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Modeling and Stability Analysis of Stochastic Systems in
Wind Farms Based on Nataf and LSTM Methods

DENG Jian-jun, MO Shi-xun”, LIU Bin, ZHANG Mu, ZHANG Jin-xin
(School of Electrical Engineering, Guangxi University, Nanning 530004, China)

[ Abstract] In recent years, the scale of wind turbine grid connection has been increasing, for the deep learning of wind speed pre-
diction requires a large amount of data, as well as stochastic differential equations for wind power system modeling fail to portray the
impact of wind speed correlation on the output power and grid-connection point voltage, a Markov switching stochastic differential equa-
tion modeling method considering stochastic factors and wind speed correlation was proposed for power systems containing wind power.
The Nataf and LSTM were introduced to construct the wind speed spatio-temporal correlation model, the Markov switching stochastic
differential equation was used to segment and linearize the wind power system into various linear segments. Then the effects of wind
speed correlation and stochastic excitation strength on the voltage at the grid-connection point were studied, and the critical stable exci-
tation strength of the wind power system was analyzed. Finally, the stochastic simulation of the constructed system model was carried
out by numerical analysis methods, and the results show that the system state variable fluctuates in the stable region within the critical
value of the random excitation intensity, and the comparison with the stable waveform of voltage in the Simulink simulation circuit veri-
fies the validity of the modeling method in this paper, and provides a theoretical basis for the stability analysis of the new wind farm ac-
cess lo the power system.
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Fig. 1 Structure of LSTM cell

1.4 RHLH HHEE

TESEPRI TARZORE , MUBLAY i HH D) R B AR 52
BIZENZ W, I KGE | UR S H G AT
Jed EEPIER NI XUBIL i 1 2y 25 5 XU 9 56 22 AT
o Bk e Bl

0 e

h

0, v < v,,v >0,
v -l
_ ci
P, =9—"P, v,<v<uy (15)
vr - Uci
P, v, Sv =<0,

KA5) H: P A RHLBIBUE TR 5 v, VI RGE ;
v, HHE NG s v, KT KU n g X — T 5

2 ORMXENHMSTEERR

2.1 SRMBKRIGBEHEN RS FE

38 Y BE HL o 7 R — AR — AL &R
BRI, F LA Sy v 107 o A, (H S PR e ) R e v
BN Z R R TR, 28 RS2 B AR
25 [ S JRBREE r(t) YEHIBT LS TE RS IR A] R Y]
BRI LR o A R

dx(¢) = fIx(¢t),t,r(t)]dt +

glx(t),t,r(¢) JdB(1) (16)

A(16) e x(1) = [x,(1) 55 (2) o2, () ]"
AR mpbLIAS 5 B(t) A m 4ERENLE R B —1 0
AR REN AR RE R x R x S —
R" ¥ 10 g:R" x R x S — R Hrh x Bk

IRTERL; R" N n QB ; r(0) AE— A BRAR

ABZEMES = (1,2, ,n} BUHRA ELN D IREHR

BEHL AR, o e = 0 5 S/RPBEHREE r(1) S50 2 3

B(t) JEAHE IS0, HORSH B REE N T =
(V) vy SRASFEREHER Ny

Pir(t+98) =jlr(t) =il
¥;0 +0(3), i~
sy 08), =

RO 5 >0 min 2 =04 r(0) WEGLT

CFZIARTS s r(0 + 8) MRGAT ¢ + 6 LR
By y, WERGMETTH i BT j AR, 2

(17)

i¢jﬂﬂ‘7g>077ii=_z'}’ijo
EE1  HRPERYMR B BENL S T R0 2 L
T,

(1) R A 2% 56 X TFHE—1k = 1,2, n,
WAFHE— DK TZIEF B h, 75
fx,t,i) = fQy,e,i) [V
(g (x,t,0) —g(y,t,i) [ S hy|x—y| (18)
(2) MR FM RN x e R [t €[4,
T],i e SR
fCet,i) = fQy0,i) [V [g(x,e,i) [S
h(1 + |x]|) (19)
T 2 IR B 5 U1 46 R Bl ML A 43 T AR A7 7F M — )
it x(t) , t =0 HXFH—1p > 0 &L
Elowp Jx(p 1) < =
2.2 HETERE
X By JR B % ) 0 Y Bl AL G537 A el T LA
SEREMLIE AR, R AR M SR A5 A AT A, AE S BRI R
W H SR FH B T3 7 ok s RS B . SR BER
Y145 79 Bl ML Gk o 5 B BB T35 )7 157 EM ( Euler-
Maruyama ) /572 {8 [] Euler-Maruyama 77 %  Milstein
Tk A EM ¥ & B ET K A B AL O R U D vk
HR L AN IR R (16) 1 SRR B
B AIREHLGL > 7 AR EM 3 Lk s =0k
Xy = X, + (X, i) A+ g(X,,r') AB,
(20)
HQOYH: At = (T —1,)/m ; X, = X(hAt) ; AB, =
B(t,,,) - B(t,) , AB, R IR\ = i 5340 A B AL AE HE
WO AB, ~ N(O,At), Bl E[AB,] =0,
E[ | AB, [I?] = Acsry' = r(hAe) U {rf,h =0,
1,2, | R—AEE SR A sk, HAE 55
WERARE R P(A) = [Pi(A) ] =™ 5 h =1,
2,...,N 5

ML . www. stae. com. cn



R T NI N N -

7654 Science Technology and Engineering

2025,25(18)

