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Abstract. This article presents an adaptive event-triggered control scheme for global stabilization
of uncertain nonlinear systems with function control coefficients, input matching uncertainty,
and unknown polynomial-function rates. A single dynamic gain observer is designed to handle
these complexities, replacing the traditional dual-gain approach. An extended state observer
asymptotically estimates the input matching uncertainty. An adaptive output-feedback controller,
based on a time-varying threshold event-triggering mechanism, ensures closed-loop system
stabilization and prevents Zeno behavior. Simulation results validate the proposed strategy.

Keywords: uncertain nonlinear systems, function control coefficients, input matching uncertainty,
event-triggered output feedback.

1 Introduction

Output-feedback control for nonlinear systems has gained considerable attention in recent
research, as demonstrated by [13, 18,27, 33] and related references. Nonlinear systems
are widely used in practical life, including power systems [4], mechanical systems [5],
biomedical systems [22], among others. Furthermore, these systems not only possess
inherent nonlinear characteristics but also encounter operational challenges due to ex-
ternal disturbances, which are often challenging to accurately model mathematically. To
overcome these challenges, control theory researchers have been actively pursuing effec-
tive control design strategies. These strategies aim to design adaptable nonlinear system
controllers capable of handling diverse situations, thereby ensuring the achievement of
control objectives for uncertain nonlinear systems.

In fact, most control schemes are based on sampling control methods [12,23,30, 32],
which operate at fixed and unchanging intervals. The time-triggered control approach
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performs sampling and data transmission at a conservative, fixed rate, regardless of wheth-
er the system actually requires it. While this method is relatively straightforward to im-
plement, it can lead to inefficient use of communication resources and may fail to respond
promptly to changes in system performance. With the increasing adoption of networked
control systems, event-triggered control, an evolution of traditional sampling control, has
garnered significant attention in recent years [1,24,25,31,34]. In contrast to time-triggered
control, event-triggered control ensures robust system performance, while making more
efficient use of computational and communication resources. Additionally, it offers en-
hanced feedback capabilities to address nonlinearities and compensate for uncertainties
in the system.

Significant progress has recently been made in output-feedback stabilization of non-
linear systems [6,10,15-17,19-21,29]. In [19], the system has nonlinearities only present
in the system output, while in [20], the system exhibits linearly dependent growth on un-
measured states. However, these systems allow only certain weak uncertainties rather than
any large uncertainty. In [29], the system allows not only large parametric uncertainties
but also general nonlinear functions that are not required to be globally Lipschitz. In
[15,16], the systems under investigation allow large parametric uncertainties and linearly
dependent growth on unmeasured states. In [17], unknown polynomial-function rates are
allowed in the growth dependent on unmeasurable states. In [21], the system growth
rates can be arbitrary unknown nonpolynomial functions of the system output. In [10],
the system has two types of significant uncertainties: growth dependent on unknown
unmeasured states and input matching uncertainty. In [6], the nonlinear time-delay system
is studied with input matching uncertainty, and its nonlinearities are bounded by linear
unmeasured states multiplied by unknown constants, polynomial functions of output,
and polynomial functions of input. However, the control schemes in [6, 10] are based
on sampling control. The articles mentioned above are devoted to global stabilization
via output feedback for uncertain nonlinear systems, but the control coefficients of the
systems are known constants.

This article is devoted to establishing an adaptive event-triggered output-feedback
scheme to achieve global stabilization for a class of nonlinear systems. We first introduce
an adaptive observer with a dynamic gain compensating the extra nonlinearities from
the function control coefficients and counteracting the polynomial-function rate. Then,
inspired by the idea and method in [6, 10, 16], an adaptive output-feedback event-triggered
controller is successfully designed to guarantee the global stabilization. Particularly, we
design an event-triggering mechanism with time-varying threshold, which is strictly pos-
itive and gradually decaying. This mechanism is proposed to reduce communication fre-
quency and avoid Zeno phenomenon by selecting appropriate event-triggered threshold
parameter. Compared with the related literatures [16,17,21,24,25], the main contributions
of this article are summarized in the following aspects.

(i) Within the event-triggered framework, the systems under investigation exhibit
a high degree of generality. Specifically, the system simultaneously incorporates
function control coefficients, input matching uncertainty, and unmeasured state-
dependent growth with unknown dynamics.
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(i) In contrast to related studies [12, 14, 17], our approach employs an adaptive
technique that introduces only a single dynamic gain (rather than dual gains),
to both compensate for the additional nonlinearities induced by function control
coefficients and counteract the polynomial-function growth rate. Utilizing this
dynamic gain, we design an adaptive extended state observer with dual objec-
tives: reconstructing the unmeasured states and estimating the input matching
uncertainty.

