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Abstract

Environmental factors, especially thermal discomfort, significantly impair cognitive and executive functions,
leading to human errors that may result in severe system accidents. Various deep-learning models driven
by physiological monitoring have been developed to assess cognitive states and recognize unsafe behaviors.
However, most studies focus on real-time evaluation rather than forecasting and often ignore the rich dy-
namic spatiotemporal information in physiological signals. To address these challenges, this paper proposed
DCATT (diffusion convolutional attention model), a novel spatial-temporal model to provide multistep pre-
dictions of operators’ abnormal cognitive state under heat stress. Leveraging fNIRS dynamic graphs and ECG
time-frequency features extracted via neuroscience analysis, DCATT effectively utilizes spatiotemporal in-
formation. The model captures spatial dependencies via diffusion graph convolution to simulate dynamic
brain networks, enhancing short-term forecasting. It further models temporal relationships by a multi-head
self-attention mechanism to aggregate historical information, improving long-term prediction. Additionally, a
temporal projection module, a multi-head cross-attention mechanism with position encoding, is applied to the
physiological embeddings to directly generate latent future cognitive representations. DCATT outperformed
classic TCN, RNN, and attention-based spatial-temporal models, achieving an accuracy of 0.7222, an AUC of
0.7243, and an F1 score of 0.6741. This approach provides a promising solution for early warning of abnor-
mal cognitive states in emergency scenarios, enhancing the reliability and productivity of human-cybernetic
systems in the Industry 5.0 era.
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