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ABSTRACT: It is of increasing importance to predict wind
speed in times of wind energy widely utilized. This paper
proposed a new wind speed prediction model based on random
process, taking autocorrelation of raw data into consideration.
Concept of random process was introduced in this model in
parallel with traditional probability model. This model took
wind speed at every moment as a random variable and utilized
multidimensional distribution function of random process to
describe wind changing process. In order to feature wind’s time
autocorrelation, this paper introduced continuous Markov chain
model and solved Markov chain state transfer function based
on random process model to characterize evolution law of wind
speeds between adjacent times. Simulation shows that the
model can better simulate wind speed distribution and predict

wind speed with higher confidence level.
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Fig.1 Schematic diagram of normal transformation




532 ] BEAE

ST REALIE L B AH SN 1 KOG TS 73 #r

Vol. 41 No. 2

ZRPERE, BAREXA8) MK (19)K M

» Wi (k-1 T:ut—(k—l)
M=yt Yo X X X (18)
W, — H,
o’ = X —Xn Xlﬂl XXz (19)

PR BE LI AR W, 1) & ~ B e Sy IR B AR Y
s B 5 RN

1 7(W/+I ﬂu)z

2 (20)

f(wt+1 |Wt>"'>wt—(k—1)) :Ee

SR 281 IR EAT S AR 45 FT 45 31 IR 46 3
ARV, B S /RBERBER A
V,=F (@) 21

4 3+ B XM KGR FUNRE 55 HrEy B
T

PR LT b7, BT REAL R B AH R
SR TR ASE Y 1) EL A ok FE R R

D T IEAS KL FERg o b5 IR,
A FEAL PRI A4 2 IE A

O Je il L4 15 115 3 R 4G KGR 50
GV, 1) SRR AT R ELF () o

@FIH CDF AN Z IR 4% V, 34748 e,
320,11 A I FHIU, -

@FIH AR RLEFH U, 347 IEEAR
P33 AR MARE IEZS 73 A0 1 KO IS A2 751 W,

2) MR T R BRI B R AR S X TE I R 1R 1Y)
HISRREO), PR A1 B 2 ) 51

ORYE W, %0 2 A% 0 A6, P AL &
W, W) WIRILEME, AWHEAE (W], w))

@A 2 3 (15)~20), R A IE e Frik =4 T
— B ZIPPIRAS wi,,

¥ W, AENCEIRES, BBV IR
N W, wh,) s BB AR15)~(20), e LT —
2R wi,, » FRCAERHE, BRI w(t=k+],
k+2,-,n), HATZ piTiill.

3) F A VB A 10 4 J5 15U 7 5
ORI G KGR RE T 51, AT T 2 i B 1] R
RN

5 TR NXE B KM TN SR S B B & N
i iy

T AT AR SR TN ARE AR [ R, B XS
& 25 B B /K BF K BE AR Y (discrete state Markov
chain model, DSMC)#4T 4341, HFFA ST 5
DSMC HAYAE 2 ST 3 A DG AR AR, I
Ui B A SC P SR AR T A & b XA L &R W] LOR $5

XFAEIE

JFUR R K B ARG, B RAF &N .
51 BHSRMXREBEXMESN

BBE {7 (0)} Dy ik 5 — JRGE 7 B R BE AL A,
FORE 2N T = (v, vy, v, FAEA BRAS ROEEE,
W H & ~ B DSMC 80 KRl

PV (t+D=v, [V()=vg, -,

VIt=(k=D1=v oy ]=P s (22)
XHF—Fr DSMC #i2, X @22)r &b A
Voo (k=1)>Vs-1>Vr v/: VsV =Ps,j(1) (23)

K P (1) ARES v, oy, [l — PR

TR B R ME 2 I 5 2 06 R 25 R I (8] 7] B
55, I ATAT CLA B mox m* YRR A B B
REUTL, T I — BB, FOIRA AL HFEC
P(l), HEATRERZAA 1, B

