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Fig. 1 Schematic diagram of two-dimensional attribute

feature distribution of aging deformation
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Fig. 2 Layout of normal vertical measuring points

of an extra-high arch dam
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Fig.3 Wavelet decomposition result of deformation
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Fig.5 Clustering results of aging deformation
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Fig. 6 Co-integration monitoring results of aging deformation in each area
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Co-integration Monitoring Model for Aging Deformation of Multi-measuring

Points of Extra-high Arch Dam and Its Application

LIU Wei-qila']h , CHEN Bo'"'"", LIU Ting-he2
(la. College of Water Conservancy and Hydropower Engineering; 1b. State Key Laboratory of
Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
2. China Water Northeastern Investigation, Design&. Research Co. ,Ltd. , Changchun 130021 ,China)
Abstract: The measured deformation data contain rich temporal and spatial information and evolution laws of dam de-
formation. To study the co-integration relationship of the aging deformation of extra-high arch dams, wavelet decomposi-
tion was firstly used to obtain the aging component of the dam displacement. Considering the weak spatial integrity of ex-
tra-high arch dams, the FCM clustering algorithm was utilized to realize the regionalization of aging deformation. With
the help of the idea of regional linearization, the spatial nonlinear co-integration relationship of the whole dam aging de-
formation was transformed into several approximate linear co-integration relationships within different regions. The zonal
co-integration model was established to describe the development law of time-varying co-integration in different regions of
the dam. The co-integration development monitoring and early warning of multi-measuring points aging deformation were
realized by co-integration residual.
Key words: extra-high arch dam; aging deformation; co-integration theory; monitoring model
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Detection of Abnormal Sound of Hydroelectric Unit Based on Combination of

Deep Convolutional Neural Network and Gaussian Mixture Model

ZHANG Yong', YUAN Wen-zhi' ,DUAN Gui-jin' s WANG Bo-yu', LIU Hao-rui’
(1. Yalong River Hydropower Development Company, LTD. , Chengdu 610051, China;
2. Tsinghua Al Plus. Beijing 100084, China)

Abstract: In order to realize the safe monitoring of the operation status of hydroelectric units and solve the problem of
automated watch keeping, based on speech recognition technology, the normal status model of measurement points based
on the operation monitoring information of generating units was established to implement abnormality detection. Firstly,
the experimental data of the bearings of Western Reserve University were used to verify the correctness of the selected
modeling method of deep convolutional neural network (CNN) and Gaussian mixture model (GMM). Secondly, a total of
forty-two measurement points were arranged for the turbine set, and ten sensitive measurement points were selected for
position classification based on the rise rate of RMS before and after overspeed. Then some data were selected as training
data to get CNN model and unit sound features. The GMM model was obtained by further training. Finally, the scoring
results of the test data were used to determine the machine operation status, i. e. ,» the degree of deviation from the normal
status was determined to achieve abnormal status detection. The experimental scheme was confirmed by manual annota-
tion, thus verifying the feasibility of the method, which realizes the design of sound-based abnormality detection algo-
rithm for hydropower units.

Key words: hydroelectric unit; deep convolutional neural network; Gaussian mixture model; abnormal detection;
spectrogram





