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Fault Diagnosis in Distribution Networks with Distributed

Generation Based on Improved Graph Neural Network
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(School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China)

[ Abstract |

ergy sources reduce the effectiveness of traditional fault diagnosis methods. A fault diagnosis method based on an improved graph neural

The weak fault characteristics and the presence of numerous harmonic signals in distribution networks with renewable en-

network was proposed. Wavelet transform was applied to extract the detail coefficients of current and voltage before and after faults.
Weighted projection correlation analysis was performed to calculate the correlation between electrical quantities. Highly correlated quan-
tities were selected as inputs to construct the fault diagnosis model using a graph neural network. Fault simulation models for different
voltage levels were developed in MATLAB/Simulink. The results indicate that fault signals are effectively enhanced, and faults are ac-
curately located and classified in distribution networks with renewable energy sources at different voltage levels. Good diagnostic per-
formance is maintained in the presence of data loss and noise, demonstrating strong robustness and generalization.

[ Keywords] fault diagnosis in distribution networks; maximal overlap discrete wavelet transform; grey correlation degree; weighted

gray relational projection method ; graph neural network
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4 H 1T R AN A B A ] (Graph) 12 G = (V,
E) \HA vFERRTAES ERRBES, ERIE
PREH, E AR RE Loy

L=D-A (5)
K (5) 1. A RABEHERE , 3278 25 T 22 8] 1) S8 4%
FF L EMABNISTE N 1, NN 0;D Jy %t £ BESE
R X FICER A5 A IO 09 B, B 592 10 e Bk Y

TS A,
FESLIEA e OH—fehr S H 8 e L oA
L=1 -D7AD~ (6)

K(6o)Hr. I, MHANLFE, X LSR5 R AE 53 i S £
1k, A
Lu, = \u, (7)
L = UAU" (8)

K. U = [y ,uy,nyu, ] 3 A = diag([A;,4,,,
AL o

TEMCEER b SR HL 22 oy

x =U'x (9)
K (9) Hx WSS x WG S, B
P A5 8 AR R R i) e Ay i R B, o 181155 5 DA T
SR RS

B B S AR G0 4 AR 22 I 2% 1 AR 2R AL, RIHE
BIR TG B 5 AE e bE — A U8 2%, B BUE
LIS

x#gy = UL(U'x)O(U')] (10)
A (10) H.x Fly ¥R TS5 S ; © & Hadamard
o+ HEIEG; Uy idsliEugkds, 2 U0'y =

[0()7017“"0n_1:|T ,#%X%*ﬁ& gg = diag(@o,
0,,,0,.,) U
x*,y = Ug,U'x (11)

1) K e B A e 55 [ S FRZS Aok, (5
IWAFAE—BEBRE  Defferrard 25" FIFHYI HL T R £
AN g, PEATUT IAL FR , Kipf %51 75 5L Rl | 42
eI AR 2 M 45 B

x#, = (I, + D"?AD")x (12)

W1, + D7 ?AD™? I—AkJg D™ 2AD ™ Jr

A = A+ 1, TSR ERMZ R  EEBUZ I
Z = Relu[AXW'? ] (13)

R(13)H: A = DPAD™? X Ity AR AR W
SUE T BB  Z R G5t BURAE S 1 h
B s Relu 935280 SR

R 2 B3, 5T P i 26 ) 4% £ . T i s 38
A6 JEfS T F, O 54 T4 I 2 7 174 408 0 e
VKRR B 1 A A AR AE 200 2 AR (1

6 J
)
)
- @
9
LN

P2 Pl 0 245 e i o 45 4 7 T A

Fig.2 Schematic diagram of fault location structure based on graph neural network
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