Z;Pij(l)zlai=1323'”am (24)
j=

Xt 2 R T L, O T W TUAR SR AR A 1
Jit, ERH n DB, Jegnth C-K rfE:

Bw+v) =3 PR, (i j=12  (25)

k=1
Sn=u+vu=lv=n—-1, A[H
P(n)= P()P(n—1) (26)
T AT
P(n)=P"(1) (27)
m1 30(24) Al %0
S P()<Li=12m (28)

AR [0 4 2T (1) R R IR RRAE AR 2 /N
T 1, # P(n) BEE n HJE KE T — A H R
P » BT P)=P(1), P = P(1), WAEZ
RN 5 R i Bl B R Z A BCOR . H
P (n)—> P, .. » VEWIZAERL A BEHLEE (K B AT

n—>0

KL URFF—E i ., (A5 EEEER AR,
52 EHDRBMXEBEBEEXMEST

R G e, iRE X(13) 82 )k 5%
SR RBRAAY AR % LR A, X (12) TR, %
A% P PR B 2 T — B %0 XU % o0 AT R B, 3L
MR 1, XT k~PriEd CSMC 8, HE%
B 2 .

LEBIEFEI (W W) 1B — B 2508
Wi FFHETIIEER S (W Wi 153wy,

{1y 156, 0)s ()5 (1,6} —2—
(H50,,)} B {(1256,2)} — {)

B2 k~FIEZS CSMC #ERURZS A
Fig.2 State transition diagram of normal CSMC model



Fa41E FE2M

B

HoOR 533

CABLIRHE, HAXEEERRMR N 1, JEABEE T
N0 V¥ T o ) S AT A 2R AR A, HLIEZASBENLIE FEAH
RSB IEBARGHR, W LTS 70 S SR 46 X
B E, HOES: IR B a] RS ) PR 15
JE e Kie (¥ B AR SRR

M EL ARl BEALIERR (9 S BUE R AL
A 2 R TN 1) AR SR PERE AR K, IR ASSZ T30
I 1] (B B PRI, PR A SRR R AE 22 5 T At L
A RAFHE R
6 {HESH
6.1 MERRERHERERLIE

AR SCREFEH 7 22K 5 R E Z AT TR [ KR
ZAE P 2 1 DX B o B P R AR A s
AT E T, 123t DB S KRG I Ge i BN 1 .
MR ARE A 3 B o

S PR R B A A IR MRS 0 A, A
L7 o T RO Bt AT IS A, SR
JEE 20U T 1y 7 v SR EURGE 91 10320 % R B SR
R E

Fv)= [ J(odr (29)
12 1 B HOR P L 25 e e

~ & v—y,

F)= 2O (30)

b n AREARE R W NETE, WG SE
A b 3R] R R a6 Rk a5 A2 e 0 ik
MO, 15T AT I B 5 U, s AR 22 20 (14) A1
FIEZS A 3 R E 07 () ¥ U, Fe i om IR IEZS
SY A BB LAS &, o AR K-S VR Rk
#*1 CLIDB M XREEAGITER
Tab. 1 Basic statistics of wind speed in CLIDB area

it () HE(mYs) R /ME
CLIDB 9.51 4.26 29.81 0.11

ik s

Bt AT IESARER, SRR 2 Pror. BTaiegit
BN TIRFE, BRAAERZEMKYa=005T,
L X 22 T AR 0 1R Xy 510 A AR LE 2 93 5
UER] T ARSI 5 B

®2 ESTHREHE

Tab. 2 Normal transformation test table

DR gt D I FHE CV
CLIDB 0.003 8 0.008 37

6.2 CMSC {REMEE G IHHF (A EWNE

K 2L A OC By /R B R BE R RS 2 A T
200 a MIXGEIFS, FFKH K-S Jrikta i A: i
(IR B 75 ORI A IR 2 0 A R . 3R 3 45
T REIKT a=0.05 TR LR,

3 EEREY, KBRS T EEE D
Tl FHE B M RGI6 i T EAUEIE AR, A
AR, XULHA:

1) SR B A M 1 2R Dy R B R B R AL I 72
LAY A] DR B 1R PR F A KOG Y 91 () B 28 53 A7
Y, BE88 IR S — R X 1) RO FE

2) JRGHEARILL IR FE X CSMC A5 fr i H5 4% 6
ANBURR, SR FAT AT B B 3075 7= A I B &5 SR
AL, PR ] LUK F BR8] S — B AR Y 14T 4>
Mrit &, mrRURK it .

