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Abstract: With the continuous access of high-proportion renewable energy to the power grid and advancing of power
electronization, power systems are becoming increasingly complex in structure, which threats of systems’ stability. To
address the poor topology adaptability, difficulty in learning instability samples, and long model training time of the
transient stability assessment (TSA) method based on artificial intelligence (Al) , an ensemble TSA method based on
Spatial-Temporal Attention Mechanism, Graph Convolution and Long Short-Term Memory Network (STA-GLN) is
proposed. A power system simulation model is built, in which different line faults are set under three topologies, full
connection, N-1 disconnection and N-2 disconnection, and the original sample sets are obtained. The TSA method based
on STA-GLN shows stronger adaptability and accuracy to the variation of the system’s topologies. Then, Adaptive Boosting
(AdaBoost) and transfer learning are integrated into the multi-task TSA model based on STA-GLN, which reduces the
false judgment and accelerates the response speed of the model. The effectiveness of the method is verified by the
simulation analysis of a New England 10-generator 39-node system.

Keywords: power system; renewable energy; transient stability assessment; Al; ensemble learning; transfer learning;

multi-task model; power electronization
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Table 4 Sample sets with different input characteristics

FHIE . WA RRE A% REA
4 M WeRE OB OE M

1 39KBLNEERESHA 78 5 390 5000
2 AKAEWLA T EThIR 68 5 340 5000
3 K HALEEZE FL R R 10 10 100 5000

A7 LT LSTM ) TSA AT b R Bsf e 4 i 4
HEAT PEAS 36 3IE , BUAS R AE 48 11 80% #E AR A A Il 5
£E,20% FEAAE IR A5 B PRI F fH, WLER S,

x5 TEHHEENITHER

Table 5 Assessment results of different characteristic sets

) VA5 b
FRHIE 4R
P, 1% F 1%
1 94.57 95.33
2 94.15 94.54
3 93.62 94.20

Fr 28 5 0T U, SR FH AR S B H 1 A £
FRAEDEAT TSA MURICR St o XF HLRRAE4E 3, AR SC it
FHERRAEEE 1A 55 A0 R L v [ o 41y, $2 7 T
DAY () PEAS PERE ; XF LA IR AR 2, B I S5 R G
SUHRANE R G ZR 0 B, SRR 4 H e M (AT AR
A LLER AT T TC D D Sy A B, Ny B ) 5 S
() 2 A~ 4 5 119 S B Al B 25 ) AR S BB R AE
£E 11 TSA I F 4

PRI, 3 5 B 288 H s s 50 R AH 7 A Sy Bsf ) B
AR LR I, 2% 52 [ 2 B h 4 N 2 6 R X
I R AIE R 52 10, B 805l R 1 X0 3 285 o 8 ) R P A
IR TINAREC AT, S B R A A PP AL PR BE , SE
FrFDA A 0T S0 A 1 TSA
3.2 STA-GLNREETHE R ERES T

R T T B E AR N AR AR 3E 1 R T K
J b B s B TR R ek 6 TR BB . A 34K
PEAE 4T ZAMBGR A FEAS | A5 5 IR AR 420 1] L A1
) —S0E  F5 R 20 12 LAY L Bk TR A 8RS D

SA-GCN 5 TA-LSTM 14 % 26 J22 54 45 Fic A [R)K¢
B2 STA-GLN BRI PEAG M RE . AR 2
BORE LY STA-GLN 414 I 25 I K4 4 A vl i
1/3 BEAS B0 V0 A7 B0 G TSA PERE I , B 58 36 T
STA-GLN 1Y TSA BRI A B L4510 o A R 2 8046 T
) STA-GLN BRI RE L 7,

R6 ATHBEENRESKRERXS

Table 6 Stable and unstable sample partition of four data sets

A(2FEL) 2436 1235 3671
B(N-1#ik) 1517 958 2475
C(N-21Krk) 845 755 1600
DT JEARER ) 1249 757 2006

R7 TEEHEBK STA-GLN R 44k
Table 7 Performances of STA-GLN models with different layers

SJ;;’%N Tj;,‘ g%M P./% P./% RJ%  Fl/%
1 1 96.72 9821 8871 9322
1 2 8852 8542  66.13 7455
2 1 97.95 9831 9355 9587
2 2 98.77 9836 9677  97.56
3 1 9590 8824 9677 9231
3 2 9754 9516 9516  95.16