The remainder of this paper is arranged as follows. Section 2 presents the detailed
formulation of the system model and control objective. Section 3 establishes an adaptive
output-feedback event-triggered stabilization scheme for uncertain nonlinear systems.
The main results are provided in Section 4, which conducts the performance analysis
of the closed-loop system. Section 5 presents two numerical examples, and Section 6
concludes the paper.

2 Problem formulation

We consider the global stabilization via event-triggered output feedback for the following
uncertain nonlinear system with function control coefficients:

gi:gi(y)§i+1+¢i(t7§)a i:17"'7n_17

&n = gn(y)(u+v) + ¢n(t, ), (1
y:£1,

where ¢ = [¢1,...,&]T € R™ is the system state vector with the initial condition
£(0) = &; u € Rand y € R are the control input and system output, respectively; v € R
is an unknown constant, called the input matching uncertainty; ¢;(¢,€), ¢ =1,...,n, are
unknown functions that are continuous in the first argument and locally Lipschitz in the
second argument; and g;(y), ¢ = 1,...,n, are known and locally Lipschitz functions.
Since g;(y), ¢ = 1,...,n, are functions of the system output rather than constants,
system (1) has control coefficients in a more general sense.

In the following, we assume that only the system output y is measurable. To achieve
the desired research objectives, system (1) satisfies the following assumptions:

Assumption 1. Letc, ¢, f

, f» and p be known positive constants such that for any y € R,
<

0<c<|a)| <e(t+yP), i=1,...,n,
F<|giW)/gi-1 ()| < f, i=2,....n

Assumption 2. There exist an unknown positive constant 65 and a positive integer ¢ such
that for any t € R™ and any £ € R,

()] <O(1+1y) D gl i=1,....n.
j=1
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As indicated by Assumption 1, system (1) possesses function-based control coeffi-
cients, which is different from other relevant literature [15—-17, 21], where the systems
possess constant control coefficients. Assumption 1 indicates that not only should the
control coefficients be bounded by the polynomial-of-output, but the control coefficients
between different subsystems must also satisfy a multiple relationship. Assumption 2
states that the system nonlinearities exhibit growth dependent on unmeasurable states
with a polynomial-of-output rate. More importantly, Assumption 2 shows that the system
nonlinearities allow large uncertainties (reflected by the unknown ;) and are expressed
as the product of unmeasured states, a constant, and the polynomial-of-output, which is
significantly differing from those in [19, 20, 23, 32]. In [23, 32], the systems only have
a known constant growth rate or a known polynomial growth rate. In [19], the system
nonlinearities are only present in the system output, while in [20], the system exhibits
linearly dependent growth on unmeasured states.

3 Adaptive event-triggered control scheme

Motivated by [6,10] and letting v = &,, 41, we design the following dynamic-gain observer
for system (1) to reconstruct the unmeasurable states:

& = g€ 7V Oh(y) (& =€), i=1,...,n—1,
En = Gn(W)&ns1 + gn (W)U + " (O hn(y) (&1 — &), 2)
Ent1 = hnpr ()" (& - &)

Here £ = [1,..., &, with the initial value £(0) = &y, hi(y),i = 1,...,n + 1, will be
determined later, and + is called the dynamic gain satisfying the following updating law:

_F2
ﬁ/zmax{(l—&-%)(&fﬁfl),—5172+52(1+|yq)2W}» 70)=1, 3)

where p and ¢ are the same as in Assumptions 1-2, and b satisfies 0 < b < 1/(2¢). 1 and
B2 are to-be-determined design parameters, which satisfy 0 < 31 < 2. In addition, we
define é[i] = [él, o ,éi]T, i =1,...,n, for later use.

