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Fig.1 Hydro-turbine anomaly detection scheme

opllEapal

based on sound data

i il & T MobileNetV2 ) bottlenecks fE -~
) DR 265 1) 2 AR B L B oA BCR L PReLU ., 7E
DX 28 B9 4 8 53 R FH PR3 R A TE I G L B R

K HE(1979-), 5B A+ g TR, BFSE 7 18 N {5 5 4 B, E-mail : zhang yong@sdic. com. cn
X ZEEE(1978-) 0 F A R AR 7 W AR 5 0 A L N T4 B E-mail: livhaorui@aithu. com



841 B 8 M

B A T IR B A AR R 2 I 4% 15 R 0T 5 A Y UK B SR A + 189 -

2R R L e 2 R IR EE B BUZ R A
— R BREE N RER . IR A
HIEWAE, i CNN BERL, — 4 B AE b i A
JZ2 . it 2 9 RO ALERAE  7E 4 7 45 2 Z Hi e 3
VR 5 R AL O3 4 45 1F embedding, 3X 1~ embedding
RISk i 2 B 26 CNIN 2 BB A R AE , 7T LUAE by
LA AR R HE B A

B[] — 4E A5 5 H 5 B8 5L i (STET) 47 i
BI04 B 0 — e s A VR S CNIN Y B
Ao FEA BT B RE AT, 3 B STET S50 K
2 048, MRSy 512, WAL K 128, I A= Jli 1) 4 1>
FEARRY R )R 2 048X 128X 1,

CNN Wit il 2% B AR A RF A 2
B HRERENRS BEEBRENNHES
. R H CONN %5 ) & A B A& R ~F
2 048X 128X 1, 7 B Il 1 AR 455 0 4k 285 4 47 J
S, F 1 MG ESEUL L Ko IRB %
7~ Inverted residual block #3e, ¢ FoREEP K
%, e Fon i EaEE .. TR EEREs £
$EK,

R 1 CNN@EEZY

Tab.1 CNN model structure

A T‘/’TEME t c n s

2 048X 128X1 Conv 3X3 64 1 2
1024X64X64  Depthwise Conv 1 64 2 1
1024X64X64 IRB 64 1 1
1 024X64X64 IRB 2 64 5 2
512X 32X 64 IRB 4 128 1 2
256 X16X128 IRB 2 128 6 1
25616128 IRB 4 128 1 2
128X 8X 128 IRB 4 128 1 2
64 X4X128 IRB i 128 1 2
32X2X128 IRB 4 128 1 2
16 X1X128 Pointwise Conv 128 1 1
16 X1X128 Linear GD Conv 128 1 1
1X1X128 Linear Conv 1x1 128 1 1

W2k bR B ] ArcFace it 2% BRI %8, ArcFace
BXES Softmax Loss B, Softmax Loss FJ
SEREN AN

1 N eWI’x’Abw
1,1:fﬁ210g”(7 @D

Whe +b,
E e |

XLy Softmax HURfE; N WAL 7,
HREA Y R BB W O B AR B 5 b N i 22 19
Wb — R AR R )R s x N
FHAE 7]

b, =0, Wix, = [[W, | [[x, | cost; .

HW, H =1, Hx,‘ H :57JH\IJ:

scosf)
e

1< .
L, :—N;)log , (2)

7
c

scosl scosl .

e i E e i

j=1,jyi
RSP S @I DO 3 -
JE ) margin m, W75 5] ArcFace B ZIE XN .

sLeos(0 . +m)]
yi

N
1 < e
Laye=— N E log . (3)
i=1 e»[cos(ﬁy(‘ﬁn)] + Z e»[cm(ﬁj ]

i
HH L, Ly N ArcFace iR 18,

i CNN 4 WO & RRAE 5 A g8 32 2]
DS S R DAY Pl BB Oy e TR A
B(GMM) . Z4EIR £ Wi Bt — A S B
Hbrmygeita: I BiRl

K
PGEI)=D16.6 | s 3D 1)
i=1
S 1
E@ s 2 )=
CoR[Y]

