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Feature Enhancement Method for Small Sample Wastewater Data Based on Optimized Count
Min Sketch and Deep Learning Models

Wang Ruoxi, Xie Xuesong”

(School of Information Science and Technology, Beijing University of Technology, Beijing 100124, China)

Abstract [ Objective ] Due to the high cost of acquiring wastewater quality data, existing deep learning-based models for
wastewater quality prediction often face issues related to insufficient accuracy and robustness, particularly when dealing with small
sample datasets. [ Methods ]  To address this challenge, this paper proposed a novel wastewater quality prediction model that
combines an optimized count-min sketch (CMS) algorithm with a long short-term memory (LSTM) network enhanced by an Attention
mechanism. First, the optimized CMS algorithm introduced a decay factor to effectively extract frequency domain features, enhancing
the representation of data in the frequency domain and enabling better reflection of underlying patterns. Second, the LSTM-Attention
network performed soft measurement modeling based on the optimized CMS features. The LSTM captured the temporal characteristics of
the data, while the Attention mechanism assignsed weights to important features, thereby improving the model’s prediction accuracy
and robustness in small sample data environments. [ Results] To validate the effectiveness of this modeling approach, experiments
were conducted using a real-world wastewater quality dataset. The result showed that the LSTM-Attention model, enhanced by CMS
feature extraction, significantly reduced prediction errors and improved prediction accuracy. Specifically, the optimized model

demonstrated a substantial improvement in performance on the test set, with a reduction of 9. 04% in root mean square error ( RMSE)
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and 7.93% in mean absolute error ( MAE). [ Conclusion ]

These experimental result validate the effectiveness of this data

augmentation method in addressing the challenges posed by small sample data, significantly improving the model’s accuracy and

robustness. This approach provides effective technical support for optimizing wastewater treatment processes.

Keywords count-min sketch (CMS) ; deep learning; soft sensor; wastewater treatment; data enhancement
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