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3127 N FAEREA N 1873 R RAREA W5 A AR RE
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IR AW I T RIS 000 A4S Bl AL T30 T F3 i i
IR L TR B REA L
3.1.2  REVH AR 69 M AL b

X T SSAE KR 5 A E AV AL 25 K 24 il
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FE TG W B TN 2R B BE 35 DA 5 000 A~ TC bR 2 A
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0, oK H Adam BIE AT I0AL , 22 21 %655 0.001, 158
Y25 32 AR R B4 5 B M 100, 35 B dropout 2500
0.5, LAB 1EATRY H B $UL 45 o

A SC N 3 500 A B 28R AR v 4y i) EE AR R B
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AN R BN GRS R 5 000 S RAR e HEAR #E
A7 Tri-training 2 B 2k, 25 P BREEREA | B A5
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Fig.1 Comparison of assessment indexes

among different models



11 ® 0 & % L %

%43 %

SSAE F#i8 5 W, HE AT LLE 2 5% MA
FrZE FEA BN AR i I ZR 25 SR B B 50, 24
BN, BN i AR i AR 25 5 3 U
AU BUAH BERRE NG , DTS2 e A A0 A PRS2 5 XoF
Lt SVM A7  DNN 75 5 SSAE A5 AU i) Ay 45 4L wT
A8 S 50 B A FREEARBOR R 12
2 2] BRI SVM AR X2 2T BEE 9 RRAE , PAL 09 vERf
FEAR, 75 5 MG A LS, SSAE FE AL o)
TC W N TR AR (5 AR T R4, 62 5
YR bRZEREAEAR RIS, o DNN 5520 E 5 4l
= 2] B A FFOE TR 015 B B S L A
i VEBE 3 AHHL T Tri-training-DNN B 1 | A SC AR # 4%
TR, P, ¥ SSAEAE Ry 1702 as Xt
L PSR BE A T KR T

WA, 2 5 A bR S FEA B, 51 A
Tri-training > Wi B 27 2] 557 58 W 5 $2 FHBL A A PEA
PERE : TEUA 200 A PR UIAEA I, FHAL T SSAE
BEAY A SCRERY B HER R T 1 9.32 %, HA P4l 45
PR IAEIE T 1500 ™A R EREAS 54
SSAE AL ; YA b 2 I A A BGA ) 3500 B, A 5C
AR P4 DA VB SR 8 5] 98.62 % ., I, Tri-training
2 W2 ) B B IE 6 KA AR AR IC FEA B R FH AR
WP ZBEREA Db B E A S SRR SR, A 50
e TR D B BR R AC T OL T 07y SR BE L BB
B bR TSA TP AR FEA D 1 0]
3.1.3  AAREAR A EAS B BE AT B AL AL 09 % vh

TEOIAR AR A A i 2ok AR v A 2 B & R
(B AN [) 23 el i 7 A OO AR 25 A AR 1 Bt 1 o 6 i A
AHIE A4, | 3X 23 25 AR SCBE R BE AT R S . 7 Tri-
training Y| 2k F2 1 , & 7E X [8][0.55,0.90 | H L) 0.05
] B 35 51 R A 2 5 W B I 2k A A S A B
500, BERIPEAL G5 SR AN 1 7R .

1 AEEGEEHRETHTHER
Table 1 Assessment results under different

confidence thresholds

& P./ % P /% P/ %
0.55 90.79 91.82 90.14
0.60 91.85 92.39 90.83
0.65 92.37 93.24 91.39
0.70 92.98 93.61 92.48
0.75 92.21 93.11 91.29
0.80 91.64 92.57 90.42
0.85 91.33 91.79 90.78
0.90 91.27 91.72 90.53

2 1Al %0 24 e 7£[0.55,0.70 ] 28 {4 1
HITPEALPEREFE & (18 T2 57 , DR FEAS I Al
Bl =z 2 =, I A RS AR A B /b 5 1Y e 7E[0.70,
0.90 ] AR AL By, B8 A PEA 1 BE S AR Bl 2 & A3 R
TTRREAG , 302 R R 2 e il R i, 72 A i D AR A AR

WL, 2 5 YNGR ARl A /0 AT EAR A 92 Ak
e S %A% . UL, e #£[0.65,0.75 | Fp BU(E A REF2 &5
PABRBAEAS BT i, 2T Tri-training 5781 (1 PEA AR
3.1.4  TAR S LA A ROTAL R P AE 49 % v

¥ 2 5 B U2 A bn 2 A AR B8 5 Sy 200,
B & H0.70, PEACUEUR K AHH 20, 50 B TR
FEASE Al 1000.,2 000, -+ 5000 P FEAHEAT Tri-
training Y %5 , LR Z: 51 2R 1) TChR 2 FEAS BOA [) o
W0 28 M BE 1952 W, AN [F] TS AR B AR A BT I PP Al 45
MK 2 iR,

x2 AEEHREERYTHITHER
Table 2 Assessment results under different

numbers of unlabeled samples

Tehr A KL P./% P/ % P./%
1000 85.39 86.37 84.10
2000 87.72 88.45 87.14
3000 90.87 91.30 90.18
4000 91.52 91.87 91.26
5000 92.15 92.42 91.19

