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Tab. 1 Indicators for safety evaluation of the medium-hole gates of

Shaping IT hydropower station (partial)
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Fig. 1 Heat map for the matrix of correlation coefficients between evaluation indicators (partial)
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Tab.2 Characterization matrix of the new indicators from UMAP downscaling

B bR F, F, F, F, 28 Fs Fy Fi Fy, Fis Fy6 F,,
Y, 0.98 0.99 0.98 —0.99 —0.99 —0.99 —0.16 0.02 —0.01 —0.26 —0.66 —0.82
Y, 0.02 0.03 0.02 —0.02 —0.02 —0.02 . —0.96 —0.98 —0.98 —0.85 —0.21 —0.65

£ 3 CONNJIGRERFIMZIIGER L)
Tab.3 CNN training samples and network training results (partial)
Lk SR
CNN#i A (IH—1k) " N )
HEA TS iy i
F, F, F, ... Fis Fi Fy, I3 R
1 0.97 0.81 0.70 0.90 0.89 0.70 0.32 0.35
2 0.95 0.81 0.69 0.87 0.91 0.69 0.15 0.17
s 3 0.89 0.82 0.75 0.85 0.94 0.77 0.05 0.06
4 0.91 0.78 0.73 0.90 0.84 0.64 0.83 0.92
801 0.95 0.81 0.75 0.83 0.88 0.69 0.58 0.59
802 0.94 0.79 0.69 0.82 0.79 0.63 1.09 0.86
803 0.92 0.81 0.71 0.89 0.85 0.70 0.47 0.49
o 0 18] 804 0.94 0.83 0.70 0.84 0.84 0.65 1.07 1.04
805 0.91 0.80 0.70 0.86 0.83 0.66 0.63 0.69
1 000 0.74 0.66 0.54 0.57 0.57 0.51 0.19 0.23
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Tab.4 Comparison of comprehensive evaluation results of hydraulic gate safety before and after dimensionality reduction of indicator system (partial)
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1 0.74 2 1 0.90 2 1 0.75 2 1
2 0.30 5 1 0.46 6 1 0.29 11 1
3 0.41 4 1 0.51 4 1 0.39 8 1
4 0.58 3 1 0.55 3 1 0.57 5 1
36 0.88 1 1 0.99 1 0.92 1 1
100 0.10 100 2 0.08 100 2 0 100 2
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Fig. 2 Simulation results of CNN in training and verification periods (partial)
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Tab.5 Results of CNN-based indicator screening (partial)

fits F, F, F, F, F; Fs Fy, Fy Fy Fi Fi Fy
G,/% 8.14 0.68 0.23 0.75 0.49 5.84 1.01 4.25 4.64 0.81 0.19 5.38
P; 0.61 —1.10 —2.00 -1.23 —1.34 0.31 -1.16 0.05 0.22 —1.04 —1.88 0.26
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Dimensionality reduction of hydraulic gate safety evaluation index system
based on UMAP and CNN

XUE Chen', LIU Dongke’, ZHAO Jianping’, LIU Feng', XU Chao®', XU Jiayi’, ZHANG Yu’
(1. China Energy Science and Technology Research Institute Co., Ltd., Nanjing 210033, China; 2. CHN Energy Dadu River Shaping Power

Generation Co., Ltd., Leshan 614000, China; 3. Nanjing Hydraulic Research Institute, Nanjing 210029, China;
4. School of Water Resources and Hydropower Engineering, North China Electric Power University, Beijing 102206, China )

Abstract: The safety assessment of hydraulic gates is crucial for the regulatory capacity of hydropower stations, as
it is closely related to factors such as water levels upstream and downstream of the station, structural stress, gate
vibration, and the status of opening and closing mechanisms. Many of the hydraulic gates in operation in China were
built in the 1960s and 1970s, and due to the harsh working environment, there are numerous safety risks. Therefore,
conducting safety evaluations of hydraulic gates is essential to prevent potential accidents. However, existing studies
on gate safety assessments have two main shortcomings in terms of indicator selection and system construction.
Firstly, many studies overlook the impact of correlation between indicators in the evaluation system on the
assessment results. High correlation between indicators can lead to redundant and interfering information,
potentially distorting the evaluation results. This is especially evident in hydraulic systems like hydraulic gates,
which have numerous parameters and complex structures. Additionally, as the number of measurement points
increases, the scale of the indicator system also grows exponentially, complicating the evaluation process. Secondly,
existing studies generally lack the identification and selection process of indicators' influence on the comprehensive
safety assessment results. The impact of indicators on assessment results mainly lies in two aspects: the different
magnitudes of changes in each indicator and the varying responses in comprehensive assessment values caused by
relative changes in each indicator, indicating varying levels of sensitivity. Therefore, in conducting safety
evaluations of hydraulic gates, both aspects need to be considered to ensure the rationality of the indicator selection
process, the effectiveness of selected indicators, and the simplification of the indicator system.

Two approaches, overall transformation and gradual reduction of indicators were employed in this study,
utilizing uniform manifold approximation and projection (UMAP) and convolutional neural networks (CNN) to
reduce the dimensionality of the evaluation indicator system. Initially, an initial indicator system for the safety
assessment of hydraulic gates was constructed. Based on the analysis of indicator correlations, uniform UMAP was
used to reduce the dimensionality of the original indicator system. A CNN training sample generation method based
on indicator value discretization was proposed, introducing two indicators, relative change magnitude, and
sensitivity, to quantitatively evaluate the impact of indicators and their relative changes on the comprehensive safety
assessment of gates, thereby selecting key evaluation indicators.

By comparing and verifying the results before and after dimensionality reduction of the evaluation indicator
system based on monitoring data from the middle hole gate of Shaping Il hydropower station, the differences and
respective advantages and disadvantages of the two dimensionality reduction methods from multiple perspectives
were disscussed. The results indicate that the dimensionality reduction strategy based on UMAP demonstrates
significant advantages in reducing inter-indicator correlations and improving computational efficiency, while the
CNN-based dimensionality reduction strategy shows more pronounced superiority in maintaining the accuracy of
the indicators' physical meanings.

These proposed methods not only advance the theory and practice of reducing complex indicator systems but

also enhance the rationality of the indicator selection process, the effectiveness of selected indicators, and the
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simplicity of the indicator system, providing professionals with a quantitative analytical tool. Furthermore, based on
the findings of this study, future research will focus on how to more effectively coordinate the weight distribution
between indicators for specific applications such as safety assessments of hydraulic gates, propose a more
reasonable comprehensive safety assessment method for hydraulic gates, and further develop safety classification
identification and warning technologies to offer more comprehensive and in-depth theoretical and practical support
in this field.

Key words: hydraulic gate; safety evaluation; index system; dimensionality reduction; UMAP; CNN
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