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tics of demand response resources are expounded. The IES (inte-
grated energy system) operating cost is taken as the optimization
goal and the power system, natural gas system operation con-
straints and energy coupling constraints are considered. The IES
optimal energy flow (OFF) model is established, which is used as
the input of the power system stability estimator to calculate the
generator and coupling link power. Secondly, by setting up the tran-
sient simulation model under different load levels, the system sta-
bility under fault conditions is obtained. The training of power sys-
tem stability estimator based on stack denoising auto - encoders

node power system and the modified Belgian 20-node natural gas
system is used to analyze the intelligent evaluation of power system
stability. The simulation results show that the SDAE-based power
system stability estimator has high recognition accuracy and excel-
lent computational efficiency.

stack noise reduction automatic encoder; demand response; optimal
energy flow

Abstract: Firstly, the probability distribution characteris-

(SDAE) is proposed. Finally, the IES comprised of the IEEE -39
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Fig. 1 Load probability distribution characteristics before

and after peak electricity price excitation
1.2 B-SEAERALH OFF#E
1.2.1 B AF&EK
XTI R G, FOA s

68 | EAERMEE

F21%% 4% 201947H

€= X (arsorpre () ()
iel*"

Aoy I R LT S Ay PE e A
PRRALIE DI ST o b L e R R
HLI AR 250
SFRIRTFGE, HAAR ROk
C,= X A+ Y A (2)

ier) ;

e 1) 1 e o S AR B AR R Y
Bty w)! wl Y AU AR E AR
SRS A LA B0 a5 SO i
R INA R EL

P, B - R A BRI R GE R OEF BB i) H A5
PRI N

min C=min(C, +C)) (3)

122 2%

(1) HAORGEAR

L) R G R AL TS D)3 2R R 2
WL IR AR A LIs T 2R, BAR N
(4) 7R
P+ P+ PP - PP = pl
= ViZV,'(G;/ cosO,; + B, sind,)

<V.<V. (4)
P,<P,<P,

sengpigengpggen

b VRS, AT R LR IR (ERAR A, 8, =
8,-8,3 G, \ B, JN SN Yty S AL AY 5 e
N R IR R ORI s PP PO
PP PP 3 R s R AL XL - SR
HRRAHLA R (P2G) LA A K L F g A TR 5
VRV, 53530 15 s RS R BR s Py L P AL P,
G BR L i AT SR B L LR PRI P 4y
AL T E TR

(2) RIRRARGLHR

FIRAR G ARSI P AT 2908 9 s
FIR I I R AR AR E 2R ROOR AR
AP0, B (5) fras
VRO R i el T

v,

4 =q;=¢q; (5)
Toni S Qonir Goni S Gonss T Lo =0
ﬁ $q vell < Fﬂ
Pg = SHH\‘qg
e g g A3 AR P2G LA A



IR 5 ¢ T g 73BT R AR A A AL
YA T AE I RAR S 5 g, B g, 230K
filt S i 1) AR IR S s s,
WL E-15 o, RSB TERCE RE KB R RS
P25 A R EG m A RiET) o Fla oy
AR AL R I BTN g, A g, 20 A R
AW LT ¢, Mgy 9 B R
5 2 A I I SC 1B g
SIREI R LR P RERR IR g,
HRERE 5 Sy WRIRTRHE
(3) H-SHIBI LR
AR -SGEA IR G P B RGE R
SRR R Ge Z ] 20 L R SR P26 AR A
FL =R R 1 2 SROGU T R et i A~ Hh 2 RN
SR R4
P =078 g™
4 =0 P S
P <P < P
g <q™ =g
2 " g Ak H SRR AR SR P26
BLA G AR5 PP A PO 4500 H "R B 4R
AUBLERL S TR B R g™ A g AR
P2G HLAL i AR B R RR
1.3 ETFPSCADHBR N RFEIREES
ARIUR A s ) R G R RRE TR I L 43 )
& 1 AN [A] 471 faf 7K OF- R HL 7 &R 42 119 PSCAD (power
systems computer aided desigon) #3115 B R
S TR e s SR ) e R D) AR i 5
BRIUR[R) G4 KSR A e it o, ) RS R
O, LI A iZ S AKSF T H O R G kase PR T
TSI, S 51RO IRt

(6)

2 T SDAE WHL 1 &G Fa e MEPEAL o8

2.1 SDAEWIEREIE
SDAE Ay JERIEFEME 7 4 A5 % (denoising auto-
encoders, DAE) , 1 Z)Z DAE#EZM K. DAE BYZ5H
I AR P2 S 2N Hf A Z R
(i) J2 22 (B30 o S i aok A % 42, b ) J2 R i )22 =2 )
TR R . Gt eR RN pR T
Y=f(X)=a(cX +d) (7)
Z=g(Y)=a(pY+q) (8)
K. X HDAEWEIAJZ; Y ADAERHE)Z; Z N
DAE W% R )2 f F g 5350 R 2 R BSORT A0 bR 4 5
a U PR ¢ T d 301 Ry SRl g P SRR R R
B p F g o3 A R A (A A e R PR e 2 ) o

