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Fig.1 Diagram of wind power anomaly of wind turbine
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Fig.2 The flow chart of cleaning abnormal data
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Fig.4 Schematic diagram of wind power interval
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Fig.5 Wind speed—power scatter plot on level of original

10 minutes
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Fig.9 Wind speed—power scatter plot after cleaning anomaly
by QM
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Table 1 The results of cleaning anomaly by MADM,QM,
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Fig.13 Wind speed—power scatter plot after cleaning anomaly
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Table 2 The results of cleaning anomaly by MADM, QM,
DBSCAN and MADM-QM

ERAWRES Spearman A1 R %L HyEE T E]/s
MADM 0.9929 0.610 1
QM 0.9870 0.9222
DBSCAN 0.934 2 37.8527
MADM-QM 0.995 6 1.016 5

H13¢ 2 ATA1. FEiZ2 47 8] J5 i, MADM-QM
I £ DBSCAN, {HBE 18 T MADM Fil QM; 7E 4%
PR VRO T T, MADM-QM 9375 VR0 SR g A1 T
HAh 3 Fhorik,

K 14,15 505 23 QM A1 DBSCAN 35 1
Je X - D B

& 12~15 AT AT XK 0~3 m/s B, 4 Ff

2000
1500

% 1000

FAW

500

0

0 5 10 15 20 25
K id/m-s™

B 14 23 QM FikEHNE-THEH=E
Fig.14 Wind speed—power scatter plot after cleaning anomaly

by QM

.343 -



T RERETR

2000 —
1500
=
-
5 1000
R
500
0 -
0 5 10 15 20 25
K /m-s™!

15 £33 DBSCAN Fit /R XUE-Th 8 = E
Fig.15 Wind speed—power scatter plot after cleaning anomaly

by DBSCAN

SR VRSO BT 5 Y 3~11 m/s
iF, MADM, QM , DBSCAN HEAT 54 1 vk Jm i A7 1
D) b, e K5 H G, H DBSCAN Bk ANGEA
RO a K H B, W MADM-QM %t a,b,c 3
F S BHE TH TR R AR Y ECs 11~
25 m/s B}, DBSCAN #KIA AN BETE Ve a 5577 4L
P, X 4 FhOTEERT b, o ZE 0 B0 A0 R
HAT RAFROR

2 1,2 WSS UE ST LRI, AR
FHAth 3 R0, 2R FH MADM-QM J5 7] LLA 3L
TUN IR R H AR E Mg ek 1 SCADA R IR

6 AU - ) S v ) S R E . B, R

MADM-QM J7 7% XU - Dy R A A T e B A
SR AT,
4 g

ASCHRE T —Fols MADM 5 QM AHZ5 4 1)
T2 S H BRI U v, R FH B S B X
Ynia i s E SCADA $dl I, 158 IR 458,

(DMADM-QM 771 RE g X XU ATLZH R - Ty
BRI 1) SR B AT AR ORI A
R, B2 B0 T X L 5 B A 2 ]
1119,

@ M % F QM,MADM,DBSCAN J5 ¥ |
MADM-QM 5 XU F HLZH XU — 2y S 5 45 v i) 5+
AR 0 BE BT R A

@ 7E W Yk &L % J7 1 ,MADM —QM Jr5 ¥ It
DBSCAN Jrik i, #28TF QM,MADM W Ff J5
o
B3 Sk

[1] Dai J C,Liu D S,Wen L,et al.Research on power
coefficient of wind turbines based on SCADA datalJ].

- 344 -

2025,43(3)

Renewable Energy,2016,86:206-215.

[2] Liang G Y,Su Y H,Wu X Y,et al.Abnormal data
cleaning for wind turbines by image segmentation based
on active shape model and class uncertainty [J].
Renewable Energy,2023,216.118965.

(3] ik, R , SRR Ak T IR AE 24 64 XU AL ZE S
BRI SR [T). R AL T AR 224, 2017,37(S1)
144-151.

[4] ZERWI, 5732 ZRARR 5 K0 R LA R 2 W 5 IR
AT AT RE)] AL R G A Bk, 2021,45(4)
180-191.

(5] SZEEMESETHARZ I8 XU K U ALZE R e A SR 12
W RS FE[D]. =M 2 B TR, 2012.

[6] i gk, AR AR AR A2 48 B LE XU & HAL
S Wb B R T S RESE]. A Sk S AR,
2018(2):13-15.

[7] Xiao Z,Zhao Q C,Yang X B, et al.A power performance
online assessment method of a wind turbine based on
the probabilistic area metric [J].Applied Sciences,
2020,10(9):3268.

[8] Zhan J,Wang R L,Yi L Z,et al.Health assessment
methods for wind turbines based on power prediction
and mahalanobis distance [J].International Journal of
Pattern Recognition & Artificial Intelligence,2019,33
(2).17.

