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Methods for elimination and reconstruction of abnormal power data in wind farms

ZHU Qianwen', YE Lin', ZHAO Yongning', LANG Yansheng’, SONG Xuri’
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: Electric power big data is an important resource for electric power development and comes from the
procedures of electricity production and energy utilization. Wind power operating data is the major part of electric power
big data. With the dramatic increase of wind power penetration, it is of great significance for wind farm operation, control
and integration research by collection, processing and analysis of real historical operating data from wind farms. However,
amounts of data collected from wind farms usually contain abnormal data, which have adverse impact on the study of
fluctuation characteristics of wind power, wind power prediction, etc. The main source of abnormal data existed in wind
farm historical operation data is analyzed and a model for eliminating abnormal data based on quartile method is
presented. In the cases of missing data, methods based on patterns of similarity between neighboring wind farms outputs
and multi-point cubic spline are used on the basis of historical data to reconstruct the discontinuous time series
respectively. The case study indicates that the presented models are efficient for eliminating abnormal data and
reconstructing missing data, which can be applied in practical engineering.
This work is supported by National Natural Science Foundation of China (No. 51477174 and No. 51077126).
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Fig. 1 Wind speed-power scatter box-plot of a wind farm

1.2 BRI 55RFEHENRESIE

S IES AT 30 SRR Z 73807058 LB
58 Bl I N IEZS 20 A A i $ ), ﬁkﬁﬁﬁ&ﬁﬁ
AR IEZS 200 o EAT AT (E B A
ABHE P BHEFIRREZE , Ty SRR HE 22 T
BN, FEEAEA G R AT EBORR, X
FERAEENBARZ T BE0.7%. WK, RIXH
TSR NI AR EZS A Bt (1057 H AR U3, Eﬁﬂ
PR AR AHL P 22 B SE S b it , AN
FOUBUE Bl I R € 1K) 0 A T 3 01%5X¢£&?%TF
AEAT BRI ESR, B RS HAH R B AR A
KI5 Jriil, 2 PP W e fEL A basfe LA DY
PAXVALEWSE S i P I R VA €S S R S BTV ETIN e e
25% 1 Eicdf ] LLAR A R T AN AR e sh DY 7
FrA DIARZ B UM HAE I A R LU W,
A PR

S ARBLAE vp BRI B R HO)
K I ANHER R 2 W B ik (A, R3S+ ﬁﬁﬁ
5 v-p B E R IIBEL O ARE R, A SCRISE T Y
3o S U TO [ A AR Sk X v 3 S i AT
PN S5 ER . H2 W H s UM A BR LR W .

(1) 2 RGN T UIA T v 1, KL LS
TS 00 BRILTE[0,vei] X 5] A BN B ot 67 T %A
s DR DD R AR TR, AT T 5 S AR
S H R AR B AT

(2) ZRGER T VI v H/NF DT HRGE ve
I, % B AL vp B0 P R RS
IDVAWERP R ] H 25 TN E PN SIPNE 2 EL R 66

RO IAEIEA KIEX A N o E[ve,veol X THI A, 7N T
ST 0 1 XU T 3B AR i e, RIDR L
HH 5 R S E T 3 R PR P T M AR 2R S A A
MR MeAh, N KT8 () Dh s R 0 Y
(1) R A e

(3) K A 1) DY 2357 320 A 1) 0 A 1) 43 B S
s SR

Mﬁ£@¢7uﬁ& FEREY wiﬁ%ME%
LR AN AEVE L 43 B 5 B0 05 DL R HERR
ﬁﬁ%,mﬁﬁﬁ%ﬁﬁﬁ@¢%E%ﬁﬁﬁﬁw
RN, KRR EETY, XL 5 Hd
MﬁfAFE%mm%%ﬁ%%%oﬁmﬂ%ﬁ@
I S AR A B . A, XA D)
DX JE] Y (I L 0.5 MW A (I BE BB [0, 50 MW]
() R T R4 A A1 100 S THER X TR]) % IV ()
PGHER AR A R DU A7 32, S i T JRGE H 4
LG WIRIF, FZAMIE o RO E s 45 Y B
[Fi, FnlCUEE DT

[F.F,]=[0,-15I0R , O, +1.5I0R] (1)

T ANTHFHBIRFEAR X=(x1x0, %), 30
T, 01 F1 Qs 73 AL REAS P A ) 58— DU 23 H AN 2
= VY5 % TIOR 43 VY43 47 g (InterQuartile Range) .

