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Fig.1 Condition monitoring flow chart of wind turbine
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Fig.5 Condition monitoring flow chart of multiple

wind turbine
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Fig.8 Wind turbine condition judgment results before and after BDA

M2 3 A TCA {75 BRI S d Y3 2
1 AGEEVR TR BE SR JDA 508 T 81 45>
A FIEAT 0 A KG BE G TCA #2551 1.808% ; BDA
R B0 AR B A P S50 25 9 3 4% 0 A ANt 2%
A ARG B LR RS HTHR 55 1 7.446% , [k TCA 2
1 3.016%), [t JDA 4275 T 1.208%, UtHITE GRU
PR T HEAR A TS 0L T BDA g 4 i TR
HIAERE .

& 8 Hl 1, 22 BDA Kb FREUHE 5 | Ve REIR
AR LTS 2% T B HRRT T 60 I ai, 456K 3
AIHL, SRS 2 2] JE SRR R T s XU AL S
ULIATE RS 2% 2] (R 3 R VA 52 M SCADA ¥ i) Jot
i RS AR E R T T KR LA B 1 TR
A5, T 22 I MLZEAZ A7 bR W A A f4 4
FRCR Y0 UE T TR B A8 S A
6 it

BT 22 R LZELIRA B0 7 ok HE AR A
- 1072 -

LS ) ) A1, AR SCHR T 3T BDA 222 Y 2 A
LA PR M vk AR B L T 45,

MIET GRU HEALFN SPRT J7 v Al B4 XL L HL
ZHARZS WE I T L BETH PR TUAR S R Bs2 IR, FTH2HR
S Z TR PEm T IEE 1T AR R
AT HERG R X ML 2 IR

@FETF BDA (122 KU HL HLALIRZS W Iy 72 B
fif it G 2 XU ML ZH B A AR 30 N T AR A
THA ARG M ), Fe 2 W HLALZ T RS
) W SIS FBE R L 34T BDA 1Y 2 KU HLdLis 1T
PRAS W 7 v RS B2 LA RS R4 T T 7.446% ,
BALTFHT TCA FIDA B9y

Sk

(1] XUZKHT, IS, a3, 55 35T 24T 55 2 > i XUk 5
] U5 D7 R . T HA BRI, 2021, 39(4) : 481-487.

[2] Chen N,Yu R,Chen Y,et al.Hierarchical method for



(5]

(6]

(7]

HHEE,

wind turbine prognosis using SCADA data [J]IET
Renewable Power Generation,2017,11(4):403-410.
2R XU ALZH D A i e 2 ) -5 0 FHIFE D] AL 5T
AL IR, 2017,

LASCISTTIE 3 < 52 8 S R S L R E R ) N S &
T ALY LA PERETAG (D). PT 2R BT, 2019, 37
(1):132-137.

Xiang L,Yang X,Hu A, et al.Condition monitoring and
anomaly detection of wind turbine based on cascaded
and bidirectional deep learning networks [J].Applied
Energy,2022,305.117925.

bz AL BRAET | A AL TR LA S AT I 22 X
RALHZBATIRE PN L 0] 2R aEIR ,2022,7
(1):12-19.

Jia X,Han Y,Li Y,et al.Condition monitoring and

performance forecasting of wind turbines based on

(8]

%1

[10]

[11]

BT 8o & it 5] 6 % KoL PULRIE AT K A 5l o &

denoising autoencoder and novel convolutional neural
networks[J].Energy Reports,2021(7):6354-6365.

Han 8,Qiao Y, Yan J,et al.Mid—to-long term wind and
photovoltaic power genera tion prediction based on
Copula function and long short term memory network|[J].
Applied Energy,2019,239.181-191.

Qiao Y,Han S,Zhang Y,et al.A multivariable wind
turbine power curve modeling method considering
segment control differences and short —time self —
dependence[J].Renewable Energy,2024,222.119894.
Wald [M].Chicago : Courier
Corporation, 2004.

Wang J,Chen Y,Hao S,et al.Balanced distribution
[A].2017 IEEE
International Conference on Data Mining (ICDM) [C].
New Orleans:IEEE,2017.1129-1134.

A.Sequential  Analysis

adaptation for transfer learning

Condition monitoring for multiple wind turbines based on
balanced distribution adaptive transfer learning

Zhang Yajie'*, Wang Luo®, Liu Yulu'?, Yue Bo’, Han Shuang'?, Su Ying’, Liu Yonggian'?
(1.State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources (North China Electric
Power University), Beijing 102206, China; 2.School of New Energy, North China Electric Power University,
Beijing 102206, China; 3.China Three Gorges Corporation, Beijing 100038, China)

Abstract: Accurate condition monitoring of wind turbines is crucial to the safe and stable
operation of wind turbines and the improvement of economic benefits. However, affected by the
divergence in the distribution of operating data of different wind turbines, the existing condition
monitoring methods have the problem of difficulty in taking into account the accuracy and
efficiency in the application scenario of multiple wind turbines. BDA can shorten the data distance
and reduce the data distribution divergence. Therefore, this paper propose a multi—wind turbine
condition monitoring method based on balanced distribution adaptive transfer learning. Firstly, the
mutual information method based on Copula entropy is used to mine the key influencing
parameters of the wind turbine condition; then, a wind turbine condition monitoring model is
established based on the GRU model and SPRT method; wind turbine operation data distribution
assimilation model based on BDA is constructed, and used for multi —wind turbine condition
monitoring. Results show that the proposed method can effectively save the modeling cost and
calculation cost, and can significantly improve the monitoring efficiency on the premise of
ensuring the monitoring accuracy of the operating state of multiple wind turbines.

Keywords: wind turbine; condition monitor; balanced distribution adaptive transfer learning;

sequential probability ratio test; gated recurrent unit
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