ri i |£i_1|2—r—ri,1—ri)

X(les]" 7t + limaleia|™")

| i
<1 > &+ aie] +gillio)el

i1

<

X (yz

(42)
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wherek;3 > 0, o; > 0 are constants ang is a con-
tinuous function of;_;.

Proof of Proposition 4. By (10), (17) and the
definition ofe;, one gets

o (2)] = (Zﬁ ik
< ’m(Z ;| (rntT)/e 4 Z ‘ei‘(rn-i-’r)/zr)
=1 =1

(43)

pnrn+1/0'

wherek;4 is a positive constant.

Similar to (A2), with the use of Assumption 1,

Lemmas 4-6 and (A3), (22) holds immediately.

Proof of Proposition 5. According toy; = n; +
li—1zi—1, (10), Lemmas 3-5 and the definition ef,
one obtains

lz 1( Di— 2;{72'—1)
X ([Zi](2_7_ri71)/ri _ [,yi](Q—T—Tifl)/Tifl)

< —limaleg TP [ + oy By )BT/
—[mi + L1251 )7 i)/
< Fons|es [Pt ej_q |1 (,ei_lyz—T—zri,l
‘Hfz BT 4| g 2T 4 ‘ei‘2—r—2ri,1)
L ey e,

- 16
(A4)
wherek,,; is a positive constant arig is a continuous
function ofl;_;.
Proof of Proposition 6. By (10), (22) and Lem-
mas 4-6, it follows that

[5 ](20’—T—7‘n)/0'(,upn _ z:f—)i-nl)

e “([Z@ ]
[Zﬂ WW)
Zﬁz
< kn6|sn|2—7—”(iz_; 25 — &
e i)
< Fualtnl 7 (el
X (e 17+ a1 + &)

1 n n
< ZZ@M&Z%
i=1 =2

) Tn+T
< |£ |2 T—Tn z 1/n _ ]1/7“2)

rn+T

Tn+T
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wherek,, knc anda are positive constants.

References:

[1]

2]

[3]

[4]

[6]

[7]

[8]

[9]

C. Rui, M. Reyhanoglu, |. Kolmanovsky, et al,
Nonsmooth stabilization of an underactuated un-
stable two degrees of freedom mechanical sys-
tem, In Proceedings of the 36th IEEE Confer-
ence on Decision & ContrplEEE, San Diego,
1997, pp. 3998-4003.

C. Qian, W. Lin, A continuous feedback ap-
proach to global strong stabilization of nonlinear
systemsJEEE Transactions on Automatic Con-
trol, Vol 46, No.7, 2001, pp. 1061-1079.

C. Qian, A homogeneous domination approach
for global output feedback stabilization of a
class of nonlinear systems, Rroceedings of the
American Control ConferencéEEE, Portland,
OR, USA, 2005, pp. 4708-4715.

J. Polendo, C. Qian, A generalized homoge-
neous domination approach for global stabiliza-
tion of inherently nonlinear systems via output
feedback, International Journal of Robust and
Nonlinear ContrglVol.17, No.7, 2007, pp.605-
629.

S. Tokat, S. Iplikci, L. Ulusoy, Observer gain
adaptation of output feedback sliding mode con-
troller with support vector machine regression,
WSEAS Transactions on Systems and Con-
trolVol.5, No.3, 2010, pp. 112-122.

V. Andrieu, L. Praly, A. Astolfi, Homogeneous
approximation and recursive observer design
and output feedback$SIAM Journal on Control
and Optimization\Vol. 47, No.4, 2008, pp.1814-
1850.

V. Andrieu, L. Praly, A. Astolfi, High gain ob-
servers with updated gain and homogeneous cor-
rection terms Automatica Vol.45, No.2, 2009,
pp.422-428.

H. Lei, W. Lin, Robust control of uncertain
systems with polynomial nonlinearity by output
feedback, International Journal of Robust and
Nonlinear Contrqgl Vol.19, No.6,2009, pp.692-
723.

J. Li, C. Qian, M. Frye, A dual observer de-
sign for global output feedback stabilization of
nonlinear systems with low-order and high-order
nonlinearities, International Journal of Robust
and Nonlinear Contro/Vol.19, No.15, 2009,
pp.1697-1720.

Volume 10, 2015



WSEAS TRANSACTIONS on SYSTEMS and CONTROL

[10] J. Zhai, C. Qian, Global control of nonlin-

ear systems with uncertain output function us-

ing homogeneous domination approaktierna-

tional Journal of Robust and Nonlinear Control

Vol.22, No.14, 2012, pp.1543-1561.