3 ETF MSDE WEXBEBENEFZER

3.1 f5{LH DFIG BEHEE

XU AL K T A& B AL H X 3 0 i 2
IALES KU AHLZEAE /N TP P AL D) 22 0] 20 R PR
#By, — &R R KALAE 5 T 00 F AL D R 5 540
{8, 59— S %2 23 B VR & i ol 6 for 8 350 (i
BT ) S W REAL D 23 8l T XLis: %
KHHLIERR 28 T 5 Fizsh i fE

dS Pm B Ps
2H, T = (21)
Pm = PmO + O-W(t) (22)

s H, 9 RHLE LI 6] 5 8 P, o R D)5
P, BRI ;s WEEZER P, JIMGERE T T K
BUHUAR D RSSO ; W (o) NAeAd AR, FHHOR A
MU R EEAL I SIS L ; o N REHLI R

ST R I AL TR i AR v, o FL e AT
R E AR S 1 B EOR R Y )R 17 EL U X
FELATLZEL R e 000 B o A 47 o) o 8 A A Y A7 228 W
XA X AL R G S A R BT R
1 P RLATY BE Sz R it BIL PR 2860 A5 IXUATL B 52
Pt LIAS SO 1 A AL E 7B A 2, SR IR AR Y
XU AU RS AT 20 AT, B 2 (B B X5 XL R B
L)

dEy _ XW L E'l(x X))
et X, " - A at st T, T Sl s
dE! X 1 1

L=y - B - SEL A+ (X, - X')i
dt X"Udr T6 q S d+ T6< S8 )Lds

(23)
K23 X =X, -(X,/X,) s Ti=X,/R, ;X =
X+ X, 35X, =X, +X, 5 E,EAHUURERN & HAL
d . q SPESEESE; RO TR X, R
ML X A FHUSG X, Rk,

K(21) ~2(23) Wik TR RGEREHLIL T
FEAAY W AR R s AR I 1 R AR &, vl
1R R G AE /N TP JE R T R T 00 14 Bl AL
SRR /)

dAX = AAXd: + KdB(t) (24)
K (24) P AX RS BRI R A RS
K R Z ORI,

EIE 2 WA= (24) BEMLRL ST T FE Y
T 2 .

lliTE | AX(t) ||” < ¢ (25)

Moo= 0B, WFRRG BN p M FRE R, %
p = | WRRGEHERE N, %5 p = 2 WRRGZ
BIriRE .,

EIE3 R (24) BEVL 7 R A
B F7E ) R G /T PR, W AE = T B AL
TR F R B R E Fn R e i
3.2 EERFEHEXMENS TRRNBRSGEE

AbF Rl — Ry T XU 3 R EL A A S, I HL
K ) sh 2 R EUN R G is T T A A s Ar 45
AT BRGS0 R Ge a8 41 1% Dl itk A7
SRS X L 1 RGBT IR B s AL R BRI,

KGR FEREAF G B IRBER (Markov ) ¥ 5 LA,
BEXT 22 T4 RUHL 28 G5 110 A5 0l T b JXUGHE 179 el A
i RGia 17 TO0H BLAS e BEUEA T A i o 0 Bt
LR A A T LA X [R], 454 72 P IX ] 3l
U 2 RS e U N R R N S W SN (S i
g Ak HERET B 2 T ORI B |

T Ko XU Fsf 25 4 56 1 A XU HEL R Gt A 4D TR
wr,

(1) 3T Nataf 396748 e 7 7. % B8 XU 25 [7] 41 56
P B AU

(2) KA B8 (1) 8RR XUEAE o B 48, 2 H
LSTM 4 X Fisf 25 AH SR Y

(3) X XU B i AT 3R 200 HT , 5 IR B 9 Rl
IR FLAEX ], H T KGEF S SRR R
FUAE, W45 e X (R E i Markov #5385,

(4) TEHUAS 2 1 DX ] 2R 28 vty A5 PR Ry R AiE R
R IE KGR e s o (E A 312X (24 ) JE U
BEMLI S T

(5) AR 4k AH DG AU 4 B B A 45 4R X
B 5 F 10 T AT B0l o5, R A0 3 T — B 221 XUk el AR
1L, N ITTARAS 25 F LRk X (] RPIR S R S

4 EHBI5SH

4.1 FIRRHLFF M 5 Hr

1E MATLAB/Simulink & [ 44 8 St XUAL I
D) EL B I T B B R 35 5 30 — 7 DFIG, Jf:
T 1.2 X XU 2 (] A PR AR R AR B AT 4
SR T MRS | AR ABE LR 690 V HLIX
BEHWME 1 PR,

AN [) JRUH 35 b JRU T 25 () A DG R B[R], o T 48
Tt HUAH 5C & 85 40 1) ok 9 AH G 0. 86, H AH ¢
0.43,554H5C 0. 13, KA [RIAHIC RER G 5 B Bk
FHBAT 7R 43 A7 RGH AUt RUHIL A 4 D 238 328 17 0 250X
e, B KB E T30 750 kW, I 477 E il 28
TR R A & 2, HE 2 Al ISR AR G R 8
LR FH AT IR 4 A 18 XU XU XUATL HS o 0% 2 il
LA 2, Y RGHE AH 5 2 BOARET XU HS g il 28
o B RSt ] P 5¢ 4 A S, 5 B — N LR R 0 — N TE D%

ML . www. stae. com. cn



2025,25(18)

B2 4 . FeTF Nataf A1 LSTM Jr 7k i XU 37 BEIL 28 40 B A5E S5 82 1 M 7655

x1 WRRNSEH
Table 1 Parameter of doubly-fed fans
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Fig. 2  Comparison of wind speeds with different correlation

coefficients and output power of turbines with Weibull

distributed wind speeds
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Table 2 Comparison of output power under random
excitation of different wind speed modes

A RGeS, PryTy B RS TR/ W
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Fig. 3 The partial prediction figure of wind speed at

correlation coefficient 0. 86
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