RN A RE K 2 500 a FEEF KK, &pk
RS EHUETEE T —8, EHEEX B
B B RO FE RIS, 2 B AE XU 3 1) A 30
H, TR AT A, RPN A

T 20 B AR S B AR AR IR M 2 o) A R
PE, 45 CLIDB HbIX B XU A G i 8&%R, W
K 4 fiion, UK CLIDB Hb X BEHLURE MR 7341 Gt
TR, WK 4 Fos.

Hh% 4 FTE 4 v A0

1) A ST % B o0 AR Y # m) DL ) fR 5
JR 6 HH R R A AR, B PO AR 2 T S i

<3 ERXEEIESITR

Tab.3 Normal test table of simulating wind speed

RS K 4it & D CcV
—kr 0.001 99
—k 0.001 96 0.008 45
=R 0.001 97

#*4 CLIDB XRBIKEEAGITER
Tab. 4 Basic statistics of simulated wind speed in CLIDB area

Guit & W/ m/s) J525(mP/s) KB/ (m/s)  Be/ME/(m/s)

10

20 30
Kikm/s

3 CLIDB #XRKUEHEER DLt E
Fig.3 Wind speed probability distribution graph in

CLIDB area

— PR 9.44 432 31.23 0.97
il B 9.50 428 30.07 0.14
=iy tit] 9.38 4.66 27.31 0.09
BRI AY 11.57 6.72 4230 6.41
DSMC % 8.91 5.34 36.51 3.44




534 Hon] BT,

ST R R B A A 1 X TR AR 7R 73 By

Vol. 41 No. 2

0.10

""" - ‘l”ﬁfﬁﬂ;
——— BBy,
— - =,
L . — - DSMCHiR,

0.08 -

B 006}
o
= 004r
0.02} |
i S
0.00 e
1 5 9 13 17 21 25 29
R m/s

B4 RESERBIRBRE S HHITRILE
Fig. 4 Comparison graph of probability distribution of
simulated wind speed data

FRPE S RIGEIE RO, AR ZEA K,

2) ASCATHRE TR LS WS- bR AR X TR
G TR T SRR, BRI HERR R3S
6.3 CMSC =& 5 X4 (FEIIE

N T G A BT R KGR 5 S 4 XU ) A %
REPE, 25 H i X5 4 PR 5 ASHDL XU P 1 AH G it
L, Wl S B, DA R AL T &5 5 3 AR
PEXFECE, @i 6 .

Bl S R8Tz KGR P, By
5 A B OB R AH LU B8 65 7E BB I TR) Y R RF B
F B AR DR, TR DR DA it DXRE 410 R 2] ) JRU
B IR A EE R, 3X — fUAT AT A %1
R (A IE ARG W R — e m & (W, 0, #R

1.0

— JRUH K s

08 e R
- — R,
3 —_— YRR
= 06 =L
X
=z 04
Qi

02f NN

0.0 S

0 10 20 30 40 50 60 70 80

¥ JE I El/h
5 HEEMEXBRXMSTE

Fig. 5 Self-correlation analysis of different model order

1.0
— IR
0.8 R %itH
------- DSMCHER;
= 06 ——Weil lbufZ!
&
=04
02
O i

0 10 20 30 40 50 60 70 80
i 5 I T/
6 TREIREFUNLERBHEX ML E
Fig. 6 Comparison graph of self -correlation of different
model prediction results