H 22 7 7] L, 24 SA-GCN Fl TA-LSTM X 2% |2 %%
98 2 B, STA-GLN £ 5Y %) TSA R fe b o BLRT,
SA-GCN £ 45 ZCR A ¥ D 25 46 FHL SRR AE 1Y A 3
T SEE T e R Y A PR RE TR

TEATE RS 5 8RBk TR DL T, Sk
ASCHRE H LT STA-GLN [ TSA B [ 3EA 3505
1B T 21 A STA-GLN A5 7R fity ) 28 25 48 AH I )
TSA #i A | 40 $5 GCN, SA-GCN, LSTM, TA-LSTM,
GCN-LSTM, K Bdli % A, B, C,D DL 6:2: 2 (1 Ho 5] 43
TR YN ZRAE B uE 4 A AR | FEA T e XS LAt
X 2R L 8—11,

RS FEHMEEHIREA FHMEERD

Table 8 Performances of different models on dataset A

FiA P,.J% P, /% R /% F\/%
GCN 89.24 93.55 96.67 95.08
SA-GCN 93.72 95.93 98.33 97.12
LSTM 94.17 95.22 99.58 97.35
TA-LSTM 95.52 98.32 97.50 97.91
GCN-LSTM 96.41 99.57 97.08 98.31
STA-GLN 97.31 99.58 97.92 98.74

R FRERBEHIFEEB EHERERT

Table 9 Performances of different models on dataset B

FELY P, J% P /% R /% F /%
GCN 88.28 89.50 96.24 92.75
SA-GCN 92.89 96.17 94.62 95.39
LSTM 93.72 93.85 98.39 96.06
TA-LSTM 94.14 97.78 94.62 96.17
GCN-LSTM 94.56 96.76 96.24 96.50
STA-GLN 96.65 97.34 98.39 97.86
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Table 10 Performances of different models on dataset C

T P,.J% P, /% R. /% F /%
GCN 78.12 94.74 96.00 95.36
SA-GCN 79.69 94.77 96.67 95.71
LSTM 81.25 95.39 96.67 94.77
TA-LSTM 82.81 96.64 96.00 96.32
GCN-LSTM 84.38 95.45 98.00 96.71
STA-GLN 87.50 96.71 98.80 97.35

F11 AEEBAEHIEED LHERERI

Table 11 Performances of different models on dataset D

B P, J% P /% R /% F /%
GCN 90.41 94.08 96.62 95.33
SA-GCN 91.10 94.70 96.62 95.65
LSTM 92.47 95.36 97.30 96.32
TA-LSTM 93.15 95.39 97.97 96.67
GCN-LSTM 94.52 96.67 97.97 97.32
STA-GLN 96.58 98.64 97.97 98.31

X} EE 3% 8—10 Il ZE W 2 Bl 42 B Fl C b, A
SCHE A STA-GLN AR UK SR X k36 vh 2 30
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P4 5795 S R IE () 52 4K OB, RI2S [R]RRAIE 5 I P R AIE
R BRI

F 11 A] 0, 7ETR 5 B 48 D b STA-GLN 1Y
PERER I S E LB AMHZEAR K, P, 5%
96. 58% , F {H N 98. 31% , & IR 5 5 13 1] 5 () - Ay
TEOLECGS o F AT UL, X A 2R AR AR 11 2% 2] fiff STA-
GLN A7 33 57 1 4= 1T (9 0 F 25 4 R A1 (25 ] REAE )
55T SR SERHAE (I P RRAE ) AR A DRI, 78 40 31)
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[EY/5aN
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A HEST ZAT 55 AR . (155 1 B S ffasE
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TRERBEEITAMP, P RAF ., 52
(14 25 L R AR TR DA o 2 AR 28 3 5 In) T, 285
Sigmoid 175 PR FAL BLS 15 3] 68 R G0 R R
FE SR FRAY m AEAE R, o B — S X R G i —
AN TS5 2 OB AL L O BB S TR
B —RE, PR B AS R R IR e A5,
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F12 HB—STA-GLN&E 5&M STA-GLN 2
TEBEXTLE
Table 12 Performances of mono-STA—GLN model and ensemble
STA-GLN model

