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Ultra-short-term wind power forecasting method based on a cross LOF preprocessing
algorithm and an attention mechanism
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(1. Wind Power Research Center, Shanghai Jiao Tong University, Shanghai 200240, China;
2. School of Information Science and Technology, Donghua University, Shanghai 201620, China)

Abstract: The quality of wind power sample data and the structure of a wind power prediction model directly affect the
accuracy of wind power prediction. A high-precision ultra-short-term wind power prediction method combining cross
Local Outlier Factor (LOF) and an attention mechanism is proposed. Outlier detection is of wind power data at minute
level by a cross LOF algorithm. This effectively improves the quality of sample data to avoid the loss of data
characteristics caused by a fixed length vector in the encoding and decoding process of the Long Short Term Memory
(LSTM) algorithm. An attention mechanism is added, so that the characteristics of historical data can be used more
effectively to improve the accuracy of wind power prediction. Finally, the feasibility and accuracy of the method proposed
are verified by the experimental analysis of real wind field measured data.

This work is supported by National Natural Science Foundation of China (No. 51677117) and Key Research and
Development Program of Shandong Province (No. 2019JZZY020804).
Key words: wind power prediction; local outlier factor; data preprocessing; attention mechanism

0 318

AR IRBE T A 5 e ELA9] UFR I 5 L RITER K
Ha, SRR IR AT RS R R RS ok . B
RGN %R IBAT 7 2 SCLRE R 1 SEm T, E
WRE 13 AP RIS R, HA BENLYE . Besh k.
ALERPE S AR i B0 SRR 2 2 TR 7 i

HEWMB: BRARAEEETB G1677117) ; LEEET L
FF R 4+ R F 85 (2019JZ2Y020804)

A LIRS RUBE B30 XURR D A g AT HE R TN, A
T K 5 e AR e R BERE T 5 R O TR I TBL
A R it R B A R TR VR R B
FERATRINE TN AR 15 min 2 4 h Py R
71, AT AR Bhif E A B R LR 2, SEEE
ESEEVAR S

LTI ) T3 VR H oy =2 HLETE . %
3 SRS T AN 2 (R AH OGP TR B, LT, E
IRAEUAR S5 B PFEFIRE S B, il
SRABARLEIETTREAN R THL A Th 2 i 2 0 5 XL



TR, 5

25 A SR 8 e i DAL A R WL ) e RS X P D 3 0 7 - 93 -

i The% . SCRR[6] 24T B MLAR FEELR 23 T 5 B X
YIRS B AT A TR . e T K S
{E S TR T L A ) XU LB, [RS8
FARZ AL e BRIBME R, Wi, Hh3rss U,
FE IR BN TR IE L 7047 I3 SRR AN SR Sl S K
5 R IR 2 ] JELR P O 2R B H ) R AR AL
IR . N TR B A 1 R D9 i B 3l (1) R
FEL TR0 S N BT 09 70 A G 1) 50 B 3 T 5 3
PR N RN EVESE, SCHR[S]IE K
RZERIES /N SRR E ARG S, e
JAFRL T 2R FIINRE 2 4 v o A% 0 ) HHs DX 50 Pt e
Tt g ST R T Iy SR PR AR 2 M DG FR ke I S T AR
T, W Bl AT TR SRS v f 2 A Dy A 2 ) A )
RN T IRAEMIB AR T XU TR & — N SR
I 18] 7 471 i) 8. A0 3 25 X 4% (Recurrent Neural
Network, RNN)=5 & i 8] 57 51 f sf 1B AH 44, A AT
LRI DT 2B B . SCHR[9]48 H LSTM &iEXT RNN
AT B A AT 508, R RNIN SRR 38 ARF
FITEIR, RSt RNN I ZRid B2 A R R ¥ e Fl
Pofs FEE e I fBE, ] D B s ) R B0 2 80 A
SCHR[LOVHS 7B 9 265 155 5 AR (0] IR 28 AH 25 A DL
TRMIAE FE o SCHR[LL]R A1 2R X 25 5 AR A5 X0 i A &5
A T i T R o 2 TR A S P TR0 25 FE K37
(PR3 IR 200 TN RS B EAT A4k, A SCHR[12)8F 72
A7 BRI 25 A AR R 1) B 5 5 5 PO R R S

FHE IR BT (RS FE AN I T T AE S, i
BT R 0 B an s o o o R T R SR 4
SR = o R SR AR AR R, A3 A U Tk
BT AT DA B A o A, B R S SR TR A A
AR B, s AR, K2 EUE 0 N e
M, AR R 20 B 2 (PR I TI ,  RUE B A
W BENLIENGSE, BRAGHEHE AN S 57 1) e X
TR R R B S k. GBIT 18710-2002 FrExt %
PRI R PR T R, (E AR HALE T/
IS} % B SR v D40, 17 x40 b 20 1 Xl B8 I
TGgi—hatfE. Rk, EEXF o Bh g n A EdE, mT e
IS G A B AT R N S 2 R R IR
FME TR R B g TP /g deng B8, Rt
— AR AT T, (ISR KU AR AR
W, BENLIEIRSE, Rral2& e gt A s, L
T SR TR ) E A, AR IR 2 8 3 S0 K
PSR 1 25, AR ME I TIX 2 7V 2L BRI A e
EREBAT— B TR E A,

ARSI — Tl 628 R iR R T AEE )
B R DR IR 73 o S RHREA BB e 0, %
FERA] . RE 5 R TR (] 5iAE SR, $ H AC G

IE LOF S92 10 20 FRUBE X F 50 A 6 SRS 5 Xt 0
RS HE, B RERIERE, BT
ANFIFRII 18] fi 2 BEAN R, 454 LSTM 5%
B AR HCR I 8] RUBE i Se e i) A R8RS
M e TR RS 13 s deJim s SR A X7 s
WEE, BAIE TR AT RS AR .

