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A Power Equipment Maintenance Method Using Rule—Constrained

Risk—Aware Preference Reinforcement Learning

LUO Haichen, LI Mingxuan, RONG Mingzhe, YANG Aijun, WANG Xiaohua

(State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: To address difficulties in multimodal evidence fusion, inadequate enforcement of
maintenance rules in general-purpose large models, and hard-to-control output preferences in high-
risk power equipment maintenance, this paper proposes a rule-constrained risk-aware preference
reinforcement learning method. The method organizes task queries, multimodal field evidence,
maintenance rules, and equipment and scenario metadata into structured inputs. It establishes a five-
dimensional preference criterion covering state-assessment correctness, evidence consistency, rule
compliance, risk conservativeness, and recommendation actionability. Comprehensive preference
scores, safety-score gaps, task complexity, and evidence sufficiency are incorporated into dynamic-
margin preference optimization to encourage conservative, verifiable, and procedure-compliant

outputs. The constructed dataset covers six task categories: transmission-line perception,
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disconnector-state monitoring, on-site safety monitoring at power facilities, substation monitoring,

power-component recognition, and comprehensive power-plant monitoring. Experimental results

show that the proposed method achieves a multiple-choice accuracy of 87.89% on the power

equipment maintenance validation set, exceeding the initial policy model and the proximal policy

optimization model by 13.56 and 5. 54 percentage points, respectively. These results validate the

method for offline power equipment maintenance scenarios. This study provides a feasible approach to

improving rule compliance and safe outputs of multimodal large models in high-risk maintenance.

Keywords: power equipment maintenance; preference reinforcement learning; rule constraint; risk-

aware dynamic margin
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equipment maintenance
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Fig. 2 Encoders for processing different multimodal data
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Table 1 Performance comparison of different models on the power equipment operation and maintenance validation set
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