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Wind turbine fault detection based on mutual information auto-encoding
of SCADA data correlation

LIU Xiao-feng', SHI Chang-zhen, YAN Rui, BO Lin
(College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China)

Abstract: Owing that the monitoring variables of the wind turbine supervisory control and data acquisition (SCADA)
system are highly correlated and coupled, a wind turbine fault detection method is proposed based on multi-parameter
correlation coupling and mutual information auto-encoder. The correlation matrix of multidimensional time series is
established to describe the coupled relationship of SCADA data. The mutual information based variational auto-encoder
is proposed for the encoding-decoding reconstruction of the correlation matrix. The wind turbine health evaluation index is
constructed based on the reconstruction error of the correlation matrix, and then the early fault threshold is set through the
update iteration of the exponential weighted moving average model. The proposed method is verified using the SCADA
monitoring data of wind turbines in two wind farms. The results show that this method can effectively mine the internal
correlation coupling information of SCADA multivariable time series, which can effectively improve the accuracy of
wind turbine anomaly detection and the robustness to environmental interferences.

Keywords: multiple parameters correlation coupling; variational auto-encoder; maximum mutual information; health
index construction; fault detection of wind turbine
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BEAT T 04, I SCADA R G 17 S 306 WT 9738
KRG R IAEIEAT 7. RS8R
1K 28t 2 A O 1 B R Sk A 8 — A B ]
J7 B A TRASE 2R e = %k AN S 78 PR A EL 52 0 O
RN I8, R 5 2 B R TUREH . =R

ESIPRERSS /S i AT

H1 3R 4347 1] %0, 1 SCADA #4% (1) WT i
A 77 92, FAS DRGSR v AR — U7 T Bk T SCADA
Bl 25 5 WOR S AE B A R EL, 55 — T T B T
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5 RGN BRI AR AR . B, X WT & 8450
PerEgR, W A2, WS ERE X RERN
FF R, A SCHR H—Fh B T SCADA 2 & KK H.AF &
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A BT FI kAT X 3R 4, SR 5 $x BB X (2) X X (4)
Y (i) FEAS DX A ) n AN EE mdiAT 2 X s
TG, 153 B RN X IR A X (4) A1 Y (4) ()R B
Px ., (i) F Py, (¢), 4k i o1 5090 & 0 B 7 22 iR 8

Fyy (,n) = % S AKX~ 1 +i1-

Pxo(i))(Y[(v = D)n+1d] = Py, (i)}
®)
XA X Y ) R AR 1, KRB Fxy (v, n) 1972
{IEREEEI V&

1 N-—n ) 1/2
Foyn) = {5 2 IFxr@mP} 7 (6)
v=1

B P 3 o (t) BA KM S, W F,y(n) 5 n il
RFRR R Fpy(n) ~ nh Hh yEAALIS &, ]
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P 22, %55 LA 2K BRI
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SRy 5 A F 6] 50060 SF- 4 608 R AT A
BB WT (2 Bevrfli 4, B

1o .
HtZEER(t—H—l), (17)
M BE R L) IE#RES T H P80 AT K 7R N Huormal
={H,,Hs,...,H}.

step2: 4T H HUEBE T 50 55 10 230 25 3 8 4
B0k, 7E WT s ATt #2 v, H $8 80 Ba I 8] 3 2522 4k,
CIEW HARE JFAE— MR HPIRES, T2 =k T
DL E DL R AH S PR 28 1) 38 A0 AS W B8 B IR A BRIk, %oF
T WT g S5 5 1 20 BBl 95 T 2 i PR A8 (1) 1E 5 Jk 1
. HT H P A3 B R et 3k, A SR H
F8 H N AL #% 51 °F- %) (exponentially weighted moving-
average, EWMA) # UT X5F Hyona W) H P 5133647
e s]

t—1
Hy =AY (1= AV Hy_j+ (1= \)'Hy,
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t=1,2,...,1. (18)

b X B AR AP X B BN 5 ) LA T B e
WEZH.
step3: N T ARk H 751 BN SR, BA
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N
Htuf: {Ht—ﬁm H,; >ﬁt§ (19)
0, otherwise.
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() 28, W LA 2 5] R 3 A A o, ATHEAR

RBCV,y,. 856 HFH WSS ¢ 520 1 7500
18, H Fr 5 ¢ I 200 1) sk B 4 9

Ft = ﬁt + Qg + Cth + (0778 + CVt2. (20)

step 4: X 4 1 RS & IR BE G es S

ZR0F (1 MIVAE B0, 15 21 JRAG AR 5 X 2% Gog 5 ELH

B G oo [T Z FAH
Rtest - ||Gtest - étest”i"- (21)

5 20 (17) FEAT W8 3738 J5 153 3] Grese AR WT {2
FRVFANHEEL H e

step5: M Heye < Fy W, BN IE 5, B % 50
M He ENE L + 1NER HEMANES Huoma,
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o Hy Hegy RZ,H, > Fp, WUHWN 575 %
FME g 1F 3% IR I 0] 1 15 % H A NS
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Hy, Hiy ).

step 6: K H) . BESLHT ) EWMA B A8Y 11 5
A5 AN B ) T PR 5 o o] L, 3 77 6 57 WT Ak 1)
f@ B3 2k, Baseline = {F}}7%, Tho NN ZEHFEA 50
WA RKE.
3 SEIESHIE
3.1 BUEHEA

N T SRR A SCFT R 7 VAR WT B s ) Hh i A
ROk, Ok B F R — G 2 MW XU WT (G 5
J9#1) ) SCADA F 4 i W B4 d: AT 43 #, H 515 4
e e R I D7 VR HEAT A5 R EL AL WT DTN RS
AT HXGHE 73 59 4 m /s 7125 m /s, SCADA %3 KAt
2N 1 sample/s. g P AR M 75 H50H08 AR 2% $i 4 52,
HU SCADA 04 (1) 10 min P ¥ #E47 43 B, KU HLLL
SCADA % %t 2 i thi Wl £ 45 60, 25 22 2HL N [ e 41, A i
R 1) 16 MRS S H LR A A A B A0 EE # 55 3t
TH 64 FORE S EHIR. v 7k it 2 S 30 R AR
RIS b KOTSRS F 3R 1 P R s = & i
1T RIAA A 14

HHE#IWT £ 2014 45 11 10 H ~20144E 12 H
25 H 18] X A T 4m/s & 25 m/s [ SCADA ¥,
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SCADA R4 /R #IWTE20144E 11 H 10 H ~2014
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