The event-triggered output-feedback controller is designed as

u(t) = w(tk), te [tk,tk+1),

teg1 = inf{t >t ’ |gn(y) (w(t) — w(tk))| >e ), t1=0,a>0,

Lo “4)
w(y,&y) =— VT ki ()€ — &,
gn(y) ;
where k;(y), i = 1,...,n, will be determined later, and threshold parameter « satisfies

a < A/2 = min{1/(2Amax(P)), 1/ (2Amax (@) }.
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Remark 1. There are two main approaches to handling the unknown term 6,: one is the
estimation-based method [8, 11], and the other is the high-gain-based method [10, 17].
A single dynamic gain -y is introduced through an adaptive technique to simultaneously
compensate for the extra nonlinearities arising from the function control coefficients and
counteract the unknown polynomial-of-output growth rate associated with the system
nonlinearities. The updating law of -y involves two components:

(1+ 1) &)

~pb ~2b
is designed to compensate for the unknown constant 6, and the extra nonlinear-

ities from the function control coefficients g;(y), ¢ = 1,...,n, which will be
demonstrated in Proposition 1 and inequality (14) of Proposition 2, respectively.

(i) The component

(i) The component
2
—B1v? + Ba (1 + 1yl?) "
is designed to handle the polynomial-of-output term (1 + |y|?).

Remark 2. Compared to the dual-gain approach [17,28], the single dynamic gain offers
a more compact structure. Specifically, in the subsequent proof of Proposition 2, only
the boundedness of this single gain needs to be demonstrated, significantly enhancing
the conciseness and readability of the proof process. Although we only adopt a single
dynamic gain, it effectively serves the purpose of a dual-gain structure. On one hand,
it can compensate the extra nonlinearities from the function control coefficients; on the
other hand, it can counteract the polynomial-function rate.

Remark 3. w(t) denotes w(v(t),&(t), y(t)) for convenience. Event-triggering mecha-
nisms are generally classified by threshold into four types: absolute (fixed) [2, 9], (static)
relative, dynamic, and time-varying [3, 16]. Sampling/execution times ¢;, are generated
by the second relation in controller (4), which is called time-varying event-triggering
mechanism. The threshold |g,, (y)(w(t) — w(tx))| = e~ in controller (4), achieved by
choosing the function e~%¢, offers two advantages:

(i) for any time ¢, it is strictly positive;
(i1) it decays to zero as time goes on.

Building upon this time-varying event-triggering mechanism, we design an adaptive out-
put-feedback controller (4). By carefully selecting design parameters, this controller en-
sures the convergence of both the original system states and their corresponding observer
states, effectively preventing the Zeno phenomenon. Additionally, by incorporating fn_H
into the designed controller, it guarantees that the estimation of the input matching uncer-
tainty accurately converges to its true value.

Remark 4. Under the architecture depicted in Fig. 1, we design an adaptive event-trig-
gering output-feedback controller based on a dynamic-gain observer, which guarantees
that the system states globally converge to the origin. As shown in Fig. 1, the information
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Figure 1. Event-triggered control architecture.

flow from the controller to the actuator is determined by the event-triggering mechanism.
We design a triggering condition derived from the estimated execution error, enabling the
system to persistently track state variables. Consequently, relevant data is dispatched to
the actuator. Thus, the control input « is updated to w(~(tx), £(tx)) only at each sampling
instant ¢, and remains constant between two consecutive sampling instants.

We next introduce the following scaling transformation:

_ &—&

M= pri1 i1=1,....,n+1,
. 5)
Ei:%7 121,,774
,}/ 1
Then, by (1), (2), and (4), we have
y(t Cg, U—w
D*e = 4 (OB + () Haly)m — 2D Dye 4+ E0nW )
(1) gl ©)

D = () Aly)n + B(t,€,) — jg;mm,

where n = [7717 L] 777n+1]T, €= [61» ey en}Ts (I)(t,f,’}/) = [¢1(t7£)/7b1 ceey ¢n(t7§)/
AP 0T, k(y) = [k1(y), .- ka()]T, C = [0,...,0,1]T € R™, Hi(y) = [h(y),

o hi@))T i =n, n+1, D, = diag{b, 1+0b, ..., n—1+b}, D, = diag{b, 1+,
...,n+ b}, and

[ —hi(y)  91(y) 0

_ : 0 0
W= 0 )|

[~hns1(y) O - 0

[0 91(y) 0

_ : 0 0
Bly) = 0 0 o gn—1(y)
L—k1(y) —ka(y) - —kn(y)
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Table 1. Common symbols of upper and lower bounds.

Category Mathematical expression

Function control coefficients 0 < c < |gi(y)] <1+ |yP),i=1,...,n
lgr (W) < &P (1 +|m +er|?)

