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Abstract: To identify the critical topological structures and features influencing transient stability
and to enhance the causal modeling capability and the interpretability of model decisions, this paper
proposes a causal-inspired edge-featured graph attention network for transient stability assessment of power
systems. First, an edge-featured graph attention network encoder is constructed to jointly extract
node and edge features, and the grid graph data is explicitly decoupled into a causal subgraph and
a non-causal subgraph using node and edge attention masks. Next, an unstable generator
identification task is built in parallel on the causal subgraph to impose implicit causal constraints,
ensuring that the causal subgraph contains the critical nodes and connecting edges associated with
instability. Then, causal intervention and contrastive learning strategies are introduced to
eliminate spurious correlations caused by non-causal features and to enhance the robust learning of causal

features. Finally, the loss terms of each part are jointly optimized, and the causal subgraph is utilized to
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achieve accurate transient stability assessment and identification of critical unstable generators. Simulation

and test results on the CEPRI-TAS-173 test case show that the proposed method achieves a transient

stability assessment accuracy of 99.01% and an unstable generator identification accuracy of 98. 07 %.

Furthermore, the incorporation of causal modules improves the F1 score by 3. 69 percentage points,

demonstrating the superior assessment accuracy, robustness, and interpretability of the proposed

method. The research findings can provide a reliable basis for decision-making in early warning

and emergency control of power systems.

Keywords: transient stability assessment; graph deep learning; causal inspiration; identification

of unstable generator; interpretability
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Fig. 1 Schematic diagram of structural causal model
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0.010 98. 07 98. 31 97.98 97.28
0. 100 98. 88 99.01 98. 37 97. 34
0. 500 98. 46 98. 64 98.18 97. 31

3.2 BTG MEEERTEE

kT B UE AR ST B T 1 A A5PE R TR P g
FEAH 7] B 4 R A S R, 43 i R DT SVM,
CNN, LSTM, GCN, GAT. EGAT., MS-GAT,

zkxb. xjtu. edu. cn

CI-GAT 9 A 7Y #5 i 87 25 F2 8 PP Al B AL, 5 AR 3
CI-EGAT BRI #EAT X I, Hor . DT e SRR 19
KGESEHy 103 SVM H A% R B5CR FH A% 1) ik o 430, 78 3]
PO E N 10;CNN BRZ RS 2, LSTM £ )2
2 TR BN 128.64.16; GCNLGAT . EGAT A
MS-GAT M4 &5/ 4 & 3 2 HEE R EUZ . i 7
bk 2k 15 B 4 R AR AE 5 25 CIFEGAT #55 #A
[ 197325 2% CI-GAT ¥ CI-EGAT BRI i ] T 451
EAR EGAT EE#H A GAT )2, Bk CILEGAT #
RUGR A X L 7 3% 34 T B A AR A, n] 8 R &
HL AL RRUIR S TR BT 55 . X HE B AL 2R T Adam fI
EAF N2 A5 B MRS RN 2 Fros . HRFT A,
MR TF HABA AL, 50 DT il SVM HL s 24 ) 5
EIRE AT B, IR 2 5 B T IR 19 R AE 4R IR
I3 B 2 S B CNN AL LSTM A9 4% 300 0F 41y 45
FIEL] 45 285 T X R G FMNRAIE 19 RO A, [ IR
BE2F 2] Bk ik — 2B B R T OB AL PR A M REs B T
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CI-EGATHEBIAE TR B gl A T 3 R ik S 5 2R
KRB, Z T 48 br AR e AR . 28 B A
Jrt CLEGAT #ERI 7857 % 18 T B A 2 WAk 5
R AL TEUNAE 55 [ 1 PSR SC BE 3 ok o = R AE
P AT R I A ORI PR SR R AE L S B TR R g
EHE7 1 N

%2 FRRMA 3 CEPRI-TAS-173 £ %69 iF 4

%R
Table 2 Evaluation results of CEPRI'-TAS-173 system using

different models

BER L/% L/% L/% Ia% L%
DT 94.46 96.69 94.88 95.77 94.37
SVM 93.88 95.90 94.96 95.28 93.62
CNN 96.48 97.69 97.12 97.34 96.28
LSTM 96.32 97.38 96.93 96.88 96.13
GCN 96.89 98.31 97.81 97.59 96.62
GAT 96.91 97.78 97.54 97.64  96.97
EGAT 96.99 98.31 97.64 97.98 96.90
MS-GAT 97.90 98.35 98.56 98.42 97.87
CI-GAT 98.76 98.56 98.81 98.69 97.98
CI-EGAT 99.01 99.54 99.16 99.36  98.07
3.3 BEATRLSH
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Fig. 5 Visualization results and power angle trajectory of

sample 1 under single unit instability scenario
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Fig. 6 Visualization results and power angle trajectory of

sample 2 under multiunit instability scenarios
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Fig. 7 Visualization results of -~-SNE method
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Table 3 Comparison of CIFEGAT model evaluation results

under different loss functions

it K% pR AL L/% 1./ % 1,/% In %
ED! 99.01 99. 54 99. 16 99. 36
VE 97. 87 98. 07 97. 87 97. 98
EE 98.01 98. 41 98.03 98. 21
LEX! 98. 21 98. 56 98. 12 98. 36
TS 95. 56 96. 23 95. 08 95. 67
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Fig. 8 Comparison of evaluation results of different

models in new scenarios
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Table 4 Comparison of CIFEGAT model evaluation results

under different Reg levels

R /dB 1./% I % L%
40 98. 98 99. 04 97.78
30 98. 68 98.75 97. 32
20 98. 07 98. 21 96. 75
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Table 5 Comparison of interpretable fidelity under different
models
o LIE

k=10 k=20 k=140
SHAP 0.074 0. 307 0. 440
LIME 0.019 0.203 0.171
DT 0.178 0.299 0.503
Transformer 0.226 0. 448 0.552
CI-EGAT 0. 289 0. 480 0. 602
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