1 FEXNEBEEETHEZREHIER
SIS

GBI/T 18710-2002 Ay Xt X HL Ak i Bt 4T 1
e, B K CEEE TR, MBS A
BHHEAT FIWT, RS H L ) S A AR A AR
A BEVEARTIC 0 )  ELFE Y BRI 50 A A AR 56 DA K
FHSNERG B o (EIZ AR AEET R ) A& /N 2% 14 X LS
T e KR, RS br it THRE, AAe
RN BRAE R . e AR EIEBENLIE . BBt
K, BRGRAHIEARE, ToIE e AR Lk 3
H5EBVERE, PIASC it 5o g Ar £
PRI o

RS S R R AR E, i Ed R
RO R ZE . B i, MEIEIR . Ml 2gd
5o IXELRARI AR MR — AR B AR B i AT R
VIR 2 LR R, M DK S s I e AL 30 5
KA1 E SN S BT X 4, RS R ik
PG~ AT 6 0 BRAH M I 45 A28 SR S R T
1) 22 JRPEE 504 00 Ak 22 SR S R S ok 6 S
1.1 BRSERFELRE

JE S R EE M H R TR R
— AN BERHE, X MEFRAZ B AR R 5 B R
P B REs, 48 SR B BT 51z 50 % A
BRI R R A0 AR L, 2 RIS AR . R AR
ANFRR A P R R 58 AR IRFE, 8 HAh
A3 PR FL AT Gk P T S RN o G B
MER AR H A= X B8, B35 LOF 1 =21k
AR, BN R AN RS E S, 1l LOF
AELARR (1) B340 X 0t L AR 3 R K 2 A — 2 8k
i o

A M A—DNEHEE, o p. q N M il —1LL
B %R . B %D (o, p)A o. p [AIFAIRE S,
T g WG B, BT SR 4R MR (R X
% o ) LOF [HH IR R

(1) i+5 o 1) k-HE

TE X o [ K-BE B N B E M A R o i i i
F kA EE o SRR, 2N Dk(0).

7 0 1 k-EE 2552 o.p [HIEE S, BRI Di(0)=D (o,



.94 - ®hEREY BEH

p), UL A2
ZE/DFEKANITS p e M \{o}, i 2: D(o, p')
<D(o,p);
EEZAFAE k-1 DX R p'eM\{o}, TiiL:
D(o, p") < D(o, p) -
(2) 548 o 1y k—FR LI
E X o ) k—FREARIRAROEIAE S o KEE

EBANTET o M k-BEEEENRES, EN
N(0). Hf
N, (0) ={q € M \{o}/ D(0, q)dDk(0)} )
(3) THEEE k Ak

5 S q B o [ K ATIAEEBN 0. q [AEEESAN g
[y k—BE S P BRE, 124 Re(o,q), BT
R, (0,0) = max{D, (a), D(0,q)} )
(4) PSRBT IA B
5E X 0 [T A o BRIk BE BT
IS, 18R p, (o), HHEARIRE)FR.

_EL%@&@MWA
Pk (O) [ |Nk (0)
ﬁ¢,md@U9m%wﬁ%%ﬁW%ﬁﬁﬁ%4ﬁo
P (0) KB/, o o HIE DM/, R o
AU, RO AT RE R B S RZ MR
(5) TH5 o M RER B HUR T
S0 R R — AN B X G 1 A2 A
R B BUS LR, 1N LOFK(0), HHE AR :
Py(a)
quNK(O) pk(o)
N (o)
LOF (0) RAE )42 0 NESEL s AT REE . 45
LOF (o) B4z 1, AR o Y% & 55 413k Hh oAttt
G BB ERARARL, T o ri A B A0 P T P R AL 5
47 LOF (0)HB AT 1, M o s ABSHEUS I mTREM:
i A LOF(o)EE/NT 1, W o s ABSHLA
Al REMEUK .
1.2 BERXX LOF BiEM % RE B IR RS
KOE 5 NI Z 2 [BIAFAE— R A O, X
Ko WIZEHK. BT XIg M HS AN F], XA
Xt LI TR oA — e e DO, (] i) 25 18 3 AR [R] I
R, WAL RRE AN ], IR 2 i E AN A
PRI R T ZE 52 1200, R[] ARG, AN TR
KA RS A SN FE R EIIR, Xz

®3)

LOF, (0) = 4)

TR R R R BREE, JRERE, BRI REE
XU - Ty 2 7 A 50000 1 DB S R R AN E R Y o 15
RIAE B, 82 R RS B X - X T R
LOF BykAsiny,

ZEA DL ERIRETS, X B R, 1R
HEE A IGIER LOF &k )R X R4 56
Hmg . HMAERWE 1 Frs.

i 'ﬁlii}?.*i
l %
g ( Zuormmsne U
|
Y "
HERR "
| %o
, foom
||.J- ﬂ 5‘} ﬂ fﬁﬁﬁ H,E
7
v
e
|

¥
Lt e
i
v
SR

1 B RERERAES EZRIZEE

Fig. 1 Flow chart of multi-scale data preprocessing method
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Fig. 3 LSTM wind power prediction model with attention
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Fig. 5 Final results of data inspection
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