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Noisy multivariate prediction via filtering and multi-scale temporal
synergy
GUO Qiwen', ZHANG Yulong", ZHANG Xin’, LI Dejie’, WANG Xin', ZHANG Haixia', WANG Yuhan'

1. State Key Laboratory of Intelligent Deep Metal Mining and Equipment, Northeastern University, Shenyang 110819, China
2. College of Civil Engineering, Shandong Jianzhu University, Jinan 250101, China
3. CCCC Second Harbour Engineering Co., Ltd., Wuhan 430040, China

Abstract Noisy multivariate prediction is a common challenge in fields such as environmental science, transportation, and industry. The
core difficulty lies in balancing noise filtering with multi—scale feature capture. To address this, a hybrid model (Kalman—LSTM—
Transformer) based on Kalman filter, long short—term memory (LSTM), and Transformer is proposed. This model captures local temporal
and global dependencies while filtering noise, and integrates Bayesian optimization to achieve efficient and accurate prediction. Using
open—pit mine dust concentration prediction as a case study, experiments based on 1—year of monitoring data demonstrate that the model
outperforms baseline models, reducing the root mean square error (RMSE) by 21.70%-27.19% and the mean absolute error (MAE) by
6.68%—18.30%, while achieving a coefficient of determination (R’) of 0.934. Ablation experiments and hyperparameter analysis results
further confirm the effectiveness of each module. The model exhibits transferability to similar scenarios, providing support for intelligent
carly warning and precision management across multiple domains.

Keywords noisy multivariate prediction; Kalman filter; long short—term memory; Transformer; Bayesian optimization
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