o Pl i 4E U”giﬁ?ﬁﬁ;ﬁ
P I% % PI% % ES et
go.grA- 9570 9150 9456 90.69 40/~ epoch
GLNZ{T4 96.65 93.14 9548 9248 50~ epoch
TSABEL 950 9189 9451 9105 607 epoch
99.18 96.77 9877  95.7 STy
%ﬁ;&% 9836 94.66 98.25 94.00  8T4Rene
TSA K 9791 93.89 9677 93.15 10 T4rAAE
96.54 92.68 9572  92.07 15Ty

iy 26 12 AT, B — STA-GLN 24T 5545 U i i,
o, YR 50 4> epoch B, 81 fiE 46 # e
P, 76 R A5 i AR A s o R B D 13 i =
15, M ZAT 55 PEAL FR AR B ARG &L, an 18l 7 Fi i .
gEAF 12, A STA-GLN BERIgE Ay v | 740 252 8K
O ST, TSA PERE A e ft . Je 25 AR S X
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STA-GLA T-/3JEasdie:
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Fig. 7 Evaluation index of the AdaBoost—-STA-GLN ensemble

model composed of different estimators
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FRMG DT R FER ) o XoF b AR | AR SCHE MY A5
UL £ D REARSE P Y R B AL, E AR,
AdaBoost-STA-GLN £ 1T 45 ¢ 4l # & ) P, K
98.76% R, N 99. 58% , R BIZA AL REAS A 218 &
G A L R TP ) f R R R R A T TR
BEARLEB, CH, &AL MERE SR bR 38 A Ir F %,
AdaBoost-GCN #§ #r T B 5 S W1 0, A SC 42t i
AdaBoost—STA-GLN 4E Rl A5 RIAJh BE 4k 548 0 HEA 7Y
TSA. £ 10 P, A5 FRET 1.26,3.25 B4
BATS 2B JEACTRE T 1. 14,3, 14 H 40 455 1Ah,
Xf HE B — STA—GLN A5 78 (1) iy 28 A< 5 | AdaBoost—
STA-GLN G P, 2 54T+ 1 0. 86,8. 02 F
43 15, B AdaBoost—STA-GLN & R A5 78 11 2% ) fiE
JIRTRR EERH ARRAE 9B SRR RS I IR A
13 FRBHERAEA PHEEEERDT

Table 13 Performances of different models in sample set A

11551 11552
Fi

P.I% P.% RJI% Fl%  J%

AdaBoost-STA-GLN ~ 98.77 9832 97.50 97.91  95.70
AdaBoost-LSTM 9754 9728 9624 9676  94.55
AdaBoost-CNN 9731 9830 9677 97.53  94.35
RF 96.86 97.83 9677 97.30  93.67
AdaBoost-DT 9655 9628 97.08 96.68  93.38
AdaBoost-GCN 9582 96.17 9462 9539 9277

R14 ARERBEREREBHAIERERI

Table 14 Performances of different models in sample set B

o L5511 1:55 2
P /% P,I/% R% FJ/% J1%

AdaBoost-STA-GLN ~ 97.51  97.11 97.92 97.51  94.56
AdaBoost-LSTM 96.65 96.64 96.00 9632 9327
AdaBoost-CNN 96.58 96.62 9533 9597  93.10
RF 9521 96.03 96.67 9635 9257
AdaBoost-DT 9456 9539 96.67 9477  91.35
AdaBoost-GCN 9247 9470 96.62 9565  89.68

F15 FREEBIZEFERE CHRERERN

Table 15 Performances of different models in sample set C

HF51 552
TR

P /% P./% R [% Fl% J1%
AdaBoost-STA-GLN  95.52  97.28 96.62 96.95 92.56
AdaBoost-LSTM 9247 96.17 94.62 9539 91.40
AdaBoost-CNN 91.78 9539 96.67 96.03 91.25
RF 91.10 9557 96.62 96.30 90.77
AdaBoost-DT 89.24 9533  96.62 95.97 88.78
AdaBoost-GCN 86.55 94.67 9595 95.30 86.55