(4) K1) DY o7 2 B Ae L5 1 23 ek
T G R o

S REAN IR DX TR P (AT A 0.5 mv's: Jhp [A] B B4 K
[0, 20 m/s]HY KR D00 73 D HHAE ) 40 A Ui
DX TE] )0 . FR) D 2R B e A 5 R I DY vk, g 2y
FHAREA KT ER R 08 fl AR HIEL
5 B Ay 2 PRI DX T) A 390 B ) o et

2 HRRBIESEMTE

R I DY oA S I S o DU L5 5 B
SR BRI S W Bl (R A R BCR L, AEE B
(0K b AE S A AE RN K TR K, IXAEAR KRR
JEE _F 0k Bl 1 7e A B DA K Tl A I 18] e B 1) e 4
T BER, AM TR AR I, A7
SN S i S e I R DR R Bl AN ) e AT
BAT RN AL, APRAEAE S B i e A7 0 B (4 i
BN, BENSIIT L DR R I dn Al 2R 10 S8 4k LSS
Fe 3 A AT 2

K vp WO I DY 2 7 SE U0 5 S R
75 B0 BT TE2 1 1E 7 AR H ) Kl 22 17 AUHL Y
paling A< S 2 A < RN 7 /T B i b
AR D5 20 e R e s kAT TR



RIS, %

DL D S

A U 5 A AR - 41 -

2.1 EFXBIHYHHEXEERTE
2.1.1 KL

Wi ) R G bk T A B far 2R B HH G2 AT IR S P
Ah, LE RN A AR S TR . RIS B
55 ) R A8 [ B Pk PR, AR A A A A P
U, S N A Hi A B I A AR X LI [R]— IS 20 F
IR AN P()(=1,2,,N), MW, &NRELI
(K R BRI EE 2 oA X(0)(@=1,2, -+,
N), HKXRN

x@:ﬁ@ (2)

ZP,-@)

DLFR I BE B2 10 km (5 AN I A 37 A
B Afl, K240 TREE A, B KA R T
UL D5 BT R A i ) a2,
[ [AIR% R 15 mine XJLUAF#TPTELE H, A B A
K a AT RO AR I B b BARTE— R
Z AN L 37 gt D) Ze Bk, I AR
R IR i T s P (E PR S e B vl o BT ¥ 3
ZRAFARALL, KGE R AR RE AR T, PR AN X
FoL 37 (1) i HH ) 2R AR A i 34 DL R BT oy e D) 28 1) LU AEL
FRARE . BAR BT RO 5
AEPE S XCEIZ LA Gy R AE VTR 22 HE DA R 57
KR 22 57 55 P BUAE A [R) i B LA A =2 31—
TR BB, (HXHL AL B S TR b BTl 2
FEAR > I FEAYERRAE 0.6 A 0.4 LAy, AT XU
W AR AN, AR E .

[— 17,
40 WigAL-—-
g LN = N
= 30 hal AR ya )
§ S v VI AT
£ A AR ALV
= 10 i

0

0:00 02:45 05:45 08:45 11:45 14:45 17:45 20:45 23:45
£, ]
M L
= —_‘W;xuumr ———————— E
=
w 08 A |----;;ou/713 """"" ]
I A A
5 OO e N YN ,
_T 0.4k AR LTI TSAY ANNA S Y . e [N
= 0.2
A
X 0:00 02:45 05:45 08:45 11:45 14:45 17:45 20:45 23:45

i [i1)
2 WA ImIE R R I T 2R 5 LU E R 8] 75 E
Fig. 2 Time series plots of wind power and its
ratios of 2 adjacent wind farms

