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Abstract: [ Objective ] Aiming at the problem that the
existing methods for detecting faults in flexible DC distribution
networks have low accuracy and high cost of acquiring fault
signals, this paper proposes a fault accurate detection method
based on the Transformer algorithm and the generative
adversarial network ( GAN ) fusion model. [ Methods ]
Firstly, the effective modal components of the preprocessed
DC distribution network fault voltage and current signals were
extracted by adaptive variational mode decomposition method,
and the effective feature vectors were extracted by Transformer
algorithm. Then, the GAN model generator was replaced by
Transformer algorithm, and the TransGAN deep learning
model was established based on it. Finally, a simulation
model was established based on Matlab/Simulink to verify the
effectiveness and accuracy of the proposed method. [Results]
Experimental results showed that this method has significant
advantages in improving fault detection accuracy and reducing
false alarm rate. Compared with the existing detection
methods, it has higher fault recognition accuracy and stronger
generalization ability. [ Conclusion] The proposed method
achieving higher detection accuracy, the required data set size
is smaller than other methods, which reduces the data
acquisition cost and computational complexity, and improves
the practical application value and engineering feasibility of
the model.
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Fig.1 Typical DC distribution network topology
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Fig.2 Typical out-of-zone fault circuit diagram
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Fig.3 Typical in-of-zone fault circuit diagram
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Fig. 10 Adaptive VMD signal processing results
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Fig. 11 ACC and model loss graph for different Epochs
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Fig.12 Confusion matrix for fault detection

using the proposed method
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Tab.7 Main parameter settings of each method

Tk FESH
SVM W RRECH A A R TS R =15
Bayesian T g 28 4540 TR IR T B 10U 4k 4 22 4 A%
ANN B2 £ 3, BT PR AL sigmoid , % 2] 3 Le-5
CNN BRI RN 3x3, i BB ReLU, % 2 3% 5e-5
Bi-LSTM MZITTAH 64,5 2% 0.1, H AECH Sy 500
CNNLST CNN: #:%Hfrzjw\ 3% 3, i PR AL sigmoid ; LSTM ;
MZITCAE 64,75 T 3K 0.1, M HYELH S 500
Transformer L=6,h=6,4il 450 d, =32

x8 HBIBRAXRRABER

Tab.8 Experimental results of the compared methods

BR7EiEtD
Tk
ACC PRE Recall F1

SVM 0.8956  0.8896  0.8615  0.801 1
Bayesian 09056 0.8947 0.8701  0.899 7
ANN 09109  0.9004  0.8843  0.9012
CNN 09212 09203 0.8991 09342
Bi-LSTM 09268 09256 0.8976  0.9337
CNN-LSTM  0.9481  0.9447 09101  0.960 3
Transformer ~ 0.9523  0.951 1 09022  0.962 6
KSR 09633  0.9721 09203  0.9813

FH 2 8 AT, A SCHr it TransGAN BLHYAS I 7
LA 48 bR 2 9 00 T oAb Lo 8070k, Hevh
ACC {E°M 0.963 3 .PRE {H & 0.972 1 Recall {6}
0.920 3 . F1 {H ) 0.981 3, Zhinl L4 7 kP
FabR , TREE 2% 2 A Tl > O i Wlds 7 >
J715H Bayesian WZS RSO T SVM Jrik

Ry AT PEAY S B AL AR SCAT 2 TransGAN A5 7Y
R 7 ik B PERE SR AUC &1k 7 Fh EL il 5
ASCA R BRI MR IR A5 R AN A 14 FR

B 14 JHi75ER ROC Bk

Fig. 14 ROC curves of each detection method

FE 14 AT 50 A SCHE HY Y TransGAN A5 70K
MJ7 2 AUC B B, A6 ISR AR L T H Al 7 12
AL,

ASCIFEE R VMD e AR AR 5 4
fil, 255 GAN Az BRI fifp BRATEAS AN 2 TR) L, 3]
FH Transformer (1) B J7 2245 05 94 46 1 Ao T A% B2
HHEE CNN, A R R SR BURE ) 375 5 5 LSTM AH
O, IR, BB REAT A0 S AR IR G
R, AR Tt 5l AT, & M 3 T

R Y EAS SCT7 VR R SR AR | 3 i e
A INETEA B L L HI ACC EZZALTE L,
i 15 fiR .,

B 15 |KWAE ACC EREEIELL G
Fig. 15 ACC values of various detection methods

vary with the proportion of data

TPl 15 RIS SO 2 6 B0HiE e A 5% Bisf
ACC fHELIA 0.812 3, 3 ft F HoAth Iy v 5 24 854 tb
B35 2] 60% J5, ACC {HARE FF 0.963 3, K iE T
GAN S5 R X B A dsi v ) S 35 A . &1 16 X b
T 6 R IR EE A 2 BRI st ], Horh SVM
Bayesian MZ5 R MERE 22 IE KA S 5 LR, 45
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16 HEBRIIZATE
Fig. 16 Training times of each model

WIRARSCNEET AR ERFERA L

i 16 W] %, Transformer A% 7Y )l 25 B+ [R] B
K, N 73.022 s ARSCT7 980 GAN XTI S5 Ak
A [ o SR B A0 A A 20 2 50 e A AR 15
ARG, VIR Rl e, h 47.03 s
3.6 REESH

E @S YN RITEE €1 S NN (B e
B, A AT UL AT, DLRAIEA S5 ¥
MIFSETE . TransGAN A5 AU FE A [R] B 48 1 Ak
B aE R 17 Fis

B 17 AEHIEE G R a0
Fig. 17 Impact of different dataset proportation on

model performace
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4 5iE
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2 [ HER 32 B ; Transformer XJ 40 BLS 1915 5 52 W
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Transformer 572 B2 8 GAN # #U A= pl 2% 2 7 19
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