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In modern control theory, system stability and convergence speed
remain fundamental concerns. In recent years, many scholars have
made significant strides in improving the steady-state performance
of nonlinear systems. A variety of control strategies have been
developed, including finite-time control and fixed-time control.
While these methods ensure that the system state converges to the
origin within a finite time, the exact duration remains somewhat
uncertain, as it depends on initial conditions or specific design pa-
rameters. To address these uncertainties, the recently introduced
PT control method by [1] has gained considerable attention. As
the name suggests, this method enables the designer to specify
the exact time at which the system achieves stability, regardless
of initial conditions or system parameters. This control scheme
has proven highly effective in practical applications like missile
guidance systems. Therefore, the exploration of prescribed time
control is essential. The PT state feedback stabilization problems
for stochastic high-order nonlinear systems were studied in [2].
A non-singular PT control scheme was developed in [3] based on
a periodic delay sliding surface, ensuring PT convergence under
non-singularity conditions.

In another aspect, the majority of existing conclusion support
the use of adaptive control methods in the presence of system
uncertainty. However, adaptive control is often associated with
complex designs and high computational demands. Hence, it be-
comes crucial to develop a control method with a simple control
structure. With the increasing complexity of practical engineering
applications, traditional linear or fixed-structure control methods
often fail to satisfy the performance requirements of systems op-
erating under multiple modes, multitasking conditions, or varying
environments. Switching control has therefore gained prominence
as an effective approach, allowing systems to achieve stable or
optimal performance across different operational modes through
suitable switching strategies. In recent years, switching control
has garnered considerable research attention [4]. However, this
method also fails to specify the time required for the system to
achieve stabilization and may introduce discontinuities in the con-
troller. Therefore, addressing these issues will be another focus of
this study.
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Moreover, scholars have conducted extensive research on event-
triggered control. However, these conclusions are limited to cases
where the powers of the control systems are known and remain
constant. Once the powers are unknown and time-varying [5],
these schemes become inapplicable.

Building on the previous discussion, the present study addresses
the event-based PT control problem for nonlinear systems subject
to unknown time-varying powers. The major innovations of this
study are concisely summarized as follows. (1) This study proposes
a novel non-adaptive PT control method that guarantees conver-
gence of the system state to zero within a predetermined time.
Compared with existing adaptive schemes, the proposed approach
features a simpler control architecture and lower computational
complexity. (2) This study develops a time-varying high-gain con-
trol algorithm and constructs a continuous PT controller. The
proposed approach overcomes the limitations of existing switching
control schemes, specifically the discontinuity of the controller and
the inability to determine the stabilization time. (3) This study
proposes a dynamic event-triggering mechanism for nonlinear sys-
tems with unknown and time-varying powers. Moreover, through
a rigorous proof by contradiction, it is shown that the proposed
method is free from the Zeno phenomenon.

Notations: The arguments of some functions in this article
are either omitted or presented in a simplified form, with the no-
tation explained as follows. For instance, f; or f will be used to
represent the functions f;(Z;(t),t,0;). R denotes all real numbers,
Rt stands for all nonnegative real numbers, and R refers to the
i-dimensional Euclidean space. sign(€) stands for symbolic func-
tion. For any constant ¢ > 0, [2]° := |z|°sign(z). Ny, represents
1,...,n. '

System formulation. The following nonlinear systems char-
acterized by unknown time-varying powers are addressed in this
work:

@i = bi (@i, ) [wip1 1P + f3(Zi,t,05), (1)
En = b (Zn, t)[u]Pr D) + f1,(Tn, t,0n),
where i € Ny =1, @ (t) € R and u € R are state variables and con-

trol input; §; € R are the unknown parameters; p;(t) € Rt — R
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are unknown time-varying functions called the powers of the sys-
tems; b; (%;,1) # 0and f;(Z;,t,0;) € R*xRT xR — R are unknown
nonlinear functions.

The following are some common and necessary reasonable as-
sumptions.

Assumption 1. There exist known constants p and p for which,

12p2pi(t) 2 p2(t) = = pa(t) 2p>0.