R T A B A KL a2 A&

i Y Dh A S D) R B AE — RN BB &, Bsh%
RSN

F = Pmax _Pmin (3)

min

K FRRWENR Poo o RN INTR A
KA, MW P 87— KNI TR P81 (¥ 8 /ME
MW,

2 1A, d A B AR X i
ATAFAE— RS R, B A A AT A BT
Ay By A LA I T) s 1) B J5 By 26 1) ] 51 5 2
Rk, PRI B B FREIE o T AT 30 B XU
W S E Y LEAEA T O, e A XU ) B
H Dl SR A Ay FAL UL 37 (R B )

R 1 WX EIRE LI R R HLERN B RREER

Table 1 Intra-day volatilities of wind power and its

ratios of 2 adjacent wind farms
Rl A R B
Py Xa Py Xb
2.87 0.56 4.55 1.10

2.1.2 e R A (R EE AL v

BB R BT AE I BOR [+ 1L+, FRREE R R
i A DL HoHh A B s T 1) A B A5 ¢ I %)
[ H 350 508 Po(£)~ Po() o BUHS X HLIZLE [1- M1 I B
PY R T 2R 7 S A TR, T s Q) VA A
KR A AR SRS 58 H ) I B [-Mi] 3 AL
& S DRt e, 15 20 )5 s b fE 7 5
Xi(O)(t=i-M,*+ i) KH Box-Jenkins 4% /77, FIH
AIC #E)(Akaike Information Criterion)!"™ %} HtAH 5
¥ X(O)EH, *T ARMA(p,g)BiR, o AIC ¥4
Fabroe Lh

Luc(p,q) =nIn & (p,q) +2(p+9q) (4)

K1 InG2(p,q) EBIA ARMA(p.g) AL 15 22
T7 255 n AFEAREAR AL .

I 7E 3wl b T A (R B ST ) A
ARMA (p,q)%F KL A 7E B R B0 B [i+1, i+N] X
LT I (0 AR (o) AT 3, Ept)

P q
Xt _z¢iXt—i =& _zejgt—j’
i=1 =

g, ~N(0,0))
A X ONITEFES], 31X BOE LUET A Xa(n): p F
q%ﬁ@%ﬁ@ﬁ%ﬁﬁﬁﬂ%ﬁ%ﬁ:@ﬁ@ﬁ

)

P
FEDA BRI TR REG Y 6,X, |, H A

i=1
q
AR, BN S AMMEI AL D 06, +6, 0
j=0
FBEF PSR ST MAs NARRIES M

MRS A ZEB BB+ 1L,+N T Lk
A



_42- CE R R R EEL

X, (@)
&@—;}ES
KL A SR B B [+ 1L+ NI D Py(6)3E 1T
A T AL B (1% Py(f) HH2(6) 34T FE A
HAIEBIZ 7 e A RO Bl B A T A,

L J 3 3 X Ty S PR B AR, R D 2R I ) 471 v
P — BEAE H T [R) P K BB B0 10 SR i s A
PUBAE R L, 30K 5l ARMA B RIE T
JAFL 3 2 1) H A PR AR S0 A i 3 A T EE A

K () (6)

DRI A 514y $E %4 15 min, JIT4345 SLI0 35 5 4
R ZE(E WA 3 iR
30 T T —
E 20 //
@15 v
g\' 10
5 —
S~ ]
01 2 3 4 5 6 7

I/ (15 min)

3 FMAZENEY ARMA EHGIRE
Fig. 3 Reconstruction errors of ARMA based on
two different methods

B 3 A%, SRAIEE T XU 2 Ta) ek
RO BB AT FA, s 78 20 A I 0 XU 3 512
A LA SO L 2 TR AU, R B A i 3 XL
HL LI 2R (R I AR
2.2 BT o = XM&BEENAE

“IRFE4%(Cubic Spline)dfifEl 77 15 FU{HE 4 A1 2
WA I N R TV, R e v IR e I 2
L R I BA 11 93 B AR A 7 12021

WAL S(x) e C*a,b]» {E[a,b] LH—AKI5

Ata=xy<x <--<x,=b (7)

