XX E A XX B % x @ K ¥ ¥ R Vol. XX No. XX
XXXX 4E XX A JOURNAL OF XI’AN JIAOTONG UNIVERSITY XX XXXX

KAMAEEXESRENAELRUELE
BRBHMRRTIE

JARA, XUMRAR, fhige!, sl?, PR
(1. A RA RN FIAEZR 208, 200120, BHE; 2. B RERE IR (VL9 A R L, 211300, Mot 3. TH 43858 K
AT RSB, 710049, P54 )

HE. A EBARAEPARERAFMR HLEOARERL , ARLBRN RETHEA S
WAMEY R HAERRTREENG P, BB — Ao f B RETREAFRB R T R, Z
TR RARERT MAERSF S ERHIE SLEFHRT HELENAEf R L 05
BEf IR E T B — B 2 R RS R IR 5 R A, R AR L AU AR AR LR T K
IC B JE Ao S R HUZE — SO SO NS — AR XM E 2, IF 51N B AT R dm A R AU, R R 3R R OR SGIE 3R
PR RABRTFRTIIALIIE., AT ST H L RBIER LM KFIEEE 39 ¥ .5 & Kt 47
BiE , &R AW : Top— 1A Top— 3 EA ¥ HEL W EHE A ETEEMRETIENE S
7 ik 3] 88.6% .95. 7% .94.3% .91. 4% F= 94.3% , 4350 &M £ 2. 9% ;48445 L RAG 7 %, % &
LR ER G 1. 4%, 8 FHAKS. 5%, E kBl B XGRS WE Y B MAL R A0 KiE
THRAEEREN RS TR O EBUFA T E AR TR A TR,

FER: KBETHRA MO EBUBEAET iR T — R Rk BRAER TR

xR
RESES. TM771 XEEREH. A
DOI: 10.7652/xjtuxbXXXXXX001 XEHS: 0253-987X(XXXX)XX-0001-12

Knowledge—Augmented Large Language Model-Based Intelligent
Auxiliary Decision—Making for Transmission—Line Fault Handling

ZHOU Liangcai', LIU Linlin', SUN Zhihao', SHI Di*, CHEN Xin®

(1. East China Branch of State Grid Corporation of China, Shanghai 200120, China; 2. Zhibo Energy Technology (Jiangsu)
Company Limited, Nanjing 211300, China; 3. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address inefficient rule matching, insufficient historical-case association, and unreliable
suggestions from general large language models in transmission-line fault handling, this paper
proposes a knowledge-enhanced 1.LI.LM-based intelligent decision-support method. Within a retrieval-
augmented generation framework, the method constructs a cross-modal knowledge base integrating
sequence-component features, alarm-event trajectories, fault-handling procedures, and typical cases.
A physics-consistency-constrained hybrid retrieval score is developed to jointly measure semantic
similarity, electrical-feature similarity, metadata matching, and fault-mechanism consistency. A

confidence-aware generation mechanism is also introduced to trigger conservative prompts or manual
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review when evidence is insufficient or conflicting. Validation using multi-scenario transmission-line
fault question-answering samples and the IEEE 39-bus system shows that the Top-1 and Top-3
retrieval hit rates, fault-diagnosis accuracy, decision completeness, and evidence traceability reach
88.6%, 95.7%, 94.3%, 91.4%, and 94. 3%, respectively, while the hallucination rate is reduced
to 2.9%. Compared with semantic-only RAG, the method improves fault-diagnosis accuracy by
11.4% and reduces the hallucination rate by 8.5%. The results demonstrate that explicitly

integrating fault mechanisms, procedural knowledge, and LLLLM reasoning improves the accuracy,
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traceability, and safety reliability of transmission-line fault-handling suggestions.

Keywords: large language model; transmission-line fault handling; knowledge enhancement;

physics-consistency constraint; retrieval-augmented generation; intelligent decision

support
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Fig. 1 Detailed classification of common power system faults
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Fig. 4 Augmented RAG framework and online reasoning workflow for transmission-line fault handling
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Table 1 Scenario information of a 500 kV transmission-line icing flashover fault in East China mountainous area
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Table 3 Performance comparison for intelligent handling of multi-scenario transmission-line faults
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Table 5 Combinational reasoning test without exactly matched prior cases
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