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Fine security rule for power system operation based on artificial neural network
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Abstract: As renewable energy is being integrated into power system, it brings big challenges to power system, especially
for online operation. Online key power flow interface automatic discovery and total transfer capability (TTC) calculation
based on continuation power flow are too complex and rather time-consuming to be applied online. From the perspective
of data-driven, firstly feature sets based on power flow to illustrate the power system status are established, then clustering
methods are used to divide the features into several sets which fit in distributed setting. Then a feature selection method is
used to select the most valuable features. Finally, artificial neural networks are utilized to map the selected features to
TTC. Numerical tests show that the proposed method can significantly improve the forecasting performance of TTC and
save time.
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Fig. 1 Framework of fine security rule for power system

PELRIEAT
e E

operation based on artificial neural network

1) PSR KT I 1 3)) R IRASE ER

I F e &% ¥ K 45 (Energy Management System,
EMS)H ] SCADA, sERf ¥ ) RFIZITRE,
FEPAFHI R WU AL T U5 R SR [4-5]
JITIEL IR (72 S S BE T IR B B R BTSSRI
WA S B I 18T

2) g AR R A BB R

BRSPS ATIRAS, R SRR 07 50
ZR 48 (1) AT AR (A0 R FEAL RS R R FL R )
EVWERUNES), IR R GERMIR A, Hhtk
FEAE PRSI — BRI AT IR,
BT AR e LAY FPR A R Q0 i By RS A
X A AN IR AR BEA T OB W 1] R AR PR AR A A
B, IEKEZ TTC B SR N IR A ALk —
XpORE—LER” £E.

3) RHEZRIE 5 o0 An URHIE I RS ER

T KM ERR. T RAkZ, HilmEd
SRR H PR T AR T I A PIRA IR AIE
fik, Hi T4t m, ATLEENE, 72
ik — 5 VBB T PR ARBAT IR R AR IR 4

o6 A 11 P A TR0 R o TR ) Ak O 48 HL AT G
HBGARIN L, e TE ) R SR BOMVRF AR 16 5 P
BT RS H R S G AR AT A B
G A I 25 25 45 B AT LASE I el =X R e
FILHk, WFERDHITE ZITERAL RS T B
S5 R P2 b A2 B E RS SR B DO H 1 (H%
JIE R g2 i 2 LI s F TN R REAT T AR
e, FEPREA T EA W SR S, Al
SERM BRI TR FRaEk e R AN, HH
(1) 72 K S [P g e R A Hh I B /D BERFAE - ORIE £ 1k
FHECAO S RZHUE S R, AHE THRAE R
Jiid, RHEIERE TR B A T o BRI T /N )
RS

WOASCR IR IEIE$E 778, DB R P4 (1)
SERATIE WA . BARI, R SRR T
BERZRAERATIE, LM 2L AT 70 A1 2R
W SRIE AR TR ST U A TR R A
I Je R AN RUE B IR IR AT R, TS 2]
BAREER, TN B AE

4) BT N T AR 2 (1 i ) RGERS A4k e 4
AT B R

TERFIEIE FEAEA -, JaH ANN 7 SCHHRFAE
F TTC MW o SCIR[16-17, 19] TR T SePERiAY,
REf8 Wos Mk /e Fp s AT RSB IMETE T,
ORI T A BR A i 25 B PR AR A AN T T e 4R
M RGN 2 LM RS, s



_34. ® & AEY B

(L Fi A Mk LUK RIS Bris AT IO AR SR . N Tl i
25 HAT R ARG E IO A, BT DAFEZR ML & B
FEINN TR 26X — AR R, 7T DA AR
(HERPERT AT, s AR R K S I P

2 KREEFARMET

2.1 ETHERLMNEE S FHEIERE

KA TC AR %, Un SRR A W A
hHORESFHERAT R, A2 KB IUR
FRIE. XA AEAAE TR, IC S BRAIURS AL 22
RIEATIN IR . L, 35S0 A2 iy
AEEAT FRAEAR TR . T TN S THRFAE SR AN HAR S
FRAEIEFETTVE T B R BRI T ik .

1) £ K BUEIRE MR R

FERFIEIE R, ARHEAH SRR AT SR 2R
AbFE . AR H RO BGAR K BIE R EEE,
DA A AR RE R0 AN N 32284 K R
R P W B A Ay i R i ) 22 ) b . K
M K SERESE, T LR s A (R 4R b sURAEE £ 7
% oA BIASE TS R BT U, gaRih S
RT3 7 = R <

2) FE TSGR B RURFIE IR HF

X PARIERAE, 5 S E VPO R bRk AT gk
AN CIEFHEAE G AT A RS o AN SCIRIRFRRIE S H AR
DLACRFAE Z TR (R AH SR PRI BRI . 1 5, 0 Tk
fiE X, FEARY , HHCRE R 1w SN

R - cov(X,,Y) (0
b Jvar(X,) var(Y)

M) AHERIN, FHICFREL R, B, FHIE X, F
HbRY Z I QIR , S JBkgS . 53— J71H,
5 SURFIE X, X, (RIS AR, W

cov(X,, X )
i Jvar(Xl.)Var(Xj)

MK@AFER I, AR KL R, K, Rk X,
X, Z SRR, S Z MBS o A 1 ORUEARFAIEE
PR, AERF bR R Pk ) gt
HFREYE TTC AT 8K A I, 17 T 97 12 i 1)
Ja Pk Z AT BN AR SRR (BN AR, fE SUEr
fIEEE H AR R £ R

Fitness(i)=R, — 772 R,-,- €))

jes

Arb: SAARCWIFIEE S n ABCERE. FH
AFFIELEHE PR BOE — X A IERAEBEA T I, B e A
FIEFEIR ORISR B, PRON RBEAFIEIC N S,y o X

2)