BAEREATIXTE] I=[x0,x](=1,2,- ,n) L # & =
RE I, WIFR S(o) &Rk TR A I — D =K%
B 37 = IRBE A BRI SQo)TETY 1 x4 52 s Bl
YAf)G=0,1,7+m), FFRAT

() =y, = 0L wen (8)

JUIFR S(x) A = IR BE A B 2L

AR S R = R A AV b 3 R A% A BR 2
S()C), é\M] = S"('xj)(j = 0:1:"':”) ’ EE%: S(X)E[xjrxj‘*'l]
RTINS (x) o Bk
PEIEZE PR

" Xig =X X=X,
S ()=
41 ok
b M ESEL hyn=xy0—x(=0,1,+++,n— 1) X}
FHEEL
(x;,, = %)’ Mo+ (x_jcj)3 M.+
oh., ' 6h, '
2

Mj+1 , X E [Xj s xj+1] (9)

J+l

S(x) =
Jj+l

N -

thrl 2 J+1 J 6 Jj+l

j+1
f;' _%Mjaxe[xjaxjﬂ]

-M, 1+  (10)

Ay f=80x)-
TERARAI T, BRITE

(2 A M, d,
H, 2 4 M, d,
SR N I E0))
:un72 2 ﬂ'n72 Mn72 dn72
L lunfl 2 __M -1 _dnfl
h, h,
X2 =—2 sy =——~ . d =6f[x,_x,-
vl

X1 G=12, 1),

X A 2R 5 a5 A L 1) 2850 SR I AN A AN e 1 e
B DX TR P g i B0, SR E R ) - L SR ) o 45
PE R TR0 55 . R AN S 18] 41
FIAME 32, S DA SN & 1 BRI 2K
FLo SR A ELIX )3 A2 45 NI 5 R 2 T ) B 4
H s (R B AR S, RIS ORUE T HORE IR 5 45 42
B R 2 e (e R TR AR A v, 1%
A AR AT AL o T I B0 EOGH AR Ry S K
VR JG 5 M AR, B R AR5 % M AN i LA
CANIOE- & /Ty O E G (EN =T AL 7 QRN O 8 a7 4
P FTAE X A [+ 1L+N], AP RIATESE ¢ R
W P % 5 = IRREARAE P A Ve =
DR SATEI R Al R IR AE S Rk N AN R
Bl BB AT — AN SO, R (E T
HR S = AT 7. e BBk 1000 4>
RURT XU Dl 23 ] i) e A e S ok 7 AN r (R
N=7), B X ) H[501,507], W2 = RkE 44
H A T R S8 P(504) A TR AE 5. 520
THAI R B 1 B4 3 5516 P(500), P(496), -,
P(504-4X M); P(508), P(511), -+, P(504+4X M)
PLE 2X M AN S T . Bl £ S =k
FE 4% i (5 T AG TF 552 5500 FH 21 1) B3040 TR B by 3% &8
BRBHR XA )2, ARSI T L B REFE B 5E K



RIS, %

JACH S 1 )y 25 S e ) B R i o - 43 -

S SAC NG AR
3 EbhlaHh

Shy BRI T A FH P S i 5 R0 O e
RIS E i aE M v, BAE
PN LI 11 7 S s AT 5 It et %, B R AT
[BIR% A 15 min,

3.1 BREHIFELH S5HBREKRGE

ASCULE R 2013 AE34E 1 KR 52
BATHE G G, TR R S AR R et
BRI T UUN . BIER, BEAEALEZ 30 000 N A
TR D50, B 1 AR IR GG vp L
ML, X R B 4 T 2T DY oA SR A
BRI G RN 4 Fron. v, GBI Z AR R
B IRTHL - TR HR ) U, 2o SR e A e S
T AR OB RN R o AR MR- T R A 4
PUNFERIE T 22.67%H1 %5 .

50

45
40

RELTH /MW
2

§ 10 12 % 16 18 20
K%/(m/s)
B4 EELRSIEXEIHXIE-T 5
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