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ABSTRACT: Aiming at the contradiction between the
rapidity requirement of online calculation of transient stability
preventive control and the computational complexity of time-
domain equations, a stacking ensemable learning driven
optimization method for power system transient stability
preventive control was proposed. Firstly, a transient stability
estimator based on a stacking ensemble deep belief network

was constructed to replace the nonlinear differential algebraic
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equation solution process required for transient stability
determination. Secondly, the trained transient stability
estimator was used as a transient stability constraint
discriminator, which was embedded in the iterative
optimization process of the Aptenodytes Forsteri optimization
algorithm. Finally, with the goal of minimizing the cost of
preventive control, a stacking ensemble learning driven power
system transient stability preventive control optimization
algorithm was established. The algorithm realized the
efficient judgment of transient stability constraints in
preventive control, and improved the decision-making level of
preventive control for power generation rescheduling. Based
on the IEEE39 bus system, the proposed preventive control
method was verified by experiments. The results show that
the method has achieved good results in both evaluation

accuracy and calculation efficiency.
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Fig.1 Schematic diagram of stacked ensemble learning
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stacked ensemble DBN



868 BB HERAERE WS ) RGE SR E B Tr %

Vol.44 No.6

B, Fogh Rie IR E AT TR B 5 AR A
AR AR )RR B S AE N
)RR ONFRAE, RRAEE (0 3 SE TSIAR 24T R
TOF I EEIARAE . SlZRE, HER S B DBN X
BN I, M IL<OB, WAHBNRFEELK
Fa, WA ZKHBEHE T, REAH LG SRE
29, HIHEATI S, R L T

2 HERXERDBNEIIN B REEH
5E TPy 2 Rl S

L) R G 8 AR E T i ) AT LLE A — %
J& A B € 29 I B A W R (transient stability
constrained optimal power flow, TSCOPF)#%,
2.1 BARGESIEMPEH

TSCOPF LA £ 5 1 i A0 S D f e 9 H A
FERI AT QRS [EIN 25 8 D M A E 1k,
RARIRE T RERI RGBT A WE%M
5. TSCOPF B4k H o R $ % 29 3R 2%
ToRUR

{DIRER ZE

TR 2 1 - BOR F R R AL ],
A BARAAL B 5 Eﬁ@ﬁ%Tﬁ

min C,,, =min z(rG"AP PHrETAPE™)  (2)

prm S pre

AP={ ©0 PS;’>P3;’ 3)
07 PGJSPGJ
Pbei_Paf” Pa‘f.<PbC'

APg =4 " e @)
0, P> Pk,

s Cu PRI R UL S 7 U B 00 A
Se AFTTUR BB RIS PEy PE 2 HIA
5506 K R HL BT £ RTJE &% B R E

AP, APE™ 73N i G R LT MR D
EREBMTNEE: e e RN G KL

J1 B TR AR

2) ML L

7E TSCOPF # R1 Hh, [ 28 ] it 2 X 24 o T LA
F A g WAL S R R R

=|Vi|Z|ViHYij‘COS(5i_5j_¢ij) (5)
iz

N
= V.||, |sin@,~0,-¢,) (6
j=1

Y,=v,|2¢, (7)
X P Q0 BIRENBEL i (076 ThI R AT Th
Thas V. o BINHEIRMEAAR A |V, 0,435
DNBELR i (1 R RS FIAE F 5 0, N BELR j 11 LR AH
fas |V, 6,5 B9 SRR AR fr s N O
ML
3) BB T RAEARLA R
LI AT A S AR AL & R FELL HE D 2R
(8)« 7 s LR LI R (9) Rk B P £ PR (10) »
PI"< P <P

06" < Q6 < 05 ®)
ieS;
VISV SV, Qe Sy ©)

PSP, <P, ijes, (10)
P o3 ] £ K LA DD b
NERs Q. Omr oy AR R LT DA b
TR v v gl s R B NER,
Py PRy G N R iR TR 2 TR AR B 20 R
Fy R SN RS SO NEIES.

4) BEERRELR

HL 1 RS 8 AR08 O AT DL — AN 7
A —MRETTFR(12)F R -

A P,

S (n
h(x,y,A)=0 (12)

L x AREEE: y WRELE: 2 HEH]
T,

K1) (12)1FF IR K AR o AR BT
FRIR AR, TS A BAERT K . 7 DK L By
RAMIAZ Wb, R R R, R,
BETH T SR AR B vt B 20 25 2 20 A W
2%, U RS ATRE TR O — .

PEHARSK A2 b, AT LA & H MATPOWER
SXof O 265 1 9 240 SRR BRI 2 AT I AS 7 320 SR AT 4
Wr. (HE2ESRELRAD. (12)¥ KIELHER
REOTFERME, L GRME T EMERE R, FER
IRK, B, AR IR TR DBN B8 S fa
PR RS, UM R kg 2.