Matrix inequalities PA(y) + AT(y)P < —vol91 (¥) | Tn+1

QB(y) + BT (y)Q < —ve|91(y)|In
Dn+1P+ PDn+1 > Zoln+1
QDn + DnQ > ZcIn

Nonlinearity bounds [pi(t,€)] < 0s(1 4+ |y|9) Z;Zl &), i=1,...,n
M@ = /Sy h2() < Blgr @)l i = n,nt1

Based on Assumption 1 and [13, Remark 4], we choose h;(y), i = 1,...,n + 1,
and k;(y), ¢ = 1,...,n, which are locally Lipschitz functions and linear combinations
with constant coefficients of ¢;(y), ¢ = 1,...,n. There exist known symmetric positive
definite matrices P and () and positive constants v,, v, V,,, V., such that for all y € R,

Dpy1P+PDpy1 2 v, 0In1, PA(y) + AT (y)P < —o|g1 (¥)|Lnt1, o
QD,, + D,Q > v Iy, QB(y) + B (1)Q < —ve|g1(y) | In-
Moreover, by Assumption 1, there exists a known positive constant h, and we have
IHi(p)ll = (| D_h2(y) <hlaiy)], i=nn+1. ®)
j=1

In order to enhance the readability of the paper, we have organized the above formulas
and presented the upper and lower bounds of commonly used symbols in subsequent
proofs in Table 1.

4 Performance analysis of event-triggered control

This section presents the stability analysis of closed-loop system (1)-(3) under the event-
triggered controller (4), and the main results are summarized later.

Noting the local Lipschtizness of ¢;(t,&)’s, the right-hand side of resulting closed-
loop system (1)—(4) is locally Lipschitz in (f,é, v). By [7, p.18, Thm.3.1], for any
initial value (£(0),£(0),~(0)), the entire system with constant-valued u(t) = u(t1)
has a unique solution on a small existence interval [0,T,,, ), where t; = 0 is the first
execution time. By [7, p. 17, Thm. 2.1], interval [0,7T;,,) can be right maximized to
[0, T}, ). If the next execution time arises at to € [0,7,,), we regard to as the new
initial time, and the controller is switched to another constant-valued u(t2). Then we
can establish the existence and uniqueness of solution (§(t), £(t),~(t)) with initial value
(&(t2),&(t2),v(t2)) and u(t) = wu(ta). This process would be iterated in a consistent
manner, provided that a larger execution time exists after each execution. Hence, by
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[7, p. 17, Thm. 2.1], the unique solution can be extended to maximal interval [0, 7},)
and 0 < T;,, < 4o0.

Next, we give Proposition 1 to characterize the dynamic behavior of the closed-loop
system via Lyapunov functions. This proposition is very important for guaranteeing the
boundedness of v, as will be shown in the proof of Proposition 2.

Proposition 1. Define V(e) = €' Qe and V() = n" Pn, where P and Q have been
defined in (7). Note that V (n,€) = uV (n) + V (€) with u = 8h?(|Q||?/(vove) + 1. Along
the trajectories of (6), there holds

4lQc|?
+ 2 2
D V(U, 6) < _/B(ry - @) (M||77|| + ||€H ) + l/cg’y2b+2”7162at’ (9)

where DTV (n, €)=limsupy,_, o+ (V (t+h)—V (t))/h denotes the upper right-hand deriv-
ative of V.(n,€), B = cmin{v,,v.}/4, and © = 2un30?||P||? max{1/(vec), 1/(vec)}.

Proof. From (6) and (7) there holds
DTV (n,e)
= p <7(77TAT(y)P77 +n" PA(y)n) + 20" P® — %WT(DnHP - PDn+1)n)
+7(e"BT(y)Qe + €' QB(y)e) + 2yme" QHn(y)

T —
’YGT(DnQ-i-QDn)e_F 2¢ Qcygzﬁ(g)gu w)

2
—1voy|g1 ()] - 1011 + o Biyllnl? = nvefe (1 + 1y|®) " [lnll?
2
= v g1 ()] - el + wBrrllell® = zoBa (1 + y17) el
29n
+2um" P® + 2yme" QH, (y) + %1) ' QC. (10)
By (8) and the method of completing squares, the last three terms of (10) satisfy

2
2" PO < 20°n*0%| P2 (|n]|* + (1 + Iqu) (1 + llell®),

2 2
2ymeTQH(y) < —v\gl )| - [lell® + ”QH — 7|91 ()| - lInll*, (11)

