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[ Abstract] Aiming at the problems of anti-noise, anti-high resistance and complex threshold setting of traditional pole selection
methods, a fault selection method of flexible DC distribution line based on Res-BiLSTM network was proposed. Firstly, the original
fault signal was subjected to complete ensemble empirical mode decomposition with adaptive noise (CEEMDAN) , and then the recon-
structed signal was obtained by using the correlation coefficient and Shannon entropy for reconstruction. Secondly, the Res-BiLSTM
network model was constructed for the pole selection. In order to improve the network accuracy and the convergence speed, the channel
attention module was introduced into the split-attention network. The reconstructed signal features were extracted using the convolution-
al bidirectional long short-term memory and the improved split-attention network at the same time. The extracted features were fused
using the attention feature fusion module, and the fused features are classified. Finally, PSCAD/EMTDC was employed to construct the
model and to verify the proposed methodology. The simulation results show that the proposed pole selection method is highly accurate,
anti-interference, and independent of fault distance.

[ Keywords] flexible DC distribution network ; fault pole selection; complete ensemble empirical mode decomposition with adaptive

noise; neural network

ULAESK B ) B BOR R B AR R & R SRRSO H AR B G AR G R
JE& R RGP A G A TR AR AL, 2 R IRYA BT R, B RETE 1 e B A B S L
A xR R L L D (R RE P T o Ll AR B B RGRI AR R R, X 3 U T R P e
FUEE A M H s R al S vk BB R A AOMERR DU S AT — IR ER AL
Pl R G 5y T oA 2 PR A4 A 2R B IR AR A BUA BRI 75 R RIS, — I AT
DL, B N AMIF S i SR, e RS T TSR e Rk Oy — R R e
TRECHL M e — M FEJE S Bt R e, iR e s, ARGk WA i AR R DO

i B, 2023-12-11 fEITHE . 2024-11-15
EETA . WA RHITE H (2022YFS0518,2022ZHCG0035 ) s A T4 BE VU1 45 T 45 52 56 2101 H (2023 RY Y06 ,2022RZY01 ) 5 £l 5 B Ak 5
W% P 0 7 R R DU )1 48 e 1 R SRR EE TR H (2022 WY Y04)
E—1EE . B (2001—) , 2, DU, )N BAN B-EEEAE . DFFE 7 1) . etk ELREC L R 12 8, E-mail : 1320680121 @ qq. com,
CEIEEE. R (1980—) B 0UE, IR FEN T B . WH9E 07 ) ) RGP 58 RERE N . E-mail : 11305076 @ qq. com,,

IS MHE - www. stae. com. cn



2025,25(5)

FBHSC 45 T Res-BiLSTM %) 22 14 1 3 i F, I e [ 126 A 1955

NBRLRAP AT LA ARG AR AP X LR 5 25 52 52
SR I SR 2 68 R L W i L P R S
B R T 2 B RO I AR Mt A 52 2 R o
EZ Ll ES e WER R R R AU 2 IRV
RIS M R R R G RS SR T
A IR ORI (R 3P A TR RS A2 Bl IR
M52 RETIAN L, FEEBOR AP Y SR SIS I | T B T Xy
B DN AR A7 A A JE B 22 () ) L, 1 A 5 %
T L 288 3 A AR R R s, L R B
HLZR GG AN T AT IR I s 19 SRR AR SR AN AT I8
PSRN A SCER 12 ] — o 3 T 2k I T i
RNk e v R R ST NS TS AT E 9 S R7S
1 B, 00 i EL X S A A R ey 3 i SE A
MFEP R ZZBIFEM /N SCER[ 13 T4 ) —Fh gl & i
T AR TR BRI 22 S S P O 6 B
PR RRYE B BCA X SR T A2 fiE
FE s,

