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Fig.1 Structure of CRBM with pooling
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Fig.2 Wiring diagram of radial distribution network
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Fig.3 Error curve of reconfiguration
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Table 1 Results of testing samples
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Table 3 Identification accuracy comparison of single-

phase grounding fault with arc transition resistance
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Table 2 Identification accuracy comparison of single-

phase grounding faults with large transition resistance
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Table 4 Comparison of three fault classification methods

s DWEE RE/ %
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CG 180 100.0 100.0 98.3
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1% 4 AT UL, 75 10 MR TR, AT ik iR
) VR 23 g T SR 115 3R 6 ] v 05 3 g DU
ROCHAWERE. IFH, h TR TR 2
P, B B DR/ IMETE T ZEAR I ELAA B TC Fi 0 26 1A
JAAE 5 PR £ SCHER (6] T7 VA i 3 A BI(E AR R I
M s SCHRL LA AL &7~ 1Y 05 EE XS e b A7 4328
SR ARG A T N B E B (A R BRI, B R
A RS R (E B R PN T SR BRI e 436 5 R
HLE RS, WA 2= W 4 T ) 7 5300k i
PEVETEER2E . FIHTRIE 7 > FE AR IR A fiE
TE SR BB ARR AIE , BE RS A A0 O N TR T R o T
A 2H ) Jag BRI ot R A 2 2, EL e EL T AL iR
AR B R R AR AR

4 BENMESSZRAEST
AN E S SO R G s AT O R



(68} L/ AR {7 G-

®39%

st X L R 28 25 42 A A 2 R A 2, i —
K 0 T B BE T CDBN [ B 43 281803 Jr ik 1) 1z FH
R, 9K 5 0 95y A AU 1 D B 1 5200, - LA
It 3 552 o )5 S5 356 5090 G 30 A STk 8 S A
41 BEHERETARX

AR 2y DR AT R e i R R A
AR S BC HL R rhogRAS 1z T KR 2 iR
TAC P [0 [0 2455 18] 85 Ay 2 45 v M s 20 TR IR B e 7 =X
BAT, B IZL e v B (B 0.708 H, AL BHAE K
6.68 O, JHL 10 %oid #MEZ AT

T E P 2 R R RE R g F g, XA 3 5
BRI AR A i P P BEL A PR R 25 ) TR 1L A LR
132G b M ks A7 7 A 5 Y 648 AN INEAEAR
5T CDBN (s 3 2000 O i R A5 R L 5.

x5 HEPHEQEBTARNURER
Table 5 Testing results of changing grounding mode

T B e A7 MAREA 78 HEWR / %
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SE 3 Bl F GG F R A+ D R X 3T CDBN A R
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Table 6 Testing results of changing network topology

I 25 S5 K AR AR D DA 25 4 HEW/ %
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Table 7 Testing results of fault detection delay

K FESR / ms DR A HERIR/ %
2 2160 98.7
3 2160 97.7

H 2 7 T UL, 2 0 R A ) SRR RS S A R I e
Z03R TS Bl s B 20 B B 28 R g BT 2
3 AR T R B B R I R A R Ak B T
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Table 8 Testing results of DG accessed

SRR A DR MR/ %
F, 216 94.9
L, F, 216 93.5
Fy 216 95.8
F, 216 95.4
LK F, 216 94.4
F, 216 95.8
Bl 1296 95

T2 8 il WL, 43 A =R IR A AR SO 4R
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A3 A5 2 HEL YR 4 2 5 M) 2 8 78 {1 S A0 1) et 6 v
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Table 9 Testing results of physical simulation system’s

experimental data

Wb EREE Mo UE S FEAR IEHR
g M Ty MM/ o) B /Q B K /%
AG 0.100 60  100.0
BG 0.100 60  100.0
CcG 0.100 60  100.0
ABG 0 30 80.0
. ACG Az 0,45,90, 0 30 70.0
Wl gee s 135,180 0 30 100.0
AB 0 30 100.0
AC 0 30 100.0
BC 0 30 100.0
ABC 0 30 867
5818 390 95.1
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Fault classification method based on CDBN for distribution network

HONG Cui',FU Yuze',GUO Moufa',CHEN Yongwang’
(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350116, China;

2. Jinjiang Power Supply Co.,Ltd. of State Grid Fujian Electric Power Company,Jinjiang 362200, China)
Abstract: A novel fault classification method based on CDBN(Convolutional Deep Belief Network) for distri-
bution network is proposed. The DWPT (Discrete Wavelet Packet Transform) is adopted to decompose sig-
nals of the main transformer including current of low-voltage inlet line,bus voltage,and so on,to construct
time-frequency matrices. Then the time-frequency matrices are transformed into the pixel matrices of the
time-frequency spectrum map,which is used as the input of CDBN. Then the fault features are autonomously
extracted by CDBN,and the fault classification and recognition of distribution network is completed. Fault
classification test is carried out with simulative data and experimental samples of a typical structure distri-
bution network. The testing results show that the proposed method not only can extract obvious fault char-
acteristics with high classification accuracy, but also adapts well to the change of neutral-point grounding
mode and system network structure,fault detection delay and connection of distributed generation.

Key words: distribution network ; fault classification; discrete wavelet packet transform ;time-frequency matrix;

convolutional deep belief network
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Fig.Al Flowchart of fault classification method based on CDBN for distribution network
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TableB1 Parameters of main transformer
o L T EE SERR EERIE
BRSO MVA) BRI AW FaEU% T S%

110 kv /10 kV
315 (YNd11) 25.6 125.8 0.2 10.5

R B2 ZERBAKESH

TableB2 Parameters in per unit length

ol BEEA O REA(Qkm™ A/ (WF-km™  HURY (mH&m™)

s 17 0.270 0.339 0.255

. E5E 2.700 0.280 1.019

sy 1EFF 0.125 0.0096 1.300
A e

ZF 0.275 0.0054 4.600
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Fig.C1 Time-frequency spectrum diagram of fault signals
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TableD1 Parameter configuration of each layer of CDBN
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Fig.4 Structure diagram of CDBN model
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