- lel2 + 4IIQCH |gn (y) (u — w)[?
Velgi(y)y2otan—t -

20,()( =) 10

C
o LA

Next, we choose parameters 31 and 5 that satisfy

CVe  ClVo
1<mn{4yc74£0}7 1
B2 > max 1L (12)
2 = v v
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By Assumption 1 and controller (4), noting that V'(n,e) = uV(n) + V(e) with p =
8h2|Q||?/(vove) + 1 and substituting (11), (12) into (10), we have that

DYV (n,e)
Vol VeC 4lQC|”?
< - 1 7M|\77||2 - TVHG||2 + 2/$2”392HPHQHWH2 + W
cmin{v,, v.} 41QC|12d?
< 2y (plnl?+1lell?) + 2un®0°|| P11 (ullnl|® +€l?) +

= 4

< —B(y = O) (ullnll® + llell?) +

I/CQ,YZb—l-Qn—l

4Qc?

V6272b+2n7162at

with 8 = cmin{v,, v.}/4, © = 2un®60?|| P||?> max{1/(v,c),1/(v.c)}.
The proof of Proposition 1 is completed. O

The following Propositions 2-3 present the boundedness of the closed-loop system
states and exclude Zeno phenomenon.

Proposition 2. For the closed-loop system consisting of (1)—(4), states €(t), n(t) and
dynamic gain (t) are bounded on [0, T,,), and moreover,

t—o0

t t
lim /||e(s)H2ds < +o0, tllglo/ Hr](s)H2ds < +00.
0 0

Proof. For contradiction, let y(¢) be unbounded on [0, T},). Then, noting y(t) > 1, we
have lim;_, 1. () = +00, and hence there exists a finite time ¢; € [0, T5,,) such that

yit)Z2O+1 Vtelty,Tn).
Together with (9), this yields that

4jQc®

+ 2 2
DYV (n.0) < =Bulnll” + el*) + . —amam-rgzar

LT LI 4lQC?
<———— " Py —— _Aleel
AmaX(P)#U 7 )\max(Q)E Qe + Vecy2bt2n—1g2at
41lQC||?
veceso

where A = min{1/Anax(P), 1/ Amax (@) }-
From (13) it can be seen that

4oy _ 4lQc)*

~
vece?at VeC

DtV(n,e) < —AV +

https://www.journals.vu.lt/nonlinear-analysis
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Thus, we obtain

2
D+(e>‘tV) < 4)|QC%e .
Vel

By integrating over [17, t), it follows that

t

2 2\t
MV (1) — TV (TY) < M/eh ar < M.

VeC UeCA
T

Thus,

4 2 A\t

MV () <AV(T) + %.

So we have

4|QC?

V() < V(T + %

which implies that V' (1, €) is bounded on [t1, T,).
From this it is easy to show that n; and €; are bounded on [t1,T},). Since 0 < b <
1/(2q), there exists a finite time t3 € [t1,T},) such that

2
—B17* + By (1 + [yl%)
< =By + By P2 (1 + iy + €19 <0Vt € [t9, Ton).
Hence, by dynamic gain updating law (3), we have
F=+lm+eal)ni Vet Tn),

and there exists a positive constant NV such that 0 < sup; ,p (1+ |71 +€1|?) < N.
However, integrating both side of (13) over [t2,t] C [t2,T},) and noting that o <
A/2 = min{1/(2Amax(P)), 1/(2Amax(Q))}, we obtain

t t
N
L v [ N
+o0= lim 5(1) =1(t2) = lim [ 5(e)ds < lim / V(s)ds
to ta
N 41QC|? |
< lim ——— =A(t—t2) 4 Ml —At (A—2a)s
to ta

2
< N A AIRCIE st
Amin(P)\V(t1) ~ vec(Aa — 202)

< 400,

which is a contradiction for some to € [0,7},). Therefore, v(t) is bounded on [0, T},).