2.2 £EDBNIKFNH) AFO Fps# H Hik

PN R0 148 25 208 VPAL 45 #- A\ £ TSCOPF



F44E FoH

K B OB R 869

o, NEBCKR A TSCOPF, K AFO Sk 4Tt
o AL RSO IS AR, BT A
RO BRI RE S R JE U], PR R RN B 014
BAMCREEFE. MO % A
A B, B a R A R A Ak SR A T
ML TR EEEE, MRS eEEREs
THE SRR SRR WS G A A
N SE % DBN 1) AFO £5 6 11 3 i o

IR
RSB AT LR

K3 SEDBN-AFOEEIZ:H
Fig. 3 Model structure of SEDBN-AFO
£ AFO B4 #ik A MATPOWER HlI 3 - HE k%
4L B DBN 1) # 24 £ € PP Al &%, 14 it SEDBN-
AFO Tl k. B, DA LA 54k
BB N ARG FRE, B ARG A7 B ACZ
RER G EBEIBA DI ), Kk, A
MATPOWER 5 4 5 M B A7 B T 5 4t 1) 9 25 W10
& XL AN Y I AT I AN L odE AT HI T, [
I A2 BR T 38 A A 0 VAL T A R R A L A A
FROEs FROR, KPS R R FL R 0 155 0 A0S
FHEIRE . AH M2 SEDBN B & f20E PEAL 45
L PEANMETSE AW RGESREN: &5,
AFO SLVEMAE 9 HA AT I O, 456 B/ MBI
AL H bt 4T TSCOPF AR ALK iR, 152 4
FORHEEAL B S AN, B AL )oK P i
B HARE P AR B 4 PR .
2.3 AFO& B
I SIS K, FERZEIEHL N, AFO K%

A R s
SREAH AR
: = v
A | o
S M il AFOSLIE |
BE A <
v ' ey
P | iizik |«|MATPOWER]
At IR :
7 ; BEIBIT LR
PSASPH TRl B it | | v
SRAETST ' EESIEVEAT
v .
53 TS [ P BT | b A
VIZEDBNIE S 28 F R A7
\ Y Tyemernain,
HIKDBNEE 7 K ERIFIRIN | | Ak it 2
BT, TN || v
v | R
| bl TR A7
S DBNF & R RGHEA E
Fas VA 2
LI B e fELdpil

B4 EERE PSS EREE
Fig. 4 Calculation flow chart of transient stability

preventive control algorithm

v T Y 38 FR R B A T SR B R AR . it i
I B, AR SCR e Bl 5 0 B AR A 1
g, HRIEA N
Xy =X AR, (X, —x,)D,, (13)
Kb x,, RORMEENACHALE; x NP K
x, Mlx, AR o, AERAIE; R R
SR MIEZS T AT I BENLECRE R s D, /2 x, B BRI
iR ARG AL BT IR
BT AA13), HEHFEE ARG E, 4k
ST, B R PR AL B B o A, BK
LA R /T

3 Bl

3.1 FEAEMERREREN

PAIEEE39 15 il R4t A H G, T PSASP i
PEATBUE D B, AR AR, 17 R ARSI
WHEN100 Hz, RERFERSEZKA0.01s. FT R
Gt (1) B e R K, SR FH BE N FE 77 V5 7E 80%~
120% 7 HLZKF 6 FE N S 000 ik HLZKSF, IF
FH L B G g A (PRAFIESR), DLRIE RA TR



870 BB HERAERE WS ) RGE SR E B Tr %

Py FLABEZR fU R 4ERFLE 0.95~1.05 pu i .
B i BN B AR B, &t — BN RS )
o R 7 A e 22 B o g T 7 D) o W e 2 B B R
DS IER, A6 KL iEf 34 KLk S 58
AW 5 2 W o i B AR R AR R R K
FE90% 1 B « MU TFAR I A B A 4=1 s, ilEEY)
BRI E]B A 6, =1.10 s, i E GBI KNS s, AL
170 000 M FEAS o BEXF R — R HLKF T 34 S5 4t
R BEAE A, THE & E 0 TSIME, A A i
/NTSUHEAE R 280K HKSFE T 18 A Fa e br 241
LTS 2 5 000 MEARSIIGAEA, H AT EEA
A28124, KEEFEAA 21884, BEHLAHEL4 0004
FEAH RGIZR4E, 42 1 000 MREA L Rk 4k
DAASE R () AR U0 HE A 2R A P FE AR . BT
2 25T AE U DBN A, BB S SR 1
FiR e
1 BERAERDBNER LS

Tab.1 Structure parameters of stacked ensemble DBN

model
R P28 BRRZ B chIB H (A A BA)
DBN-1 3 64,32, 16
DBN-2 4 128, 64, 32, 16
DBN-3 5 256, 128, 64, 32, 16
DBN-4 3 64,32, 16
DBN-5 4 128, 64, 32, 16
DBN-6 5 256, 128, 64, 32, 16
DBN-7 3 64,32, 16
DBN-8 4 128, 64, 32, 16
DBN-9 5 256, 128, 64, 32, 16
TG 2] 45 DBN 3 64,32, 16
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Tab.2 Performance comparison of different models
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Tab.3 Transient stability prevention and control cost

KNGS TR SETH /MW RS B MW IR ERMW SRR AT LA AT BT A6 T
1 249.57 255.03 5.46 1.0 5.46
2 687.28 668.87 -18.41 1.0 18.41
3 648.89 664.04 15.15 1.0 15.15
4 630.92 621.99 -8.93 0.5 4.47
5 507.13 497.29 -9.84 0.5 4.92 1752
6 648.89 650.03 1.14 0.5 0.57
7 559.04 616.75 5771 0.5 28.85
8 539.08 558.03 18.95 1.0 18.95
9 828.58 781.11 -47.47 0.5 23.74
10 998.29 984.29 -14.00 0.5 7.00
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