1 — - \ — -
exp<*?(1 —p)" Y (& *;z,-)) (5

K
D4 =1 (6)
i=1

R, p () MW Ky & B9 BE 2 Sy WL
b, MRANE; G | o, S NEHTEREGK N
FEATEN RSB, B P AT B
S hA A A A P T 2%

GMM #0312 4 58 18 & B80UR A 1A 75 307
BRI 5y 22 ROTIR A LT . SR 4 5 1
I8 B AL T CNN [ 75 25 4% fF 12 Bk
BRI R 160 B L % A R E 1 e ) 2545 8 —
DKL IEH RS W EHR G EA (GMM) ,

3 CNN-GMM #1303 S ik

Jg B 9E CNN 5 GMM Bt & 77 ¥ (GNN-
GMMD) WPk R 2k H 35 [ B30T 70 6l K 27 Bl 2 2504
s B AR S B 7 O T g R A
FEME R — 150 kg » m/s B RHL . JE LK
AR T S R A 1R A% o F ML S R el R
FE AL I8 5 T R T B2 . r ALK 2 o 174 Bl 7K
B4 h SKF6205. {55 REESIE N 12 kHz, 7K
B RS 5 25 TE H VR B AR | R
R

Zgeit, R AR S EE ) B A K 2 160~
280 s, B B SRS /N Sy kA PR BN /D i AR
IR TE VR MR 8 L 3k 406 A5 [R) L, Xof 9 2 B0 9 e Ak



. 190 Koo g

2023 4F

B REAE ., AT E R EEEKER N
n, T RS K b i 2K A 4588 sh i BUR 4
RS 5 R RAF A2 T8 5 BB A S
W 3 7045 21 DU 288 Bl 7R R A B0 L i IR —
F1%) 0 0 35 BB 4 2 B Y 50 Yo A S IR 08 . S A
CNN I 25, 75 51 56 T3 DU SR AROIR A i A, AR
WAl A AR B P8 242 STET 78 #4593 14 B 45 i
KIfE B CNN B fig A, i & STFT Z £ i K
2 048, MiF% 512, Mikk 128, § A KL 1) 45 &ML A
fIRSE R 2 048X 128 X1, 1 BUAE A il 7R IR 25 1
2 R RCHE A Sy DR |, 3 AN A5 31 i B8, 75
P ERE SRR, B 2 BoR TG
TR BOE . A CNN R I 2515 3] 1) 155 8 4y
MK W FT o a5 R S5 A R 25 R (A 2
(e)), AT LAFE H CNN Il k45 21 1 455 R0 78 1 el i
IR BT — 2 1 Ry B

i i [ i i i
$ st : ! 5 [
kS 1 1
- | 1 1
0.0 ! d ol |
- ] )
=i 1 1 I 1 N

sL
EER19 fERZ38 EME ST E5ME 76 FEIER 20 fERE) 40 FEME 60 ZE5ME 80
WA HEEIEE MEERE ARRRE WA MEEER MEEERE MR

#
VARERS

it L A s it '1-“57!'1}?5 R s
. | G RDAEE
1 1
® oot o L
E i i ® 00 i '
T osf I I H T s 1 ! 1
fEIER 18 fERE)36 FEME S FE5NE 72 FEER 28 7ER%) 56 FEME 84 FESPEI112
BB HEERE HEIRE MEERR 1RAh WEERE RPERE AUERR
ik q’iﬂ‘h’ﬁﬁ PR AR pUEe '4“3[&‘]\?{ P R
pL pU

© @

B2 HALEHERS CNNFEUKER
Fig.2 Classification of different bearing fault
signal based on CNN
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Fig.3 GMM test results for different bearing fault
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Fig. 4 Sound effective value trend analysis of some points
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Tab.2 Comparison of RMS rise rate at overspeed moment
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Fig.5 Abnormal detection results of 3BB measurement point
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Tab.3 Hydro-turbine generator set abnormal data

labeling results for the respective measurement points
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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





