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Abstract: To address the pronounced multi-source, multi-dimensional, and non-stationary characteristics of
seepage monitoring data in earth-rock dams, this study proposes a feature extraction method that integrates
traditional physical features with deep learning - based features. Physical and statistical features reflecting the
fundamental behavior of the seepage process are extracted from time-domain and frequency-domain
perspectives, and an autoencoder is employed to achieve deep feature compression and fusion of multi-source
monitoring data. An engineering case study of an earth-rock dam demonstrates that physical features can directly
characterize variations in seepage driving forces within the dam body; time- and frequency-domain features

reveal the lagged response and periodic evolution of the seepage process; and deep features comprehensively
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capture nonlinear correlations among multi-source monitoring variables, exhibiting higher overall sensitivity and

information integration capability with respect to seepage state changes. Compared with traditional feature

extraction methods, the deep features show stronger comprehensive representation capacity in depicting seepage

trends and state responses. The results indicate that multi-dimensional feature fusion effectively enhances the

completeness and sensitivity of seepage behavior characterization, providing a reliable feature basis for seepage

safety monitoring and anomaly identification in earth-rock dams.
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Fig.2 Framework for seepage monitoring data feature extraction
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Fig.6 Seepage pressure water level process diagram for selected monitoring points on the main dam of the reservoir
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Fig.7 Seepage flow process diagram for the main dam of the reservoir
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Fig.13 Schematic diagram of seepage flow time series decomposition
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Fig.16 Heatmap of Autoencoder deep features
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Fig.17 Deep learning feature extraction results
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Fig.18 Comparison diagram of feature time evolution between AE and PCA
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Fig.20 Comparison diagram of variance contribution between AE and PCA
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