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Scalable Dynamic Event-triggered Optimal Control for Nonlinear Systems via

Integral Reinforcement Learning

WANG Ke!' XU Zhen-Yu! ZHANG Jun-Nan! MU Chao-Xu'

Abstract Event-triggered mechanisms, particularly dynamic ones, have garnered significant interest in the control
community, with a key challenge being the balance between control performance and resource utilization. This bal-
ance becomes even more crucial when integrating these mechanisms into learning systems, where learning efficiency
plays a vital role. This paper presents a learning-based dynamic event-triggered framework that combines optimal
control formulation, learning-aware design, and integral reinforcement learning, allowing the system to adapt the
triggering process based on learning status and state changes. Using only partial knowledge of the dynamics, an op-
timal control policy can be learned online via a critic neural network, with data transmission flexibly regulated by
dynamic triggering rules. This enables the system to intelligently adopt “busy sampling” when the weight changes
dramatically, and switch to “idle sampling” during smooth learning periods to save communication/computational
resources, thereby achieving an effective balance between control performance, learning efficiency, and resource con-
sumption. Theoretical analysis rigorously proves the asymptotic stability of closed-loop systems and the uniform ul-
timate boundedness of weight errors. Finally, the proposed method is comparatively verified on a benchmark nonlin-
ear system and a single-link robotic arm system, indicating that it can achieve comparable or even better learning
and control effects with less communication cost.
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g9(x) = Los(2x1 +2)|’ vl el
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), HmIERECY V() = 323 +23. TR
SEIG R IEFEBOE REUN ¢(x) = [22, vi2e, 23T, B
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FBCTE R AR AUE, A SS BN M =5, {6,}
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T =001 s; HAMSHIE 1. F4, NRIEFSEE
Jih A, TERT 45 s 45 RGUE TR G A
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SHMR ] (SETM, BRFE BIE o) fifk 55
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A brief schematic of the proposed LDETM

®1 WAERIKEEGASH
Table 1  The main simulation parameters of
the two examples

Qe Lo, o1 (0) o2 (0) g o 13 9
HE1 015 4.5 0.45 0.5 05 09 25 0.01
B2 1000 45 045 0.5 05 09 25 0.01

2. Nk, S AN REVEAO R AR

a) F (number of released events,
NoRE).

b) fil & % (triggering rate, TR): NoRE/NoTS
x100%, Ferfr, NoTS FEon MRS

) WP BUE IR % (error of critic weight,
EoCW): ||i,].

d) H R HIIEALRZE (error of value function,
EoVF): V*(z) — V(x).

I PIAN i 08 2 B8 A R0, J5 P R bR R AR 1%
il R0 2 ST PR BE . BN 3 73550 N 1) 2R G 12 e B A
NIRFR R BB RGVERERIHI LI R R, B i
FRAS il AR 5K (21) BB ZH o X5 ST PERE AN
AR . B 2 145 RIE M 8 7R 1 E 2
AR S S P BE A7 AE AR A BT 5% 3 L
= o AH AR BEA R L0385 B, A0 AN ET R G
2FECE IR R TR X — LRI TSR
BT, RGEHZ MU B bR AAFLE [ A 7 ),
PRI 0 25 5] N BE D 8 66 R B A5 T SR

Kl 3 AL 4 73l FEoR 1l S SR A R R A%
far /7 NI LDETM i 545 1. W LR 21, fER R
e 5 )5, prA AR s A e is g Wl U RE
BHE, 28 o 5 o(t) KIRNEHFHEWHR T LD-
ETM W% CIERAIRE ) 725 ST, BUE SR
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Fig.2  The triggering rate versus weight error

approximation in SETM
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Table 2 Comparative results of different
ETMs in Example 1

NoRE TR (% EoCW -2
I SO A

SETMy = 0.1 2 104 42.08 0.001 1 [-0.27, 0.51]

SETMy = 0.5 1 587 31.56 0.0055 [-1.99, 1.96]

SETMs = 0.9 1332 26.64 0.0119 [-2.76, 5.57]

LDETMg 1 564 31.28 0.0033 [-0.78, 1.26]

LDETM ¢ 1479 29.58 0.0043 [-0.98, 1.71]

IDETM 1497 29.94 0.0089 [4.19, 2.80]
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LT, + HnT, = v — Kng
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(46)

Learning and triggering results of LDETM
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Fig.5 Cost approximation errors under different ETMs,

which are plotted on intervals z1, z2 € [-2, 2]
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Table 3 ~ Comparative results of different ETMs in
Example 2

AR I NoRE (1) TR (%) (1) EoCW (1)

SETMs=0.5 1412 23.53 0.0296
LDETMgs 1 446 24.10 0.0207
LDETM ¢ 1298 21.63 0.0213
IDETM 1335 22.25 0.0301
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