HIE 2 Al 1, TEA AR SEREAR B DS UL T B
2 5 Tri-training Y| 2k 19 Jo bR B FEA KB B4 0, K
PIFRZEREA I AN SR, 153 BN AR R G S Fa
PERY DAL P RE B 2 i, BB 2 AL RE 1 R I .
32 HEFELARBEMNESL

N T i — 2D B EAS SO B S I, X AR IR
AR AT IS BT Il R G AL A 1251 Z% )
28,2005 ZAi AR 235 AR TR AR 125 B R HLL
A, FB T AU B R RS DL U AR A SR
fik o FH PSD-BPA i AFREAT (5 H , BB = M4k
SIS R A T RS 500 KV HS A 2 LR A K 1Y
25 % Kb, B BERF S [E] 2 0.1 s, DL ZE i i T oy
HERH AT 5T 3, AR A6 000 A ARZEREAS , I3
TV TSR A B 10 000 S TR BAEA

W AR SCHERL 5 SVM | SSAE FR 10 iE 47 306 H
AL SRR % D R D2 iR . W & 4 0.70, Tri-
training AR B KAB R 20, FEHLHHEL 2000 41~F
PRAFEALE IR , R FEAR O 2Rt . 3R 3
2T ORI BRI A AR A B Y PTA TR 1
B BB HAR VTR AN S DR D3 R

#3 ERREMEMEHITEERE
Table 3 Assessment accuracy rate of a provincial

power grid in East China

= . P /%
ARERAR Tri-training-SSAE SSAE SVM
500 91.62 84.10 78.39
1000 95.14 90.71 83.82
2000 96.83 93.42 87.94
3000 98.15 95.49 91.09
4000 98.72 96.53 93.26
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o8 3 B I ) R B A (13

P 26 3 ) S0 L 6 bR 25 I R A B0 ] ) 17 1
T A SCRE RIS AT e A Fe B0, A TR 14 R B o A A 45
A B 1G0T £ T, UG bR A AR ARG #4000
i, R SR I 5] 98.72 % ; 5 A FREEFEAKH 500 1,
SV M AR (1 HER SR AV K 78.39 % , IR MEXT RGBT Bk
& 5 A5 HEAT IE A 09 H KT, A A T SSAE B 5 SVM
BRI AR S 1) Bff 2R 53 B2 T 7.52 % . 13.23 %
PRIk, B 7 OSSO A I 400 T, A SO AU A B 4
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Power system transient stability assessment based on Tri-training-SSAE
semi supervised learning algorithm
WEI Zhin()ngl,LI Chaofan', DING Aifei*?,SUN Cuoqiang',HUANG Manyun',
ZANG Haixiang',FANG Xicheng®
(1. College of Energy and Electrical Engineering, Hohai University,Nanjing 211100, China;
2. NARI Jidian New Energy(Nanjing) Co.,Ltd.,Nanjing 211106, China;
3. NARI Technology Co.,Ltd.,Nanjing 211106, China;

4. Yangzhong Power Supply Company of State Grid Jiangsu Electric Power Co.,Ltd.,Zhenjiang 212200, China)
Abstract: The transient stability assessment methods based on machine learning mainly use supervised
learning method, in order to solve the problem that it is difficult to obtain the labeled samples needed by
supervised learning method, a power system transient stability assessment method based on Tri-training-
stacked sparse auto-encoder (Tri-training-SSAE) semi supervised learning algorithm is proposed. A transient
stability assessment model based on stacked sparse auto-encoder (SSAE) is constructed. The pseudo label
sample confidence judgment is added to the traditional Tri-training process to reduce the impact of noise
data on model training. The SSAE is taken as the base classifier,a Tri-training-SSAE model is constructed,
and a large number of unlabeled samples are used to improve the generalization ability of the model. The
analysis and verification are carried out through IEEE 39-bus system and a provincial power grid in East
China,and the results show that the proposed method has higher assessment accuracy rate when the number
of labeled samples is small.

Key words: transient stability assessment; machine learning;semi supervised learning; Tri-training algorithm;

stacked sparse auto-encoder
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Table D1 SSAE model parameters of IEEE 39-bus system example

24 SSAE; SSAE, SSAE;
PN i 4 156 156 156
SR CEEVTH [128-64-32] [128-64-64] [128-64]
it A 2 2 2
Mg p 0.001 0.005 0.001

ML IR o 0.01 0.01 0.01

* D2 RFEEMERIR SSAE RESH
Table D2 SSAE model parameters of a provincial power grid example in East China

ZH SSAE; SSAE, SSAE;

WaZMZ G [512-256-128-64]  [512-256-128-128]  [512-256-128]

WS4 p 0.001 0.0005 0.0005
g HALE o 0.01 0.01 0.01
TR ZRIREL 200
TR R 500

#* D3 ERFREAMBELITFHER

Table D3 Assessment results of a provincial power grid example in East China

HREHAE oAt VWM R St SV
500 91.97 84.63 79.13 91.21 83.72 77.25
1000 95.82 91.56 84.41 94.29 90.14 82.06

2 000 97.04 93.87 88.73 96.32 92.93 86.42
3000 98.72 96.13 92.85 98.15 94.37 90.13

4000 99.15 97.81 94.53 98.26 95.62 92.71
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