¥ DAEZ )2 S, T2 DAE i [a] 246 4 |
JZ DAE i9%5 A JZ , i L1521 SDAE RO 2544, vl FH K 2
FR o

wiamn [O OTQ O
3 f(n)
e OO O {[CO000EIN

: f(3)T
OO0 O|-[CO0COTI

! f(Z)T
RSO0 O£ [O000CTEIE

(I)T
7
s z2x (OO0

2 SDAEZHE
Fig. 2 Structure diagram of SDAE

SDAE i 52 223k St i B AN W B X 1) v 4y
fiE, ZUARER Y, o BE2FH, Y, Al RR N
Y= () (9)
A 7 1R DAE A% R %L, [=1.2,n5n
SDAE H1 DAE (AN £ SR T2 4w i pR A
2.2 SDAEWIiIl& A%
SDAE T J3 1 28 W 268 Il 75 B0 1 5 ) B0k
PR PR S R
XFTAE 2 T R Gk e M S R
/N R AU G R DR Z A AR AR 505
2%, SDAE BE & it B I s M 2t A i ok I 2k 2212,
TR GERIFERTIAE LA LA IR A TR A . DRI AS
SCRAPRLTHE(PSO) K SDAE BRI IS AL
X TR eRAL, A SCR L ) R GE & A e 1Y
SEBRE S SDAE Hi 1 (ELAY 22 B 48 X {EAE 40 2% R 2L
K=|Y,- Y| (10)
Ky, i SDAE $0G45 2 (% i ) R gk e M
1H; Y, A RGERE T 2P A
X F i PR, AR SR 28 8119 Sigmoid PRAT
Sigmoid H T 7E 1F ~F §ili 1Y p& £ P it 55 LIF (leaky
integrate and fire )70 RHAL, PRLIHGAE S TR 2 25 ]
PTG RS 2 Ad T AT ROR

a(x)=1+e,x (11)
A a(x) 4 Sigmoid PREL; e 4 HAREUREL, « ki
/\ﬁ%o

ARSNGB R G RN R L HLRITRE & PR
ThARAE M SDAE B4 A, #5 PSCAD 4 2 11 R 4E
FRE PSS AAE Sy SDAE (% 1, 8.d PSO 812 AN 5
T SDAE FRISEL, FEdh R pREGK 2R — B 13 21

Vol.21,No.4 Jul.,2019 POWER DSM | 69




WNRSERLA SDAE B, B e ) R G e ME AL %
3 BT

3.1 HlHid

K I TEEE-39 5 1 #8722 58 FG 2 1 B 1 B
20 5 15 KAR R R G4 TES BEAT ) 4 B, B
RIBEZERY N 3 TR . Hop R S fr 2K R )
OEF F|F MATLAB g K fif , SR 45 5 0 & i pLAI
R PR D K G far KN R L HLRITER G A 1 L)
FAE K SDAE B% A ; B FH PSCAD SR fift o 1 R4 Y
T PG O B HAE N SDAE (% i

© O

|16 [15

1 ¢

[e2e e %?’51 R A e MU HLAL
@Kkl Eﬁﬁﬁﬁ aﬁ% KT @SB —> SR

B3 B—SEKAMEMIESEN
Fig.3 Electro-gas combined network grid structure
32 ETR RS
HETH AR SCIES 7545 J G fif K F T Y OEF
A ISEE RIS LR GUATHEAT 10 000 UCAlAE , 55
AR KR 1) OEF, Hi ) ZRGERY 19 s AL SR MR
S HL ML g DA R S A T AR5 2R 23 il 1

70| BAERMEBIE #21%%48 201947 F

4—E 6 iR, Hip B S B &AL FTEIA SDAE /Y
AZ—, WNE4—E6n LA, %20 MK F
F R B & FEPILE 7 AR S i AR b B K, T
FE 61K 2 5 K AL, HARERLE R 600 MW, 3X
B R RRE YRR T IR P . R RR R
FHASSCIr R i F e e ) R Geke e PEVAR TAE.

fBCISE L ) R GE T 3 R 2 e A = A A
W, FERFE R 015 stﬁﬂzFa%ﬂ;z@JF%fﬁuﬁE’Jﬁ
T KR, B PSCAD 43 A0 FLAZ B 257 B e,
WAEY: W =V ek d e =R S (I =R BV

1.1
g
£
g 1.0 |
B
i
0.9
0 10 20 30 40
R

4 TREEEE
Fig. 4 Node voltage amplitude

{E/p.u.

=8
'

HLFE

0 10 20 30 40

TS
BES5 KHEHHHA
Fig.5 Generator output

600
g

S 400
5

= 200
-

® 0

-200

0 8

4
KL
6 SZR&ER
Fig. 6 Branch power flow

®1 BARFREMTEER

Tab. 1 Power system stability calculation results
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