2026 EE 2BE 2 Frontiers in Innovation and Technology BB S BT

ETais I E RS R gLt
5 TiESEE s

F%4F

(E RV TR, kv R bk 81310)

WE : AfFfesies, AAZL, FELAHRREEFIRMBRRAENOTFT, 24 R A @30 £ 20 H R
M. ZREB/ES. WAL EEBHEHDETNEFRE, BAENTEEI LN EHET FHAL, BEALEIRNTED
TERARE, SHES SR TN, FEIEAMRETSE, £E2LARTHRIL, BILFEIEH—FALERGH
KGR RE R R T ok, RBARZEHMFRERGHEAT, B RE 5 R BRI R A F B, H L 4R RS
RETHOEARSEZ, ALBRBELFI)AFREFNRAAFTOLN, RAWRELZDEMEHEFE, Rilid® TA2EHR
BB S 42 R RBOTHER, FACKERE, AMEH R, i, IGENH. HRERH, ReEHNS TETEPRSF
FwEEREEARE S, AL, AT hd s, BANBAEN, AANLSATERBEZHAESFLA YR
I, MERAF DR TARBRIRRITOAN, FALEARTLRAL T RIEGIK, QEFEARETR, IHERES,
BARHARER, EEREFANEESTREETLFFAL. 5, ALREBLF)EHEAILANMAGARSE, wRHFFL
B, SR ) B AERRE. REARIAI T UBAA RIS EHEF I Kk, FTRAY, BILF DAY RIS
BBRERRFR RGN, AL KBTS AGE £ 2K, RZREETRIEN T &t —F Rk,

KEER : RALF ] ; FREAEH] o RASRILF ] ; =8 RART ; TAERE ; R2AR

W EE : 2026 541 A 20 B HESES : TP29

BIFEE : £ 38, ZABLHEIRF

Design and Engineering Practice of Intelligent
Control Systems Based on Reinforcement
Learning

Duoduo Mou

(Universiti Teknologi Malaysia, Skudai 81310, Johor, Malaysia)

Abstract: With the rapid development of intelligent manufacturing, unmanned systems, smart transportation,
and energy management, control systems are increasingly required to handle objects characterized by strong
nonlinearity, multivariable coupling, frequent disturbances, and dynamically changing operating conditions.
Traditional control methods still dominate industrial applications; however, under complex working conditions,
they are often affected by model errors, parameter drift, and environmental variations, which may lead to degraded
control performance and even stability risks. Reinforcement learning, as an intelligent decision—making approach
based on interactive feedback, can optimize control policies through trial-and—error interactions and reward signals
without relying on accurate mathematical models, thereby providing a novel pathway for complex system control. This

paper systematically reviews the theoretical foundations and algorithmic characteristics of reinforcement learning in
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intelligent control applications. It proposes an engineering—oriented design framework for reinforcement learning—
based control systems and summarizes key technical elements, including state modeling, action constraints, reward
function construction, training mechanisms, deployment architectures, safety control, and engineering maintainability.
Furthermore, by examining typical application scenarios such as industrial process control, mobile robot control, UAV
attitude regulation, and energy management scheduling, this study analyzes engineering implementation procedures
and identifies major challenges in real industrial environments, including low sample efficiency, high training cost,
simulation—to—reality gaps, unsafe exploration risks, and insufficient interpretability. Finally, this paper proposes
practical optimization strategies for engineering deployment, such as digital twin—driven training, integration of
reinforcement learning with traditional control methods, safety constraint mechanism design, and online transfer and
continual learning strategies. The results indicate that reinforcement learning has significant potential in the field
of intelligent control; however, large—scale engineering applications still require further breakthroughs in safety,
stability, and verifiability.

Keywords: Reinforcement learning; Intelligent control; Deep reinforcement learning; Control system design;

Engineering practice; Safety constraints
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