Nonlinear Anal. Model. Control, 31(2):330-350, 2026
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Let v = supeqo,1,,) 7(t). We next show that € is bounded on [0, 7’,,). Consider the
function V (€) = eTQe. From (7) and (11), noting that v > 1, it clearly follows that

4712||Q||27 4]QC|1?
Ve

+ Ve 2
D™V (e) < = llell” + VecyPban—Tg2at’

lg1(y)|n? +

In addition, by Assumption 1, (5), and v > 1, we know that there exists an unknown
positive constant ¢ such that
c(L+lylP) = e(1 + [v*(m + )"
cmax{1, 27’*1}(1 + 4Py + e1|?)
Emax{l, 2p*1}'ypb(1 + m +eP)
V(1 + e + ). (14)

lg1 ()]

NN CIN N

[}

Then using the definition of + and the fact that v > 1, we have

DV < - + LA oy JIOEL
7,2 2~ 2
<O+ T
< —hV(e) + 1oy + % (15)
where
L AR?1QIPE ppin ly — _Alee*
AAmax(Q)’ Ve mo oy 2br2n—1

are positive constants. From this it is easy to see that on [0, T},),
Dt (elltV(e)) < lpeltty + 1geht,

Hence, for any t € [0, T},), we have

t t
V(G(t)) < VE:ZE?)) +12/ell(s—t) d’Y(S) _;'_13/611(3—15) ds

0 0

<V (e(0)) + lovm + E—i’

which shows that € is bounded on [0, T},).
Moreover, integrating both sides of (15) over [0, ¢] C [0, T},) directly yields

t t t

V() = V() < b [V ds b [ sty [ oas

0 0 0

https://www.journals.vu.lt/nonlinear-analysis
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which implies that

t

Iy /V(E(S)) ds < V(e(0)) + loym + 2% < +o00.
0

From this and noting V (¢) = €T Qe, hence lim;_, 7., fot lle(s)]|? ds < +oo.
We next prove that 7 is bounded on [0, T},,) as well. We introduce the following scaling

transformation: "
(2

(y*)pri-1’
where v* is a positive constant satisfying v* = max{8n302||p||?/(voc + 1,vm)}. Then,
by (6), we derive that

G = i=1,2,...,n+1,

DY =v"YAW)C + 7 YHp1 ()¢ — 1T Ho 1 (y)G1
- %Dn+1c+l‘p(t7£7’y*ﬂ7)7 (16)

where ¢ = [Cr,- -, Gunt]T T = diag{1,1/7",. .. 1/(v*)"}, Hus1(y), Ay), Do
are the same as before, and
T

* ¢ t?é. ¢n t’§
W<ta§7’y a,Y) = (;£7)17)” (7*7§b+n)1’

Define V3(¢) = ¢TP¢. By (3), (7), and (16), we have

DTV(Q) < —vov* y|g1 ()] - <P + 29" €T PHyga (y)¢1 — 29¢T PT Hyg1 ()G
+ B [I€I1? = Bavy (1+ [y|9)*[IC)1% + 2¢T P (17)

Then, by the method of completing square, we obtain

. Vo . 4B2 P 2 ,y* 1-2b
27V PHua (0)G < 27" ]on ()] - 1ICI° + ” Hy( ) |91 () |t
o
ve . AR2||P|12|| T2
NP )6 < )] 1+ T g, 09

2
20 Pw < 2002 P> (I + Nlell?) + (1 + |yl) Il

Substituting (12) and (18) into (17), then using Assumption 1, (3), and the definition
of v*, we obtain

VoC
DFV(Q) < ==y Kl + 200 I PIP(IC + lell?)

£ 0 O i U LA ;
+ < v, + Vo(’Y*)H_% |91(y)|’yn1
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VoC

< (% - 2 UPIP oI + 267 PPl

752 2(~*)1—-2b 7,2 2 2
n <4h IPIE() ™™™ ARIIPIFIL) )& Lipbsy

v, Vo(,y*)l+2b

VyC
= V(©) + 2002 P17 ]|

g - =
Anax(P)
n <4h2||P||2(7*)12b n 4hZIIPIIZIIFIIZ)~ 14pb:

Vo oy )i
= —1 V() + oy + c3]le]|?, (19)
where
_ VoC
T Do (P)’
oy = AR2|| PP () JFZIBQIIPIIQHFH2 o 14pb
Ve l/o(’y*)HQb m
and

c3 = 2n°60%(| P|?.
From this it follows that
Dt (e™'V(()) < cate™" + csle] P,

Integrating both side of the above inequality over [0, ¢] C [0, T},), we obtain

eclt

t t
vicw) < Lo, / e D dry(s) + esle]? / o171 ds
0 0

callell?
< V(C(())) + c2Ym + 1 ’

which shows the boundedeness of e. It is deduced that ¢ is bounded on [0, T},,). Recalling
that ¢; = n;/(v*)*+*~1, we can easily show that 7 is bounded on [0, T}, ). Moreover, (19)
implies that for any ¢ € [0,T},),

t t

o [ V) ds <V(EO) +er [3)ds e [ el ds
0

0 0

Hence, together with V(¢) = ¢TQ(¢, we can know lim; .7, fot 1¢(s)||?ds < +oo.

