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Abstract

With the acceleration of industrialization and urbanization, PM» s, as an important component of air
pollution, poses a serious threat to human health and environmental safety. Accurate prediction of PMazs
concentration changes is important for environmental management, public health protection, and policy
formulation. However, the inherent nonlinear nature of PM»s data poses a challenge to the accuracy of
existing prediction methods. In this thesis, with the goal of improving PM,s prediction accuracy, we
conduct research on PMa s concentration prediction methods in terms of data decomposition, decomposition
and integration prediction, and time-series correlation modeling. The main research content includes:

(1) Research on PMy s prediction method based on primary decomposition. Given that PM s varies
over time and is affected by multiple factors, exhibiting significant nonlinear characteristics, this thesis
adopts the CEEMDAN method to decompose PM.s data, aiming at reducing data complexity and
extracting multiscale features so as to improve prediction accuracy. On this basis, the effectiveness of
CEEMDAN in weakening the nonlinearity of PMa.s series and extracting subsequence features is verified.
Further, K-means clustering and fusion of subsequences with similar PE values are proposed to construct
the CKP-LSTM model. Compared with the LSTM model, the R? is improved by 0.014, and the MAE and
RMSE are reduced by 1.16 and 2.84. Meanwhile, the experimental results show that the high-frequency
sequences are the key factors affecting the accuracy of the model. Therefore, the strategy of implementing
quadratic decomposition for high-frequency sequences is proposed in order to further optimize the
prediction efficacy.

(2 ) Research on PMy;s prediction method based on quadratic decomposition. In view of the
complexity of high-frequency sequences, this thesis proposes to use the WVMD method of adaptive
decomposition for secondary decomposition, and based on this, the prediction model CKP-WVMD-LSTM
proposed in this thesis is constructed. Experiments of secondary decomposition technique show that
WVMD demonstrates a significant advantage in secondary decomposition of high-frequency sequences.
Through the analysis of comparative experiments and ablation experiments, the proposed model in this
thesis achieves a significant improvement in prediction performance, which improves 0.027 in R?, and
reduces 2.96 and 5.72 in MAE and RMSE, respectively, compared with the LSTM model. The reliability
and validity of the proposed model are verified in the comparisons with the work of others. In addition,
experiments on temporal and spatial generalizability demonstrate the model's ability to accurately predict in
the short term and capture its trends in the long term, and show the potential to be applicable to the task of
predicting PM2 s concentrations in different regions.

(3) Design and implementation of PM2 s concentration prediction system. The PM» s concentration

prediction system is realized by adopting the architecture pattern of front-end and back-end separation. The



front-end is developed using the Vue framework combined with the Echarts visualization library, and the
back-end adopts the Django framework with data storage and management through a MySQL database.
The system provides convenient data uploading and model training functions, and can predict PMa s
through the model, and then display the prediction results in the form of charts, so that users can visualize
the trend of PM 5 concentration changes.

Key words: PM;s prediction; Data decomposition; Decomposition and integration; Long short-term

memory neural network; Whale Optimization Algorithm
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