BRESE T B MR T g O ik |
RESA1: R T B3  B ARY g Z I  10% R000) h R R t JE
FREAE HLAE R ) S, HA TR G Bk it
ZRESEEGF, SCHER[ 14 ] 50 1 —Fh 2Pk H A
F, o g v REL e B U0 O 58, e BEL U B8R 8 (H
BAXS T 77 2 i BT REHEAT R 5T . SCHR[ 15 ]
P — AL T TR AE PR T TR B A ) AL Y O
T B —E Wbt E B AE 1, 1B i $2 07 125 1 H e
BORALE] 20 dB, SCHR[ 16 42t T —Fh B T2 655G
RGP AEAN 0 e BELT B R Ty 12, RE B AE D AR A
TSRS A% o 0 8 PR AEL AR BELIR B0 3 1 FOAR
FE o BRESAIEAE O M B I H YRR 2 W Y —
T35, A1 X032 W e (1% 2k 36 Pl BEL RN MR A Y T 1
B0, R SCERYRCR A

BEXF B R e A2 B 7 vk vh A Y R 3
Pt — B T 58 4 [ 3 W MR RS RS 0 i ( complete
ensemble empirical mode decomposition with adaptive
noise, CEEMDAN) A4 {5 5 F1 Res-BiLSTM [ £ (1)
FME RO IC L AR G R I T ¥ . T S e
R AR B (9 FL R iE 4T CEEMDAN 43+, R FH AR G
FHCN B AN 53 570 18 B TP Foe A S A A i 42 3
IATERLS St K AT 15 5 AL, DL RIS TR
S 5 SR 5 I — 16 J5 B A 5 5 A Res-
BiLSTM 45 R AT S IS5, 28 et an s < 78
I3 7 1 W 2% (split-attention network , ResNeSt)
BT 1B T A 1B ( channel attention module,
CAM) , 58 T ResNeSt P 2% (1) 4> Jay FEAE 42 B, 15 5]
AR B A 5 2 )RR A 1 2802 B 05 L, S B A ot
PRI 5 B P R AE , 51 A B K il

12 W 4% ( bidirectional long short-term memory,
BiLSTM) 45 , 3 51 A TE B 7R3 AE fill 13 4 (atten-
tional feature fusion, AFF) XJ i 55 5 1) 25 (R 4R 1E 5
I PR AR EAT R, i o 190 2% RS f 2 5 s, D
Adam AL AU BEALAS B T K37 2XA B8 R 454X
SR R AR Gl 07 BRI AR SO
T5 BTN BE T RS o % L FHLRE 7, HLAE — & i s
FIRAGOL AT REH A H S e

1 FREEREEMBHRINEE ST

¥ MMC-VSC MUl & i e 2 vk O Be i R 48
VERWFTEXT G, B FYR Je it sl | LT 2 A L
TR BRI A, AR ISR NI 1 i, S1 RS2 &
SETLHLIR , 48 MMC $ifi vl 5 B AR B AR, K &
FIELVR A far 28 VSC #e 3 5 B 2R AR ;11 ~ 14
JEHE A, BN BT K FL ~ F4 J2 AR 26 i ik
B ;A2 Heds T1 T2 BOSEA T 0 Y/ A e, R
W BRI AR S5 S s MMCI ) B 2 B 0 1E
WHRAE S, e IR L1 AR ES .

1 UL FL Y 1 R 0 5 45 D i B A U
PR3 SN AR B LA K R AR A, 3 B X B
LRI R AT A4, O R A PR B
HIC R XURRE i 66 A i DA R T2 I e 3 bl [ e iy | L
B B b R Y R AR AT R e B T R G e
PO b R A I ) SIS TR] N AT AT AE s AT, e
T B 5 SR FH ) 48 T 2 40 D 25 44 A G, TSR S
SR B T A [ I 5 A0 10 40 R T O B 1 A AR
LM A UK o 66 I 2 A O 53 B L 37 O ik 1] P
PG E T SR S IR, faE TR,

b p

g
S1 Tl il 4 I - })_(ij
S DC/DC [ i
= T MMCI 1, VSCl
F4 F2
L2
L4

Hi T2 52
i F3L3 NS
VSC2 il MMC2 L
TR

1 R B C FR I9 0 25 9 h i
Fig. 1 Flexible DC distribution network topology
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Fig.2 CEEMDAN decomposition of negative ground fault at F4
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Table 4 Comparison of different network models
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ResNeSt + BiLSTM + CAM 98.82
ResNeSt + BiLSTM + AFF 96.45
ResNeSt + BiL.STM 90.53
ResNeSt + CAM 88.76
BiLSTM 84.02
ResNeSt 75.74
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