[11] X. Huang, W. Lin, B. Yang, Global finite-time

stabilization of a class of uncertain nonlinear

systems,Automatica Vol.41, No.5, 2005, pp.

881-888.

[12] Y. Hong, J. Wang, D. Cheng, Adaptive finite-
time control of nonlinear systems with paramet-
ric uncertaintyJEEE Transactions on Automatic

Control Vol. 51, No.5, 2006, pp. 858-862.

[13] Y. Hong, Z. P. Jiang, Finite-time stabilization of
nonlinear systems with parametric and dynamic
uncertainties JEEE Transactions on Automatic

Control Vol. 51, No.12, 2006, pp.1950-1956.

[14] S.Li, Y. P. Tian, Finite-time stability of cascaded

time-varying systems|nternational Journal of

Control Vol. 80, No.4, 2007, pp.646-657.

[15] S. Ding, S. Li, W. Zheng, Nonsmooth stabiliza-
tion of a class of nonlinear cascaded systems,

Automatica Vol.48, No.10, 2012, pp. 2597-

2606.

[16] F. Z. Gao, Y. Q. Wu, Global state feedback sta-
bilisation for a class of more general high-order

non-linear systemdgT Control Theory & Ap-
plications Vol.8, No.16, 2014, pp.1648-1655.

[17] Q. Lan, S. Ding, S. Li, C. Zhang, Global de-
centralised stabilisation for a class of uncer-
tain large-scale feedforward nonlinear systems,

International Journal of ControMol.87, No.6,
2014, pp.1282-1296.

[18] H. Du, C. Qian, M.T. Frye, S. Li. Global finite-

time stabilisation using bounded feedback for a

class of non-linear system¢&T Control The-

ory & Applications Vol.6, No.4, 2012, pp.2326-

2336.

[19] J.Li, C. Qian, S. H. Ding. Global finite-time sta-
bilisation by output feedback for a class of un-

certain nonlinear system#nternational Journal

of Control Vol. 83, No.11, 2010, pp. 2241-2252.

[20] C. Qian, J. Li. Global output feedback stabiliza-
tion of upper-triangular nonlinear systems using

a homogeneous domination approadferna-

tional Journal of Robust and Nonlinear Control

\ol. 16, N0.9, 2006, pp.605-629.

[21] Y. Q. Wu, F. Z. Gao, Z. G. Liu, Finite-time state
feedback stabilization of nonholonomic systems

with low-order nonlinearities|ET Control The-
ory & Applications to be published.

E-ISSN: 2224-2856

570

Fangzheng Gao

[22] X. Xie, N. Duan, C. Zhao, A combined homo-

geneous domination and sign function approach
to output-feedback stabilization of stochastic
high-order nonlinear systemsEEE Transac-
tions on Automatic ControMol.59, No.5, 2014,
pp.1303-1309.

X. Zhang, X. Xie, Global state feedback stabili-
sation of nonlinear systems with high-order and
low-order nonlinearitiesinternational Journal of
Control vol.87, no.3, 2014, pp.642-652.

B. Yang, W. Lin, Robust output feedback
stabilization of uncertain nonlinear systems
with uncontrollable and unobservable lineariza-
tion, IEEE Transactions on Automatic Control

Vol.50, No.5, 2005, pp.619-630.

X. Yu, X. J. Xie, Output feedback regulation of
stochastic nonlinear systems with stochastic iISS
inverse dynamicslEEE Transactions on Auto-
matic Contro/Vol.55, No.2, 2010, pp.304-320.

X. Yu, X. J. Xie, N. Duan, Small-gain control
method for stochastic nonlinear systems with
stochastic iISS inverse dynamicdutomatica
Vol.46, No.11, 2010, pp.1790-1798.

W. Q. Li, X. J. Xie, S. Y. Zhang, Output feeback
stabilization of stochastic high-order nonlinear
systems under weaker conditionSIAM Jour-
nal on Control and Optimization/ol.49, No.3,
2011, pp. 1262-1282.

N. Sirghi, M. Neamtu, Deterministic and
stochastic advertising diffusion model with de-
lay, WSEAS Transactions on Systems and Con-
trol, Vol.8, No.4, 2013, pp.141-150.

S. Jaison, D. Naidu, D. Zydek, Time scale
analysis and synthesis of deterministic and
stochastic wind energy conversion systems,
WSEAS Transactions on Systems and Control
Vol.9,2014, pp.141-150.

Volume 10, 2015