[9] Zhang F,Wen Z J,Liu D S,et al.Calculation and
analysis of wind turbine health monitoring indicators
based on the relationships with SCADA data[J].Applied
Sciences, 2020,10(1) :410.

[10] Wang J Z,An Y N,Li Z W,et al.A novel combined

forecasting model based on neural networks,deep

learning approaches, and multi —objective optimization
for short —term wind speed forecasting [J].Energy,

2022,251:123960.

EARTE NI A HLE AR A5 A AL B 5T [D]. 78 L

1. IR, 2017

Schlechtingen M,Santos I F,Achiche S.Using data —

mining approaches for wind turbine power curve

—_—
Ju—
—

—_—

[2

—_—

monitoring; A comparative study [J]IEEE Transactions
on Sustainable Energy,2013,4(3).671-679.

[13] AAf 5, Wbk, AT, A XU 374 H 20 236 S 5080
PUIN 5 BRI OFFE ). B RGO 545, 2015,
43(3):38-45.

[14] Kusiak A,Zheng H Y,Song Z.Models for monitoring
wind farm power—science direct [J].Renewable Energy,

2009,34(3) :583-590.



BEFE,%E AT MADM-QM & R AU R o 5 5 KB A28 7 ik

[15] Zhu A F,Xiao Z,Zhao Q C.Power data preprocessing
method of mountain wind farm based on POT-DBSCAN
[J]-Energy Engineering,2021,118(3):549-563.

[16] FLYERE:, AMEMS , T4, 25 56F DBSCAN H ALY
SRR VL STIURE SR, 2021, 11(10)
2517-2528.

[17] Liang G Y,Su Y H,Chen F,et al.Wind power curve
data cleaning by image thresholding based on class
uncertainty and shape dissimilarity[J].IEEE Transactions
on Sustainable Energy,2021,12(2).1383-1393.

(18] ZBMSE, B AL Tam 47 8 00 XU A AL ZE AR b XL 1] 38 5
R S Am AT T E )] R BH AB 41k ,2020,41(6) . 77-
85.

[19] 295, Bk, VEME, 55 T XL L IrAh
SCADA Hfii it a] 5 KA 5[] - U, 2019(9) - 54~
56.

[20] B0, AT XRS5 KT S A I

B L AIE S (0. L T W BB £ R ,2021,40(7) 155~
61.

[21] Martin C M S,Lundquist J K,Clifton A,et al.Wind
turbine power production and annual energy production
depend on atmospheric stability and turbulence[J].Wind
Energy Science,2016,1(2):221-236.

[22] Shen X J,Fu X J,Zhou C C.A combined algorithm for
cleaning abnormal data of wind turbine power curve
based on change point grouping algorithm and quartile
algorithm [J].IEEE Transactions on Sustainable Energy,
2019,10(1).46-54.

[23] EHr, EBEE BT HGH bin B A XU L X # -2
TR VL] B RERH A S EOR 2441, 2020,2(1) : 62—
71.

[24] AL, XL, fal 1F 3C, 5.2 F QM-DBSCAN XL
TIHVBHREUETT i (J] 22N B TR 24241, 2021,47
(6):50-55.

Wind speed—power abnormal data processing method of wind
turbine based on MADM-QM

Mo Fengyuan', Wang Weihua**, Guo Qian’

(1.School of Mechanical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;

2.Laboratory Development and Management Centre, Suzhou City University, Suzhou 215104, China; 3.School of

Intelligent Manufacturing and Smart Transportation, Suzhou City University, Suzhou 215104, China)

Abstract: Aiming at the problem that there are a large number of horizontal or vertical

distribution outliers in the wind speed—power data collected by SCADA system when wind turbine

is in abnormal operation, an abnormal data processing method based on median absolute deviation

method (MADM) and quartile method

(QM) is proposed to solve it, namely MADM -QM

algorithm. Firstly, based on the relationship model of wind speed-pitch angle, the wind speed—

pitch angle data outside of +4.5 MAD are discarded by solving the median absolute deviation

(MAD) in the wind speed—pitch angle data set of the wind speed interval. Secondly, based on the

wind speed—power relationship model, the abnormal values in the wind speed—power data set of

the power interval are eliminated, and then the abnormal values in the wind speed—power data set

of the wind speed interval are eliminated to complete the abnormal data processing. Finally, the

actual operation data of wind turbine under complex working conditions of a wind farm are taken

as examples for verification, and comparison with MADM, QM and density —based spatial

clustering (DBSCAN) method. The results indicate that the proposed method can not only

effectively identify abnormal data but also efficiently and stably clean them. Compared with the

other three methods, to a certain extent, it proves that MADM-QM can achieve good efficiency of

abnormal data processing and optimal cleaning quality on the abnormal data.

Keywords: wind turbine; wind speed—power; data cleaning; MADM-QM; SCADA data
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