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Appendix A Lemma
Lemma Al. [1] If 0 < p(t) < 1, the following inequality holds for Vz1,z2 € R,

|21 + 22|P®) < |21 [P + |22]P®),
|21 |P®) 4 |20]P®) < 21=PO) (|21] + |22)P®),

”Zﬂp(t) _ [Zﬂp(t)| <21 P®) |z — 2P,

Lemma A2. [1] If z(¢) > 0, y(t) > 0 are continuous functions, and 7 > 0, for Va, b € R, the following inequality is satisfied,

x ‘a|z+y+ﬂ._% L|b|z+y.

|a®bY| <
T +y r+y

Lemma A3. [2] For any positive functions p(t) satisfies 0 < a < p(t) < b, the following inequality is satisfied for Vz € R,

2P < J2|% + |21,

Appendix B Controller design
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This section designs an event-triggered, time-prescribed controller with time-varying gain, aimed at driving the system state to zero
within a prescribed time. Before proceeding with the controller design, several propositions are provided below. By defining adjustable

parameters d;;, i € N5, j € N1, it can be readily drawn from Young’s inequality and Lemmas 1-3.

Proposition B1. For i € N5, there exist positive constants ;1 satisfy the inequality
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where §;1 are unknown constants.
Proposition B2. For Vp(t) such as 0 < p(t) <1 and ¢ € N5, there has

1 B
|zi|P = |2i — v£ 4 (zie1 + [2i-1]2)
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Then, It follows from Assumption 2 that
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where @;2 are nonnegative smooth functions and d;2 are unknown constants.
Proposition B3. It can be calculated that
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where ;3(Z;,t) and ¢;4(%;,t) are positive smooth functions, d;3 and d;4 are unknown constants.
Step 1: First, the Lyapunov function is devised to W1 = —zl Differentiating W yields
Wi < z1(ba[2]?t + f1)
Shiz[xal?* + fizr + brza([z2 ]P0 — [xa]?). (B5)
Under Assumptions 2, there exists
62 ~ o d _
aft < =P+ ZEhf | (B6)
di1 4
Then, y1 =c1 + %h% is designed. (B5) is transformed to
. P
Wi < —(Bu1 + B12) (=1 7P + ] 2 ) 4 biz([22]P — [xa]PY), (B7)
2p1—p 2
where £11 = puc1 — 61 and B12 = (2p1_1b1,u 2 —1)uy; are smooth functions 61 = dei is an unknown constant.
Step i: For i € Ng—5 g the Lyapunov function is defined as W; = W;_; + z and differentiating W; yields
= Oxim1 Oxi—1
Wi S Wiy +bizi[wia 1P+ fizi — 20y azf Ej =z~ fo (B8)
j=1 9% ot
Based on Propositions 1-3, we design v; = ¢; + wi1 + @i2 + @iz + (i — 1)p44, one obtains
) i L 14 PP
Wi <= (B +B52) (17177 + [25] 2 )+ bizi([zia 1P — [xi]P), (B9)
j=1
2p;—p .
where 511 = pc; — §; and ,312 (2pi*1bju 2 — 1)uy; are smooth functions, §; = max{d;—1,0;} is an unknown constant with

5, = 5 s (1—1)5“1.
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Step m: The Lyapunov function is constructed as W,, = W,_1 + %Z?L and design v, = ¢n + ©n1 + ¥n2 + ¥n3 + (0 — 1)pna, By
differentiating W, and repeating the above operation yields

Z(ﬁm T Bio) (|17 + 1508 ) 4 buza(FulP — o], (B10)
2pi—p
where 8,1 = cu — 6 and B2 = (2pi*1bm 2 — 1)uy; are smooth functions, § = max{d;}, i € Ny, - is an unknown constant with

_ 8% 53L2 n's (n=1)52
On = o + + ar + aa

Appendix C Proof of theorem 1
By the properties of the tlw% u(t) = 400, we know that there definitely exist a moment t4 so that inequality
—

cu(l—0)—6>0,
bu—2>0, (c)
w—21"Ph >0,

1

hold. Then, for t € [tg,T), there has Wy, < —Bn1()Wpn 2+ bpzn([u]Pn — [0]Pn). Moreover, there exists a moment t,, such that
1+p
W, 2 > W, holds. Therefore, inequality (B10) is rewritten as

7]