R16 TREEBEHAKERHERERI

Table 16 Performances of different models in sample set E

f£55 1 1152
8
P, /% P./% RJ% Fl%  JI%

AdaBoost-STA-GLN ~ 9836 9876  99.58 99.17  95.50
AdaBoost-LSTM 9731 9838 97.85 98.11 9425
AdaBoost-CNN 96.86 98.32 97.50 9791  94.18
RF 96.41 97.85 97.85 97.85  93.37
AdaBoost-DT 9540 97.83 9677 9730  92.86
AdaBoost-GCN 93.72 9628 97.08 96.68  91.54

h T X H AT 55 1R 2% 0k L A IR Y ) TR
A, BT R IR 5 1, 1T SR A TR 4 RS B A R
AL E A EACIUIZE 5S0epoch ITFERS K, IR 17,

F17 AREEBEIIGREFC

Table 17 Training time of different models s
Ay UENSES
AdaBoost-STA-GLN 112
AdaBoost—=LSTM 155
AdaBoost-CNN 105
RF 127
AdaBoost-DT 130
AdaBoost-GCN 133

M 2 17 0] UL A AR R Y1 25 5 3 R, AdaBoost—
CNN #5 R 25 i < B 4, O 105 s, A SCHR Y 1Y
AdaBoost-STA-GLN Z{T: 55 15 £ {L X T AdaBoost—
CNNAEA YIGIF KR 112 s, BETEREREE DK
LR AL P, R JE AT, AR SCHE Y AdaBoost—
STA-GLN AT 45 465 70 1 TF A% v A 1 A Bl v 2
TS T XU A 2 Ml e 20
3.4 BESTSAKEBTHRL

P Bi— STA-GLN #5  AdaBoost—LSTM #5741
AdaBoost—-STA-GLN £ 4T 55 #5544 )2 4 1E 47
AT REHLIL &Rk A (t=Stochastic Neighbor Embedding,
-SNE) B4t )5, 19 2019 73 2 85 R n1E 8 s . Bt
i 1 3 F AdaBoost B9 5 Rl 2= > O U SR T
STA-GLN #5571 {4 432 VE R, o 51 8 X IR A B AR 2 31
FINEE A5 8] T 3 — ST R R AR IR AR
AN R AT SR E ARV A R B

FEXE S5 2 B8 A L RS MR PP Al 45 51, 76 R
IR JERE AL Hp AT 3 2 SRR HE AT +—SNE B 48 n] 1)
b, B AEAS RS 19 S 5 R R AU AL B 9 PR .
FEAC 1 o5 45 26,28,29, 38 A AR i, Y T4
31 B XN, AR i 22 AR G I B 450 5 T
FEFEAR 2 R G0 IR AR T SR ARG O, A6
R &M e N 1,2,25,39, 55— Lk
T RIIRAR S AR A B
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Fig.8 Two-dimensional feature mapping after t—-SNE

dimensionality reduction
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Fig. 9 Distribution of sample nodes with voltage instability

oM A AT S R = R E & I S S S R ]
STROIN 25 R i A S BR ELAE R ) R G Fh 2
P A5 20 & 10 B R 5 0 A X a4 40 445

HE ORI AR L, RE R BB SRR
K HLAL Gen9 2k L[R5, FHOCIK Y 38,29,28,26 19 41
Pei R, AT 55 BT 55 2 PPl 45 5 5 0 11
S5 L1 DX I 4 — 350 AR AR 2 A B T RIRE A RIR
FE B A SR 4 AdaBoost—-STA-GLN Z4T- 45 P-4k #65
RIBE A 3030 43 22 B8 10 0000 R A DX 35, AT 4 il o
DUEFT BB s R AR AN B R G R e M T % .

10 — Gen8

31 % 32 34 33 36

Gend Gens Gen7  Genb Genl0

a FEA 1 XI5y

a Partition of sample 1

Gen8

]
gtk@

b FEAR 2 X3R5

b Partition of sample 2
E10 {E% 21445 RIIE

Fig. 10 Evaluation on assessment results of task two
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Table 18 Anti-jamming capability of different ensemble models
50 dBMERTFEALE 30 dB MR REAAE

P.I%  J%  P,%  JI%

PP

1 AdaBoost—=STA-GLN ~ 98.20 95.30 97.67 94.75
2 AdaBoost-LSTM 96.85 94.00 95.40 93.10
3 AdaBoost-CNN 96.40 93.75 95.17 92.717
4 RF 95.52 92.46 94.34 91.56
5 AdaBoost-DT 94.17 92.18 93.40 91.49
6 AdaBoost-GCN 92.38 91.34 91.52 90.64
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Fig. 11 Generalization capacities of different models in two

plans
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