(2)

For i € Ny—, there exist nonnegative smooth

Assumption 2. T

functions h; such that

(@i, 1, 00)] < Ohi(Ti,t) D ||, 3)
=

where 0 is an unknown constant.
For i € Ni—

Assumption 3. T

the functions b;(Z;,t) satisfy
0 < b < bi(Z4,t) < b, where b and b are unknown constants.
Assumptions 1 and 2 are common general conditions regarding
system powers and unknown nonlinear growth, as found in [5].
However, compared to [5], Assumption 3 is relatively relaxed.
Definition 1. If a continuous monotonically increasing positive
function p(t) satisfies the following conditions: (1) 7:lirqul wu(t) =
S
“+oo with p(0) is a positive constant; (2) 7:lir%’l f; u(s)ds = o0
e
with ¢ € [0,T) is a constant. Then, p(t) is referred to as a PT
function (PTF).
There are many functions that satisfy Definition 1, such as
fe = ﬁ with | > 2, pe = eﬁ and px = tan(%) + a.
Control objective: This work aims to design the PT con-
troller based on an event-triggered mechanism for the nonlinear
system (1), which adheres to Assumptions 1-3, thereby ensuring
that the system state is regulated to zero by the prescribed time
T.
Control design. When designing the virtual control law recur-
sively, the following coordinate transformations are essential:

21(t) = 21(t),
2i(t) = 23 (t) —IXifl(t)v i € Ngo

Xi(6) = —H2AE (0)(z:(8) + [51 £ (1)), i € Ny,

(4)

2
where p = (717;77:)2

smooth positive functions that are defined below:

is a PTF, x; are virtual controllers, and ~; are

(®)
(6)

d
mo=c1+ R,
4
Yi = ci + i1 + piz + @iz + (i — 1)ia,

c; and dy1 are positive constants, and ¢;;, 1 € N5, j € Ny are
nonnegative functions. In the controller design, the unknown pa-
rameters are grouped into a unified set according to the principle
of parameter separation, and a switching function is constructed to
compensate for them. The detailed derivation process is provided
in Appendix B.

Event-trigger mechanism. This subsection introduces a new
event-triggering mechanism. First, we construct the controller and
the event-triggering mechanism for

U(t) = Xn(t)7
u(t) = v(ts), Vt € [ts,ts+1), s € N1,

n
tst1 =nf § t > ts]lzne(t)] > pR(t) + UcZz;ﬂ’ ,
=1
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where e(t) = €2(t) + €(t), €(t) = s|u(t) — v(t)| is the measurement
error. ¢ is a positive constant. ¢,p > 0 and 0 < o < 1 are design
parameters. X(¢) is designed as

R(t) = —ep(OR(@) + con(t) S 27 = ()| zne()

j=1

with ®(0) > 0.
Theorem 1. Under Assumptions 1-3, the nonlinear system (1)
is regulated to the origin within the prescribed time 7" by employ-
ing the PT controller (8) in combination with the event-triggering
mechanism (9).

The proof of Theorem 1 can be found in Appendix C.

Remark 1. The concept of the non-adaptive control presented
originates from switching control [4]. However, the design of its
switching function can lead to discontinuities in the controller and
ambiguity regarding the time it takes for the system to achieve sta-
bility. Therefore, this study advances the methodology by lever-
aging the inherent properties of the PTF, which is continuously
time-varying and monotonically increasing, instead of relying on
a discrete switching function. This approach effectively compen-
sates for system uncertainty while also allowing us to determine
the time required for the system state to reach zero non-dependent
switching parameters.

Conclusion. This work investigates event-triggered PT control
for uncertain nonlinear systems characterized by unknown pow-
First, a new non-adaptive PT control method is developed.
This method leverages PTF to compensate for system uncertain-
ties, thereby achieving zero system state within the given time
Moreover, we design event-triggered rules suitable for
nonlinear systems subject to unknown powers and demonstrate
the absence of Zeno’s phenomenon using the paradoxical method.
Finally, the proposed control algorithm is verified through a sim-
ulation example. In the future, efforts will be directed toward
non-adaptive PT output feedback control for uncertain nonlinear
systems subject to time delays.
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