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Abstract

Human reliability data is critical for advancing reliability analysis methodologies. However, existing data
collection methods lack dynamic features and suffer from coarse granularity, with a heavy reliance on expert
knowledge, making the process time-consuming and labor-intensive. To address these challenges, this paper
proposes a scenario-driven, automated human reliability data collection paradigm based on large language
models (LLMs). Our approach focuses on the workload indicators behind human errors. First, we collected op-
erator workload data in a high-temperature gas-cooled reactor (HTGR) control room environment, using the
NASA-TLX questionnaire under different scenarios. Subsequently, we fine-tuned the large language model
Qwen-7B based on the collected real-world data. Experimental results demonstrate that the proposed method
can simulate the cognitive workload of operators in real-time within the explored scenarios. Compared to
traditional HUNTER methods, our approach offers significant advantages and outperforms existing commer-
cial large language models in prediction accuracy, providing more accurate, flexible, and scalable workload
estimates.
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