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ABSTRACT

Objectives: This study proposed and evaluated an artificial intelligence (Al) framework based on GraphRAG that
integrates large language models with an industrial safety knowledge graph. This framework is designed to
automate the analysis of accident investigation reports and support risk assessment and the planning of
preventive measures.

Methods: Accident-investigation texts, images and related legislation from the Korea Occupational Safety and
Health Agency were processed and standardized. Key entities, relations, and visual risk cues were extracted using
named-entity recognition, dependency parsing, and vision—-language models, and were then incorporated into an
industry—wide safety knowledge graph. A retrieval-augmented generation pipeline, combining vector search with
graph traversal, provided a Korean large language model with multi—hop context, enabling explainable question—
answering. Pilot tests compared Al outputs with expert judgements on historical cases.

Results : The system suggested frequent risk factors for specific industries and processes in a contextual manner,
automatically detected potential legal violations and shortcomings in proposed countermeasures within new
reports, produced quantitative risk ratings by analyzing historical incident patterns and visualized causal networks
to facilitate expert validation and iterative knowledge enrichment. Expert reviewers confirmed that the Al markedly
reduced manual screening time while maintaining explanatory detail.

Conclusions: The GraphRAG approach effectively combines unstructured accident narratives with structured
safety knowledge to deliver transparent insights for proactive risk management. The continuous ingestion of new
reports and phased integration with the KRAS platform could help to make data—driven safety governance the norm
and speed up the transition to smart occupational risk control.

Key words: accident investigation, industrial safety, knowledge graph, large language models, retrieval—
augmented generation
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Figure 1. Accident investigation data collection and pre—processing process

www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(3): 274-281



= "loltt. 24 A9 A7 R-E(query processor)
oAl AREAFS] Ho(EH Eﬁ)é ?JE—FH}IQE o} 34
719ES} g Helgitt A& ‘T A 71A 7
UARILY] FQ AR FRIZEY” EP‘ 297} A==
AMA(EZH A 71A, 714D} BA J=(dDE F=
gttt o] ol oA 5E A4 Tz =H|Ql A
dS Bgat am, AbA sheE go] BERT 7)ut
NER HY& 9| TS #A51ES ST AFLRA
HiAes 29 = uia(ihar 3 7., €9l

2 =)z F3(chunk)® 2a=o] We s, 7zt
9] 3= AdAEo] T g IgollA T A
AER ZEH
JHE AN HE(retriever)olAl= XLO,]Q} Aty 1)

A9 Lo} AHIHEE At 54 7|9
Tz DB Aejsto] s LE9] o] k&, I
AAE 23Rt QA = AT A Wl =0
T=5 9E FAMA(FAISS)O o] IHgdS FUst
of HAE TFX|(AMLL HIA BF)oA FAHET} =2
TAE 712 FMstESE itk did IS &9
Jefjzo] 2y A=A %2 4l AHEY o] Al
Al HAFow HET 4 Qlot. HMNE A3z
AEYEQA ¢4 HAE A= RAG ZEIES] §
HE goe.

LEXE 14 HE(organizer)XE AA 23 5
7 TR0 w2 AEEZ AdEste] LLMe| A9
AYAER ARERITE I AHYEQFS 3¢ ko
ol IAE 4AHtiriple)olut 7HASE Apdo] EXFo

mlm Il:l

figure 2. ai-based knowledge processing and analysis diagram
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Table 1. Quantitative performance metrics of the Al-based accident analysis model

Evaluation item Quantitative accuracy Application example
Risk level prediction accuracy 91.3% Based on 10 years of press accident data
Legal violation detection precision 9 4% Automatic extraction of Indl_Js_tnal Safety and
Health Act provisions
Effectiveness prediction accuracy Within 7% Comparison of effechyeness befolre/ after
countermeasure implementation
False positive rate Approx. 6% Misidentification of legal issues or inadequate

countermeasures
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