Noting that ¢; = 1;/(v*)?**~!, we can conclude lim;_, 7, fg In(s)||? ds < +oo.
The proof of Proposition 2 is thus completed. O

Proposition 3. If all the signals of the resulting closed-loop system are bounded on
[0, T}, then T,, = +00, and Zeno phenomenon does not occur.
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Proof. From Assumption 1 and the event-triggered controller (4), for any ¢ € [tg, txr1),
we have

|lc(w(t) — w(tr))| < |gn@)||w(t) — w(t)|.

Suppose for contradiction that 7}, < +oco. Then, by the hypothesis of Proposition 3,
we see that Zeno phenomenon indeed occurs, and moreover, limy_, 1+ oo t, = T,
By event-triggered controller (4), we know that

le(u(t) — w®)| < |gn(@)]|ult) — w(®)] < e

There exists a positive constant M such that on each [k, txt1),

(& ult) — () )| < M,
Jim e (u(t) = w(t)” = e, (20)

A (ulty) —w(tr))® = 0.

Then, by (20), we have

1= lim (u(t) —w(t))e® — & (ulty) — w(ty)) e

t—tp41 -
/ d
lim T (¢ (u(s) — w(s))QeQO““) ds

t—trr1
tx

BT

Let fi(x) = Me*® and fo(x) = x. By Cauchy’s mean value theorem®, there exists
Pk € [tk, tk+1) C [0, T}, ) such that

Me*P* (tgeq —tr) = 1,

which concludes tj1 — t > 1/(Me®*) > 1/(Me®Tm) > 0. This means that inter-
execution intervals J; in event-triggered controller (4) satisfy 0 = tx+1 — tx > 0. Thus
we get limg_, 4 oo tx = +00, which results in a contradiction and, in turn, implies 7,,, =
+00, and Zeno phenomenon does not occur.

The proof of Proposition 3 is completed. O

With Propositions 1-3 in hand, based on the above controller (4), we have proved the
boundedness of the closed-loop system in turn. In addition, the presented control scheme
has satisfied the demand of avoiding the Zeno behavior. These outcomes are illustrated in
the following theorem.

fCauchy’s mean value theorem: “Let f; and fa be functions that are continuous on the closed interval [a,b]
and differentiable on the open interval (a, b). Suppose that fa(z) # O for all z € (a,b). Then there exists at

least one point ¢ € (a, b) such that f1(c)/f2(c) = (f1(b) — f1(a))/(f2(b) — fa(a))”
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Theorem 1. Consider system (1) under Assumptions 1 and 2. The event-triggered output-
feedback controller (4), combined with the observer (2) and the updating law (3), ensures
that for any initial condition (&, éo), the closed-loop system admits a unique and bounded
solution on [0, +00). Moreover, the system states satisfy

Hm (£(), € (1), Ensr (D), u(t)) = (0,0, —v). Q1)

t—+o00

Proof. 'We only need to prove the convergence of (£(¢), é[n] (), Ens1(t), u(t)). By (5), we
can obtain that

G="""mi+e), i=1,...,n,
£ =Pt i=1,....n, 22)
én+1 =V-= ’Yb+n77n+1-

Then, by Proposition 2 and (22), it can be verified that £(¢) and £(t) are bounded on
[0,400). In fact, by (6) and Proposition 2, we can see that 7(¢) and é(t) are bounded on
[0, 400). In addition, from Proposition 2 it follows that

+o0 +oo
/ [n(s)]> ds < +oo. / e(s)]]? ds < +oc.
0 0

Using Barbalat lemma [26], we have lim;_, . (7(t),€(t)) = (0,0). From (4) and (22)
we can see that (21) holds.
The proof is thus completed. O

S5 Simulation examples

In this section, two examples are given to illustrate the validity of the theoretical results.

Example 1. Consider the following two-dimensional uncertain nonlinear system:

& =111+ 0.59%)&,
€2 = 0.8(1 + 0.5y%) (u + v) + 0,676, (23)
y=&1.