IR HER R R S R I A A TR
2.2 BT ATHREMFZEFFMAIL L EBITRMER
N LANZ W I8 3 5 4, BN
SRR, SEMa i n ek, oo
T A T 1) e 7 8 2 )
Xiq =S, - X, +B) 4)
e X AR R R RS
JRZ R R E; B AR E R . fENTAZEK
2 Zxad RE b, R R 1) AE B SR
(Backpropagation Algorithm, BP)%, 3% it 4%
ARSIy 156, AEBUMALREATY, K
WS Bt 5 9T 5 A ) 2 TR WA R 22 LI, A
QD SR TES N s S D IVAPEZv i Y X R T = S (B
(NBEES &
OF,
WH—W—UEE ©)
b W AR  ARACHTIIBCE R %, E AR
¢ YORARHT MR DS % . BP YR m) LICR R
FATUS SR, IR R I RIS, i AL AR
IBATEER
FEA PR i, 0 R b SRR PR A%
i 2 AR S AT BB RO S v SR AR H Y
FITHE s ARERMRBERAEHA, FIHI N TARZE 25
JlkE AL 2 At T E5 R TS I W 2 s

EOR 2
2 AIHEMEMEHRER

Fig. 2 Framework of artificial neural network

NI RN 2R R IE AR 5 S, »

HZAE BT AR R A A S (TTC), 2 H] ANN 4
NL T MIRBRARFAIESR 15 IR PR A% 250 5 PSR «
Siey = Brrc (6)

N T RIEN Tz M2 I gt B BP 531
AR, EH R RTINS, S92
ZARETT



T, % TN TN ) R GORE AN 2 A AT B _35 -
ASye, = APpc ()
3 EHImi
AR TR E R R, A

PRIOPANERER R R R AR LA, HLM 224
IBATHERIMERER, 2R M 3 B I 3 B

JriX14

IrIX11

Jrx22 Ml

#

o : A2 jyis
FAN IS Fi

3 IR M EELREMY
Fig. 3 Framework of Guangdong power grid

BEA ST N TR M1 ) RSk
Mk AT N A B RIJTVE, AR AR ik
TSR o P55 251 CPU B & N Intel Xeon ES
2630v3.0.

H5CIs H EMS RE0R1) 4 Ho AL fiE
TR B AR PEAR K DRI, A XA
W AT AT A A B, A O R rh R i S
TRV T AR R AR R A . A AT A Uy
AEIERE,  TAF HH i B T T 3 P A i 7 f1F)
RI#s 5o, AT HT iRy ARZkihph s 2
PR BT A BT L R GRS AN 22 A8 AT o 60
WA SRR, K 80% M H A Il i, T
AR K 20% A A A A MR E s, -0k
R ERFPE R 2

PLICHEWTIT “NB+FDa+FDb” M IHE T 204 (H!
TR LS, kAR B E R
By, W RN A 4 FToR . I T
IKEREHL R far RO ) B Il IS . E RN
ap AT s R R ) A7 A O F G R A b
WIZE ) LR ACTRARET, & EAUEN
F AT, WAL (I B A2 NI A ). %
Wrifl s AT i N Y, T E ST

PL2016 45 H 13 HEL R 4:00 ISR 1,
VIR (1) S8R AE 80% LA I, 75 B Jhy B b 1]
RO . SRHEERE R FY 25 500 kV
MR V., « DG A2 B3t 500 kV il B & v, AT TL %
FEL AL FEL 7, A R 2% T TR B PR A% 75 1 (1)

Bl 4 XKHEUTE “NB+FDa+FDb” H9FRINME
Fig. 4 Key power flow interface of “NB+FDa+FDb”

PIRZE. R MG R1S 2 (W 2 Ak 22 Axis AT F)
@)
Py = 2570 —1.368AV,, +1.117AV, +0.1011AV;, (8)
LR ARSI AT 0.56's, FERLTII )
FEPEH 98.26%.
KN ARG M 2515 B HE Lo e 412 AT R
WO FTR .

AViy
A VDG ﬂ) [APTTC ] (9)
AV

Hrp N TR M AN Z I8 3+1 Moot
FhfmE A I0), 20 8+1 AMheeoc, )2
M1 APHE TG, AR I ZRFERS 7.02 s,
LTI RIRE 0 99.78%

ST SRR, AT AR - B FY AR HaG 500 kV
MKV, » $&J- DG A2 HuE 500 kV HL KV,
Re S BT W TH R AR B A A 1, 348 n v ) v
e, $ETHZWIn 12 et S5 25 . X&) NB
2R R R, FDa 26l FDb 28 18 R 8I%, #1271
Vi~ BEIXV,, BEWSHETT FDa £EF1 FDb £ (4L 4Lh
2, [FICNB &, s smiss,
PRI AL EEE ST . RN, XTLL P TSRS, A
MERIL: ML T LR, LT ph 2t N 4 A5 A (1) 22
BIEATHN BT e T AR I &, feis e —2
FEPE_EHETF TR B o

I 2016 £ 5 A 9 H#| 2016 4 5 H 16 HAEE
15 min IS4 RA& AT 001 o X T LIk W
“NB+FDa+FDb”, {EWf2 3:00—6:00 BT fiz%
B, AT 87 AN ZI s sk ST I, R
T R X Ll R PEASE R b 25 Do 24 BT T 1) 2



-36 -

@A &R B R

AIEATIN, TR P I ZRAR IS P38
FE AT RIS, 25 RAE 1 s
1 S MEARBIRO R AR S 15 R L
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