< =Bn1(O)Wn + bnzn ([u]P™ — [v]P7). (C2)
On the other hand, according to the trigger mechanism, there has
zn([u]P = [o]Pr) < fznl[[u]?™ — [o]P"]| < |znel. (C3)
Based on the above discussion, we define t. = maz{tw, tq}. Defining V.= W, + R, from Lemma 1, (C2) and (C3) one has

BV, (C4)

t
where 3(t) = cu(1 — o) — § is a positive function. Then, by applying Gronwall’s Lemma, it can be shown that V(¢) < V(tc)e ™ Jio Bls)ds

and lzm z = 0. It follows that lzm 1 = 0 and lzm x1=0= lim 20 =0=---= lim xn =0= lim wu = 0, which indicates
—T— t—T— t—T— t—T—
that the system states reach the orlgln within the prescrlbed time T'.

Finally, we demonstrate that Zeno’s phenomenon does not occur through a counterfactual argument. For Vt € [ts,ts4+1), it follows
that

e(t) = u(t) —v(t) = v(ts) — v(t). (C5)
Next, by defining the trigger interval t* = ts41 — ts, the following result can be established:
i [zt + ) ((0(8) = olts + )2+ (0(ts) = v(ts + )] = 0. (C6)

From event trigger condition, it follows that

|2n (ts + %) ((0(ts) — v(ts 4+ )2 + (v(ts) — v(ts + )| > pR(ts + ) + UCZZ;+ﬁ(tS +t*) > 0. (C7)
j=1

It is obvious to discover (C6) and (C7) are always contradictory. Therefore, it can be concluded that the premise t* — 0 is invalid,
implying that t* > 0 and does not tend to zero. Consequently, the Zeno phenomenon is avoided.

Remark 1. Since the system powers are unknown in this paper, the event-trigger mechanism designed in the existing conclusions [3]
are no longer applicable. This paper proposes new dynamic event triggering rules. The effect of unknown time-varying power of the
system is compensated by designing a trigger error signal with low power. In contrast, the triggering mechanism developed above has
broader applicability, encompassing nonlinear systems subject to unknown time-varying powers.

Remark 2. The work [4-6] adopt adaptive control schemes to construct error systems that compensate for unknown parameters.
This paper proposes a unified novel control method that utilizes the concept of switching to design a time-varying controller gain,
effectively addressing the problem of uncertain system parameters while simplifying the control structure. This approach eliminates the
reliance on the complex design procedures typical of traditional adaptive control schemes. In contrast, the proposed approach omits the
design of an adaptive control law while still guaranteeing system convergence within a prescribed time 7', thereby significantly reducing
computational complexity. Moreover, the advantage of the PT control framework lies in its ability to eliminate the dependency of
finite-time and fixed-time control methods on design parameters and initial conditions, allowing the convergence time to be arbitrarily
specified.
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Appendix D Simulation example

This section evaluates the designed control algorithm through simulation examples based on second-order systems.

{561 =by[za]P1®) 4 fp,

D1
g = ba[u]P2(®) + fo, (D

1 1
where b1 = 0.5 + 0.1sin(t), ba = 1.5 + 0.5sin(z2), p1(t) = 0.9 + 0.1sin(t), p2(t) = 0.5, f1 = (1.5 + 0.5sin(z1))z1 and fo = 1.5z2z2.
Next, the system is initialized with the values [z1(0),22(0)] = [+0.8,—0.2], [+1.2, —1.5],[—1.0,+1.8] and set the prescribed time to
T = 1. The parameter of the event triggering mechanism is chosen as p = 0.8. Based on the conditions described above, the proposed
control algorithms are simulated and verified, leading to the results presented below.

A comparative simulation between the conventional adaptive control algorithm and the time-varying gain control approach proposed
herein is conducted to more clearly demonstrate the benefits of the proposed method. Figs.1-5 illustrate the system states, control
inputs, and event-triggered responses under varying initial conditions.

Simulation results indicate that both control schemes ensure the system signal reaches zero within the prescribed time. Of particular
interest is that although the time-varying gain control scheme introduces a compensation phase during which the system state exhibits
a degree of oscillatory behavior in the early stages, the amplitude of these oscillations in the controller’s response is significantly smaller
compared to that observed under the adaptive control scheme. Furthermore, the number of triggering events under the proposed control
scheme is significantly reduced, thereby demonstrating its effectiveness in conserving communication resources.
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Figure D1 The responses of zj.
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Figure D2 The responses of x3.
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Figure D5 The responses of trigger moment.
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