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Fig.1 Flowchart of self-organized critical state

identification
ABR 1 B — R 5 Dy s AT AR o A

AL,

PR 2 IR HL I as AT T TR ) ) B AR A
R BR 15 4 th iR A KRS AR Y
PRAE bR AR, A AR A R NI
FME B A L XU I SR AU T3 )R 6
MER

IR 3 ARIEA L RSB, FEA LIRS
HHE AR IBCRT 3 A Ty S AR SR R A5 P B 1 R
RG22 MRE A YT E R
(14 S STeA€ O AT R= NI RV NE R NI 4
B v B S HE A OE () R BSCHE A S A, AR T DR H Y
A % AR B 2R R A S g AR R AR /N PRI R
22 B0 ) I T 3 B R T R DG s B | AR AR
AR IR A B 75 B S e U R B i R R AU
IET A,

UR 4 S AR 4 BN [ 42U B
A PR Pl 22 X 285 DL IIAH i 8 | T 2% 4 D55 KL
HL B B 55 6 DS BE bR AE A A, LA A 2H Ul A
AR B AL G FE 2 AIRESE ML, CT a5
2 #i28 o0 A B iy %k B[R] BT Hecht-Nieslsen R 4
Kolmogorov 7 3 Bt T IE B T i 28 W 4% v e 5 2
[ EZPIW S ST TN X L 2Pl S I

Nua < N, + 1 (7)

RIGEAFLCR | FTHGER E T8 7,

TERE M 2K E540 2 J5 , % MATLAB2010b £
W 2 AR HL R 13 2H Rl SRR B A LVQ
P25 D) 2% T AT D 28 I 5 | DA SR HU ) 4% 3% AL R 4K
R

RS P aE M PERE, LVQ P& 4538
I IT  # — & v B [ A Al RS FEE A 4
AU FEEFEARR A LVQ P2 M 48 470K, X5 U
IREE AT AT, AT LIRS B AR 5K B RS
F Il 2 A8 3 A0 Sy AR i 5 A AR e 5 AR A R e 5
A TR DAORE A S48 H 8 F 1) 1 20 20 S 28 B
B AT PR TR

(2)HL M 3 21200 A BRI

A AR SCHE 04 L ) [ 20 2 LS HER O R R A
R, BA AT AT DK R A TR B A
O R S B0 A A B ST LVQ PR % T R
M HLUE RSP, FEEENE, B TARS
PO £ A5 P S S AR T SR FH 2 P A 5 i 3 A7 1 2
5 201 1 28 N BE FH 1 oAt el I 7 2 20 B A B
W, HA M A HLUG TS HUE BRI T

BRI HER R 0 0T I Y ) R AR AR

AR 2 W) AR bR AR A IR AP LVQ
M2 h | 5 RUE SR B W, 47 s A B HER

==
g5,

3 BEMBARIEFRESPRTEHLH

3.1 LVQ HEMEEZENEERITE

W LVQ M4 W 455 A2 AT iR X=(x,x,,
o X)X — X6 I3 IR R FINASCE A X B 3R
[T N IR CTE S A AN NN R DR S i
RT3 6 D HHRYIIEAR . Fu il S Y=(y,,y,),
vy S8R T H 2 GUlm B RN AE A A Ul R
R i A A B X6 6] S 1 1 22 D 2% AT I 5 104
By A JE P20 5 G E A 2 T Y M HEAUE A R

20 2l S 2 AR AR B 08 A= 1 V8 RN i 4
B2 Fan , H i B8 b FDR 2 858k 3 0 4
Yy 3RFE bR B AT LAAR AR H 1) 3z 47 DR T A O B 4
SRR K H B AT AR B CH R
2013 4F 10 H 18 HZE 2013 4F 12 H 2 Hi#E%E 46 d
(149 AL R 30 S0 5080 R 2013 4F A ZE R fr is AT 07
KAEMREARXT S Hoots 11 A 23 H s 1E b &
SCERHE AT 46 d A iE AT RS A T T
JFBGEt Xy A 8 | 11515 20 & P 3RS AR A

| P AT E ] A AU A PR |

B2 BAENERTEEHEM
Fig.2 Generation method and
constitution of sample set

K HISCHR (2118 A 4 G 58 R AT 10
AH18HZE 12 H 2 HER 11 H 23 HAMY 454 1
W3z AT RS PEAT R A5 3] 45 A FEACIR S Bl | B
45 DHREAT G0 B AL F A 220 S 10 W a5 R
45 A FEAKT N 1) 4 B A (8BRS AR AR S Bl
— AR R T AL AU RS HE R AR AR R O
Y 30 MAEARAE I RREASE S 34 B 418G
FEAFEAR B AMW 15 DREAR AL 2 4 H 48U
FESFEANE M AR AL | B 30 VIR AE A A



(130] R R 5% 36 %

BB G M 25 R MATLAB B i 8 /9 25 )] — 750KV 4B
= i N

Y45 R B0 O 7 M X8 0 4 0 A 1 5 0 19 S A IR R — a0ky A

J2 555 4 )5 22 A AR BUR B W,
32 BEMBALAERSYIRAENIH

FIFH MATLAB #2584 T 5L 46 $2 138 /%) o8 50T
DA (e 1 S BAS SR ) R I ) 2R 2 A T
o IR LR R A TN SR M 45 F BTt 30 411
R AR P TN Zad 7 RIS )R
KB TSR SR SE T M E I 2k

SR 5 N FH MATLAB 1 19 ) 45 I3 o 50
TR AR 2 26 AU S e 11 A 428 000 246 {8 AT LA A5 21 56 1 1)
DAL R 25 5 | 2 A5 A a2 1 R,

F1 WEMiRLER

Table 1 Results of network test
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Table 2 Sectional load factors at average daily output
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Self-organized critical state identification of power grid with centralized
integration of large-scale wind power

DAN Yangqing',LIU Wenying*,ZHU Yanwei’,CAIl Wantong’, WANG Weizhou*,LIANG Chen*
(1. State Grid Zhejiang Electric Power Company Economic and Technology Research Institute, Hangzhou 310007, China;
2. School of Electrical & Electronic Engineering, North China Electric Power University,Beijing 102206, China;
3. State Grid Zhejiang Electric Power Company Ningbo Power Supply Company,Ningbo 315010, China;
4. State Grid Gansu Electric Power Company Electric Power Research Institute, Lanzhou 730050, China)
Abstract: A method of self-organized critical state identification based on the LVQ(Learning Vector Quantization)
neural network is proposed for the power grid with centralized integration of large-scale wind power,which
takes the entropy indicators as the main input objects,including weighted power flow entropy,network
topology entropy,wind power fluctuation entropy,etc.,applies the data generated by the power-law tail curve
fitting based on the outage data as the training samples and adopts the LVQ1 and LVQ2 algorithms to
train the created LVQ neural network,which is then used to identify the self-organized critical state of
power grid with centralized integration of large-scale wind power. A direct connection is established between
the physical indicator and the self-organized critical state by this method,avoiding the repeated simulation
and subjective intervention existed in the traditional identification methods. Simulative results show that the
proposed method can correctly identify the operating states of power grid.
Key words: centralized large-scale wind power; cascading failure; self-organized critical state identification;

LVQ neural network; physical indicators; power-law tail curve; wind power; entropy; neural networks
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