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Fig.1 Comparison between actual measured wind speed-
power curve of single wind turbine and

standard power curve
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Fig.2 Framework of hybrid half-cloud model construction
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Fig.3 Recognition results of abnormal data for

wind turbine
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Fig.4 Schematic diagram of Gaussian fitting

process for waist sample
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based on hybrid half-cloud model

43 BEIRESH
431 BARELE

(DFRZEAE . B A 2 i B D7 2 D 71y HE
4] ,%X?ﬁ%¥£%$z§ﬁi%%E‘J%"A%ﬁ’l‘ﬁ%’m\z\fﬁ:

r =2 pL(i) = p.(0)] (12)

b pr (i) p,, (0) 53 3 RS § A TR 396 ) 2 A 1) B
s e [Ty Sl D3 AR

(DGR IR A2 2 Z1 i) U - T R
WO AIEFREL, 51 ATLE LB 5 -

5 x 100 % (13)
Z(pw(i) -p.)



@ L/ AR {7 G-

%4045

Horp p REARSS(E . AT AL 2 B, AR g 401
A LB LT
432 HEFRN I E

SO 4 iR 2% (MAE) OF-39 48 %5 2% [ 43
Ft (MAPE) Fl34 77 #i% 22 (RMSE) /F hy g 45 M B OF

rdeds
amfﬁﬂpeu)—ﬂu)\ (14)
i=1

BN LACR A0
R (VAGI VNG I

we= [y 2PO-POF (16)

1, 84052 Oyiaps ~ Ones 23 1 MAE . MAPE 1 RMSE;
P (i) P, (i) 5390 R 55 i A BEAURR AR B S DR AR
433 R EHH

RS AR SO RN FE, FR B AR R B B AN [ T
B T SR 15 2 AN e A TR 2R AT

Y 1o ARG S50 B8, 5 B A 500 #4 ik gt
FRREAS X} fe KAE T GIE A 1) | K-means 2281k
(e WAL 2) TR 1k e AR 3) (AR SOy ik
(GE ML 4) AT X EE o

e 2 5 B 5 Bl s e AR A N 2 Ak B
Je B EEAS B RE A, X fe KA L (G M EALS) |
K-means Bk GO WAL 6) L m il -G Ge AR Al
7) ARSI (GE AR 8) FEAT X H o AR SCHE 6
FREEIEHEES A, A R BRI AR X

(DEHEREESUANERR., RIAHT
AN TR AR 1 B X H 5 SR, S B S i O L G —
Ty ZE 8 i o Ak T v, I R B R 9 5k 25 (R
156.07 kW, #0-& 102 1y 99.12 % , Hrh 5k 25 (8 R 4
P27 FiT iR 22 MR T 65.9 % , (30 S5 B30 15 vk Y
WA 5 A A TR TR 5—7 , A SRS TR f % 22 18 43 1)
WD T 2768.77.298.48 .236.57 kW, L& 10 43
T 6.71%.6.09%.2.17 %, 45 1 M T 3 Fhif
(H LS DR 2R TR A2 2 A B BEHILEL S 5 52
HE MG A PLA RO AT

*®1 FEEHZEESHARELL

Table 1 Comparison of residuals and goodness fitting

x 100 % (15)

among different models

TR BREM / kW UAIE /%

1 5261.93 86.65
2 761.97 88.99

5k 5
LBULE 3 638.69 88.80
4 457.64 96.31
5 2924.84 92.41
A 6 45455 93.03

k3

Bk 7 392.64 96.95
8 156.07 99.12

(2) L ABEEAIEREP MR . A BIRIRZE AL 2.

R2 AREBEEIRE
Table 2 Modeling errors of different models

*ﬁﬂ 5M—\E / kW SMAI‘R / % 8RMSR / %

I 20.46 1.35 21.42

A 2 164.78 11.42 33.15
s

LIS 3 9.75 1.29 20.91

4 5.28 0.82 10.09

5 18.47 1.22 18.89

: 6 11.59 1.01 12.28

s
FAESE 7 7.06 0.86 12.02
8 2.15 0.39 7.16

M2 0] DLk L, AL FE S TR A 2F = A Y
MAE MAPE . RMSE % H4x 3 5 1k 43 0 ~F- 2 B A%
T 10.2 kW .0.64 % . 7.24 % , F A5 15 92 FL A S i P I
KAHE K-means B Sl G 7 R A2 Al
A9 I A9 R 358 i
44 REBINERMES MO

TESZI XUE T, 1375 2 o AS [R) AR 80 A g XL
DIRAFRA A UE 6 7R o i T A RO H 5 A 7Y
R 53 A 1) 25 5, 4 VT 4 Fh 5 vk 5 5290
TP OC R, A5 R N 3 R .

0.05 1 S AR A A

0
0.10

Bidl
0.05 t B 5
0

0.10
0.05

0
0.10
0.05

0
0.05

200 400 600 800
% / kW
Blo AREETHREBINRMNZESH
Fig.6 Wind power frequency distribution of
different models

R3 RIMEHESHEXME
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Wind speed-power curve modeling method based on hybrid half-cloud model
YANG Mao',ZHANG Luobin',CUI Yang',YANG Qiongqiong’, HUANG Binyang’
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University,Jilin 132012, China;
2. Baoji Power Supply Company of State Grid Shaanxi Electric Power Company,Baoji 721004, China;

3. Maintenance Branch of State Grid Chongqing Electric Power Supply Company,Chongqing 400039, China)
Abstract: Accurate wind speed-power curve modeling is one of the key basics for situation assessment of
wind turbine output and wind power forecasting. Considering the uncertainty of wind power mapping rela-
tionship and the distribution pattern of power curve,a modeling strategy based on HHC (Hybrid Half-Cloud
model) is proposed for mining and modeling of the inherent and random distribution characteristics of
wind power data. The OSCE(Optimal Segmentation Cloud Entropy) algorithm is introduced to eliminate the
abnormal data quickly and effectively. The backward cloud generator is adopted to obtain the digital cha-
racteristics of expectation, entropy and hyper-entropy for quantify the uncertainty of wind speed-power rela-
tionship,and a semi-cloud model of waist data is constructed. The power cloud droplets of waist and upper
data are calculated by X condition cloud generator and forward cloud generator respectively,and the trans-
formation from the qualitative features to quantitative data is realized. Taking the measured data of a large
scale wind farm in Northeast China as an example, HHC is analyzed from the perspectives of data quality,
frequency distribution and wind power forecasting,which verifies the feasibility of the proposed method.

Key words:hybrid half-cloud model;wind speed-power curve; X condition cloud generator;optimal segmenta-

tion cloud entropy algorithm ;uncertainty forecasting
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Table A 1 Fitting parameters of waist sample
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Table A2 Waist parameters of hybrid half-cloud model
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Table B3 Comparison of wind power uncertainty prediction errors
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R US 91.67 40.91
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