R TE R, TR RS EE R IR
o A% T DA R ADLH 08 1R i 1) O S A i 1) A
FAFIE . PRI AR I X RGE HEAT R, E A5
MR AT RFPEAT B A R & B PRI 2, DL
A B A RORRCR,  t Bk 0 =i vl
H M A A PR A TR BB B A, LA
RPN MRAE AT R PR G PR . ] 6 3RHT, HAXS
TG, A SCHr SR AR T 45 R K B AR K
Rtk 5 IE AR HE ORI, TN A SR AR S O HERA

E 7 HEMERIRE R A — dEm 2 RS E
Fig.7 Two-dimensional vector scatter plot of the adjacent
wind velocity data

7 Z5ig

AR ST G R T KGH G AN (R R »
S T3 REA LI RE I KOE TR . DAREALIE R
R AL SR AR, DS By KB R A6
RUARE B IR BER R, DRSS BBCRAE
BENULAR K EARSCIE T, (R St 1 XU A M
ATHRFPEAN 7 B B AR SR . 22 BB AT
SR EoR

1) AR AT DUAR G DR S e DR S04 11 A
o AkEtE, HAREON I ES R gt i S 800
AR, JCHARK RITRN, Z458 .

2) AZHAITT DR G o R 15 IR a6 $008 (9 5 A 2%
R, (HRLRB SO AR PE IR IR, UL A
FH AR L PR AT T30

3) HXMEGE RS KRB REAL, AR
S Ly IR BHRAE R B A SRR A 2 B 2 00 I T
[E1) o ) T i v 8 SR s et , BE A I 8] 22
T .

H AR SR R AR R A B AL R rp A I %3
HRTR]— 0 A1, T S B R AT BEAEAE AN R 5 0
BRI AN DR Al — P

SE ik

[11 Ucar A, Balo F. Evaluation of wind energy potential and electricity



H41% 2 R

™R

535

[10]

[11]

[12]

[13]

[14]

generation at six locations in Turkey[J]. Applied Energy, 2013, 86(10):
1864-1872.

Tian P C. Estimation of wind energy potential using different
probability density functions[J]. Applied Energy, 2011, 88(5):
1848-1856.

Xie K, Billinton R. Energy and reliability benefits of wind energy
conversion systems[J]. Renewable Energy, 2011, 36(7): 1983-1988.
WREET, RIENE, EEAL. WNZRVE X XGEEE  H SRk
RETHET]. B EBIE%, 2004, 24(4): 12-14.

Yao Guoping, Yu Yuefeng, Wang Zhizheng. Wind speed data analysis
and calculation of wind power generation in coastal areas of Rudong
[J]. Electric Power Automation Equipment, 2004, 24 (4): 12-14(in
Chinese).

Jaramillo O A, Borja M A. Wind speed analysis in La Ventosa,
Mexico: a bimodal probability distribution case[J]. Renewable Energy,
2014, 29(10): 1613-1630.

Sahin AD, SenZ. First order Markov chain approach to wind speed
modeling[J]. Journal of Wind Engineering & Industrial Aerodynamics,
2011, 89(3-4): 263-269.

B ZERRAR, ARIRME, . TR XA P R T B
AT BRER, 2012, 36(4): 45-50.

Deng Wei, Li Xinran, Xu Zhenhua, et al. Probabilistic load flow
calculation considering wind speed correlation and its influence
analysis[J]. Power System Technology, 2012, 36(4): 45-50(in
Chinese).

R, MR SHHGIIM]. bR HUR T HARAL, 2012,
Wiz, M EATE. R e KR S 2
JRGHLIZ R T ]. e L AR 24, 2012, 32(35): 107-114.
Xiang Yun Qing, Yang Fuwen, Wang Hangyu. Using Bayesian -
Kriging-Kalman model of wind speed short-term prediction[J] .
Proceedings of the CSEE, 2012, 32(35): 107-114(in Chinese).
WOUH, T4, hH, L. MRIGEIYIE K 2 AR BRI
[0]. FEENLTREZER, 2012, 32(1): 24-31.

Guo Chuangxin, Wang Yang, Shen Yong, etal. Multi variable local
forecasting method for short term wind speed of wind farm[J].
Chinese Journal of Electrical Engineering, 2012, 32(1): 24-31(in
Chinese).