It can be verified that this system satisfies Assumptions 1 and 2 with ¢ = 0.8, ¢ = 1.2,
p=gq=2,0,=0.5, A= 12.84, and matrices P and () satisfy

0.0747  —0.0089 —0.0054
P =1-0.0089 0.0258 —0.0117], Q:{

—-0.0054 —0.0117  0.0687

0.0687 0.0093
0.0093 0.0607|
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Figure 2. The trajectories of states {1 and £2. Figure 3. The trajectories of states &1, €2 and 3.
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Figure 4. The trajectory of gain . Figure 5. The trajectory of u.

By (2) and (3), we design the following observer and dynamic gain:
& = L1(1+0.5y%)é +2.5(1 +0.55) (& — &),
€2 =0.8(1+0.59%)& + 0.8(1 + 0.5y )u + 2(1 + 0.55) (& — &),
€= (14 0.59)7%(& — &),
o 2 212 €\ (& —&)? _

Then, by the previous design procedure, we can design the time-varying event-trig-
gered controller with k1 = (1 + 0.5y?), k2 = 1.2(1 + 0.5y?), and @ = 6. For sim-
ulation, we choose v = 1.6 and set the initial conditions as £(0) = [—0.1,0.2]T and
£(0) = [0.1,0.5,—0.5]T. The simulation results are shown in Figs. 2-6. Figures 2—5 are
obtained to exhibit the trajectories of all the signals of the closed-loop system and show
the expected convergence of the closed-loop system. Figure 6 provides the inter-execution
interval dy, and we can see that Zeno phenomenon can be excluded.
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—o O

Time (sec)

Figure 6. The inter-execution interval dy.

Example 2. Based on the output-feedback scheme proposed, we consider the nonzero
set-point regulation of the following uncertain nonlinear system:

1'}+a1(1 —v2)1}—|—agv = u, 24)

where o1, aig are unknown constants. Moreover, suppose that only v is measurable.
Specifically, the desired regulation means that signal v converges to a prescribed non-
zero constant vy. Let £, = v — vg and £ = ¥. Then system (24) becomes

5.1 - 627
o = (u— agug) — agm — ai (1 — (& +vp)?)éa, (25)
Yy = 517

where —aw vy is the input matching uncertainty of system (25). We can easily see that
system (25) satisfies Assumptions 1-2 with p = 2, § = max{|a;|, |az|} - max{1+2vZ, 2}
and ¢ = 2, A = 12.03. Matrices P and @ satisfy:

0.0750 —0.0106 —0.0078
P=1-0.0106 0.0212 —0.0115], Q:[

0.0673 0.0172}
-0.0078 —0.0115 0.0755

0.0172 0.0580

Thus, we design the following observer and dynamic gain:

él =&+ 298 - &), £2=ﬁ3+u+372(£1—51), 53273(51—51),

2 _£2
A(t) = max{—0.2572 +107(1+92)%, (1 + fll/4> (glwil)} 7(0) = 1.

Then, by the previous design procedure, we can design the time-varying event-trig-
gered controller with k; = 2, ko = 3,and o = 5. We select a; = 2, ae = 2. Letvyg =1
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Figure 7. The trajectories of states £1 and &2. Figure 8. The trajectories of states é 1, ég and 53.
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Figure 11. The inter-execution interval dg.
and choose the initial conditions as £(0) = [—0.1,—0.3]T and £(0) = [0.1, -1, —0.5]T.

The simulation results are shown in Figs. 7-11. Figures 7-10 demonstrate the effective-
ness of the control scheme. The inter-execution interval J; is provided in Fig. 11, and
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consequently, Zeno phenomenon can be excluded. It should be particularly noted that
due to the presence of input-matching uncertainties, the event-triggered control schemes
proposed in existing work [17] are no longer applicable.

6 Concluding remarks

This article focuses on developing an adaptive event-triggered output-feedback scheme to
achieve global stabilization for a class of nonlinear systems characterized by function con-
trol coefficients, input matching uncertainty, and an unknown polynomial-function growth
rate. To address this challenging problem, we introduce a dynamic gain to manage the
additional nonlinearities arising from the function control coefficients and the polynomial-
of-output growth rate. Furthermore, the input matching uncertainty is asymptotically
estimated using an extended state observer. Notably, we design an event-triggering mech-
anism featuring a time-varying threshold, which remains strictly positive and gradually
decays over time. Additionally, we provide a rigorous proof demonstrating that the re-
sulting closed-loop system is stabilized and that Zeno behavior is effectively precluded.
But it is worth pointing out that the system control coefficients we designed are known,
and the method mentioned in this article is not applicable when the control coefficients or
control directions of the system are unknown.
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