Hx & x = % 5 xR Vol.x No.x

xxxx & x B Control and  Decision XXX. XXXX

%?%IEZ‘J%*%FE%I%E’J?r“&@lﬂﬁ'é%iﬁfﬁ
ZEmLEF SRR

TARRL2, By RV, TRIEELZ, Rl
(1 BT T K2 (5 B THRESRE, A 3100235 2. &8 & RGN S0 E S sLi0 =, Bt 310023)

O uTH R AR R BT I KR TE T AR A 2 R 5 S S s 4R R B 2 R, DR AS TR T R SN
AR PELII, SEIN T TR A, AR AR LA B B BRI AR, DT ORI SE I T (e R SR AR HME R % B
I A, B — PR T e AR A S R IR A AR 5| S I X R TR B T 2O VR R TR A ST B
VEAEIE 22 42 )2 W 4, FEIRBEAC B #2 ot B Be AR sh AR b AT $52, DAORBRE BN S 3 aT A7 PR 08 R AHR R U
B E—DHh, MiZg e BN E R ZOERE, AMiTEF T 5865 2] Critic M4 QEAG T B LA Actor W45}
VIBERL R 2] 205, BT 1EEE 14 717 SRR 22 150 ) B - SR A T R S S 30 3R W, BT 7 V1 1A B v 3R
PERE AL T LK B H 3 T35 (TD3-Lag) F14E T 11i2: (TD3-Pen). [FIIT 53 T HE AL I 24 E 0B, R T
AHIT (R BE R I, (H B R T 40 3 MEA.

FEERIR): ATIREI; AR EAREAEE; LA M

FESHS: TP273 XERFRSES: A

DOI: 10.13195/j.kzyjc.2025.1231

IR DL, iR, BROESE, 55, Je T W H 2 s B2 51 5 16 ol v D9 e R JEE 22 A DAL 2 o SR [J]. 45l 5 o

TR, XXXX, X(X): XXXX-XXXX.

Physics-constrained and gradient-guided reinforcement learning for
secure energy dispatch in microgrids

SHEN Jia-jun'-?, YANG Hao"?, CHEN Ying-hao“*, GUO Fang-hong"*!

(1. College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China;
2. Zhejiang Key Laboratory of Intelligent Perception and Control for Complex Systems, Hangzhou 310023, China)

Abstract: Current microgrid energy scheduling faces critical challenges, where temporal coupling constraints lead to a
significant expansion of the decision space, and AC power flow equations introduce nonlinear constraints that increase
computational complexity, resulting in an overall optimization model with strong non-convexity and substantially
increased solving difficulty.To address these issues, this paper proposes a microgrid energy scheduling method based
on safe reinforcement learning and physics-constrained gradient guidance. The method constructs a deep learning-based
action correction safety layer that projects agent actions into the feasible domain during environment interaction,
ensuring operational physical feasibility while effectively improving exploration efficiency.Furthermore, by embedding
this safety layer into the network training process, it enhances the ()-value estimation accuracy of the Critic network
and improves the physical constraint learning efficiency of the Actor network. Experimental results on an IEEE 14-bus
model-based microgrid with electro-hydrogen coupled power flow demonstrate that the proposed method outperforms
the Lagrangian multiplier method (TD3-Lag) and the penalty-based method (TD3-Pen) in scheduling decision
performance. Compared to the numerically optimized safety layer approach, it achieves approximately three orders of
magnitude faster deployment speed while maintaining similar performance levels.
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38 count+ =1,

39 if count > K then

40 fort =1:7T do
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43 end

44 IR MR R BRHCR T 22 4 2 P 4%
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47 end
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