BRI VARSI XA T 7 JLAE R i R G R S PR
FIH[D]. #EpK: BRKY, 2012

HHHn, EFFW, BT, . ASE G AT ] SEEAR AR X X
AME ARG IR, BMER, 2013, 37(10): 2896-2903.
Qu Chong, Wang Xiuli, Xie Shaoyu. Different wind speed model and
the reliability index of wind power credible capacity evaluation[J].
Power System Technology, 2013, 37(10): 2896-2903(in Chinese).
ZRH], S, Eib. FET Ada Boost ) BP #1220 2% Ut %
FERLIGE B IR ] EAR, 2012, 36(9): 221-225.
‘Wu Junli, Zhang Buhan, Wang Kui. BP neural network based on Ada
Boost algorithm in short term wind speed forecasting application[J].
Power System Technology, 2012, 36 (9): 221-225(in Chinese).
ERnE, FHEE, THOR, & XS KBTI TN RN 2
A I AR AT 0], AR, 2013, 37(4): 967-973.

Wang Songyan, Li Bijun, YulJilai, etal. Analysis of time-varying

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

characteristics of wind speed and wind power prediction error
probability distribution[J]. Power System Technology, 2013, 37(4):
967-973(in Chinese).

. AT, mR, S R TOHRE GRS A oY R T )]
S L LA AR, 2012, 32(1): 32-37.

Gao Shuang, Dong Lei, Gao Yang, etal. Based on rough set theory
in long term wind speed prediction[J]. The Chinese Journal of
Electrical Engineering, 2012, 32 (1): 32-37(in Chinese).

K, BhiE, XfE. T R R R R E TR (0]
ML TR, 2012, 32(29): 104-109.

Sun Bin, Yao Haitao, Liu Ting. Short term wind speed forecasting
based on Gauss process regression[J]. Chinese Journal of Electrical
Engineering, 2012, 32(29): 104-109(in Chinese).

HRR DR FERERIMI. FRURIER: MR R K2 HiARAL, 2013,
WA, Gk, TR ISR A LA KT T]. H
AR, 2009, 33(18): 144-147.

Zeng Jie, Zhang Hua. Wind speed forecasting model based on least
square support vector machine[J]. Power System Technology, 2009,
33 (18): 144-147(in Chinese).

HiL, e, FENI 5. BT EORR/NE-BP AR L)X
AT T[] H ) R GEOR I 5, 2014, 42(15): 80-86.
Xiao Qian, Li Wenhua, Li Zhigang, et al. Wind speed and wind power
prediction based on Improved Wavelet -BP neural network[J]. Power
System Protection and Control, 2014, 42(15): 80-86(in Chinese).
T, ik, E4KE. TR RSN AR 2 ST B R R
TR BMECR, 2015, 39(5): 1307-1314.

Wang Hui, Liu Da, Wang Jilong. Super short term wind speed
forecasting based on spectral clustering and optimization of extreme
learning machine[J]. Power System Technology, 2015, 39(5):
1307-1314(in Chinese).

FRA, Tk, RS X DA B AL TN T VAL
rhE B LR, 2011, 31(7): 7-15.

Wang Songyan, YulJilai. Joint conditional probability of wind speed
and wind power prediction method[J]. Proceedings of the CSEE, 2011,
31(7): 7-15(in Chinese).

T, SROZFE, AL RTINS R 3 X T A
). WITABME B, 2005, 25(8): 32-34.

Ding Ming, Zhang Lijun, Wu Yichun. Wind speed forecasting model
for wind farm based on time series analysis[J]. Electric Power
Automation Equipment, 2005, 25(8): 32-34(in Chinese).

WIS HHA: 2016-04-29,

fEEEN:

S EE(1963), L, Wit mg TN, W
HLE AT 53R ] AR

EITH(1992), F, WLBFFAE, BTN
ARG 545 H], E-mail: 18001146577@

163.com.

(wiEhiE T4£2)



