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Fig.1 Feature histogram
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Table 3 Feature performance comparison among

algorithms before feature optimization
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Fault diagnosis method of EPR cable terminal based on multi-scale texture features
GUO Lei',CAO Weidong',ZHANG Jingkang',BAI Longlei',XING Limeng', XIANG Enxin*,ZHOU Lijun'
(1. College of Electrical Engineering,Southwest Jiaotong University,Chengdu 610031, China;

2. Electric Power Research Institute, Yunnan Power Grid Co.,Ltd.,Kunming 650217, China)

Abstract: In high-speed railway train, EPR (Ethylene Propylene Rubber) cable terminals often have many
defects due to improper operation in the manufacturing process,resulting in PD (Partial Discharge) or even
breakdown of the terminals. It is still a problem to be solved for the accurate classification of detected
partial discharge signals. The terminal samples with four typical defects of tip, scratch, metal particle and
air gap are made,and the discharge spectrum information of each sample is recorded by experiment. Based
on the PD spectrum library obtained from the experiment,a new method is proposed to construct multi-
scale PD spectrum space by image pyramid theory, from which the first-order texture statistics, the second-
order texture statistics and the high-order texture statistics are extracted as the feature parameters of defect
type recognition. At the same time,the random forest algorithm is introduced,and the feature space optimi-
zation is completed based on gini index,which realizes the correct classification of defect types. The results
show that the model error rate and classification accuracy rate of multi-scale texture feature are significantly
better than that of single scale texture feature,which can better classify the terminal typical defects,at the
same time,because the discharge mechanism of air gap defect and scratch defect is similar,the partial dis-
charge characteristics of both defects are similar, so the classification of air gap defect and scratch defect
is prone to errors,resulting in low recognition rate. Further research on image feature parameters and recog-

nition algorithm is needed.

Key words:EPR cable;typical defects;texture features;image pyramid;random forest algorithm;fault diagnosis



Mg A L

W (IR, R SR AL "
g | R AUBBRIGR H R R " " R b
#h Il 7?0v@ £ %gl ;’f __,;.';' 5
BTG, WA % ' I
| 3 | O
Vil 13
= Xt E b B R AT £ 2 CPL542| -
g |BMARBER |— (.‘vausslanﬁﬁ!iK T — F i
fiE = MPD 600
""""""" SR TA IF L
R (o GN’ZM | EA RRFAE
w [BEG R GEHAR Fig.A3 Test platform diagram
7 [EH e g ] G =R
GoZElfR
H
I E N E SN ESNES
W1 2] [3]]4
gg
ES
7 j

1753 o ]
Fig.Al FI. ?11 t 1??? d%ifj_tif”"fE thod E A4 &RMRERFAT PRPD IEE T
Y OenaT oL Testand Idenication memo Fig.A4 Change of PRPD of metal particle defect

I:?'" i
: B (2) i o (b) SRR
. A u
i 3 & &

- L] 1

M - - d y
SEITCED (o) SBRERIA B A T g PRaD A

B A2 EkBabI{E
Fig.A2 Defect making Fig.A5 Typical PRPD with different defects




i B

% Bl HHEEHRSKENX

Table B1 Numbers and meaning of characteristics

4 p 4 4 4
f e Jf e Jf e f e f X
il ¥ ¥
f %1%%11%%@:* f34 %ZEW% LBP H f67 %2;@@ GLCM £100 ﬁiz}%@% f133 4 EERB
B E%ME J7 B g2 SRR OGP L5R5 i[5 i % L5S5 Ji 4 Bt &=
F1LEEGKE 2 EE®B LBP H % 2 ZEME GLCM F2E2EB 4 EERB
2 f35 f68 f101 134
B E % 77 Bl e S HE A S5R5 % [ fE & L5S5 %[5 5 %
i F1LEEGKE f36 2 EE®B LBP H f60 % 3 ZEM% GLCM 102 F2E2EB f135 4 EERB
B 7 B A E 7 BT % SUH S5R5 f [ )7 # L5R5 % [ fiE &
4 %1%%11%%& f37 %3J§%|1% LBP H 70 %SEF’:@]{% GLCM 103 &2 EEB 136 %4)%21(%
B EgES ASESEE LU L E5S5 4 4 fE & L5R5 i 4 7 2
- %14}\%@11%%& {38 %3;@@ I‘_BP'J'i 71 5@3;1%GLCM f104 ﬁﬁz}%@@\ f137 FA4EEB
BB B E SRR A G E5S5 4 5 7 % S5R5 4 [ B &=
6 g ;E\EH%RE f39 % 3;@@ LBP H f17 S 3%\1% GLCM 105 2 ZEB f128 %4)%1’%1@\
H 7 B 77 B i e SUHE A ESR5 %1 4 fiE & S5R5 ffi {5 7 %
. ﬁ?g)\%@l@ﬁ& £40 % 3%@@ LBP H 73 %{E@ GLCM 106 % 2}%@% 139 4 ZEB
H o7 ESME 7 E g2 S A TR ESRS5 ik J7 2 E5S5 i [4 Bt &=
F 2 EEBKE % 3ZKEHB LBP H % 4 ZE1E GLCM 2 ZEB FA4EEB
B wymyz | ™ 57 B A fra SL3 MO7 cors smpeses | 0 Esss
f0 %ZEEH%RE f4o %3%@@ LBP H 75 5@4;1%GLCM f108 ﬁﬁz}%@‘%‘ f141 FA4EEB
B 5 B A 7 S0 R M R5R5 i [ 5 % ESR5 %1 4 Bt &
F 2 ZEBKE % A4ZEB LBP H 4 ZEME GLCM % 2 2 B4 S5S5 FA4EEB
10 f43 76 109 142
ER S 75 EE ELIE B i ESR5 ik 7 %
F 2 ZEBKE % A4ZEB LBP H #1214 L5E5 Hi % 2 2 B4 S5S5 #A4EEB
f11 fa4 77 110 143
BT E RE B E B A R T 7 R5R5 4 [ fiE
f1o %2 RRBIKE {45 % 4ZKH% LBP H 78 % 1)2 &% L5ES 4R 11 &2 ZEB f144 &4 ZEB
H5 EE 75 B A B 7 2% ESES5 40 [ A & R5R5 4 [ 77
13 %3 EZEBKE $45 B4 ZEE LBP H 79 12 EM& LS5 A f112 2 ZEE e 2 4 )= K14 S5S85
H 7 E%SME 77 EEZS [ fE & ESES Hi B 77 2 o B e
f14 %3 EZEBKE (47 B4 ZEE LBP H 30 12 KM% LSS5 4 f113 B3 EEE . 2 4 )= K14 S5S85
HAEGZE 77 Bl R [y L5ES5 Hi B 6 & H BT %
f1s % 3 ERBIKE 48 % 4ZKH% LBP H fa1 %5 12 E1% L5RS 4 114 % 3 ZRB 147 &4 ZEB
B 5 B A 77 B [ fE & L5E5 4 B % ESES 4B B fit &
16 % 3 ERBIKE f49 # 1 2K 1% Tamura a2 %5 12 E1% L5RS 4 f115 % 3 ZRB 148 &4 ZEB
Ho7EES 20T R R [y L5S5 [ RE & ESES fi B 77 &2
f17 % 3 ERBIKE 50 # 1 2K 1% Tamura 83 %5 1)Z K% S5R5 A f116 % 3 ZE1% 149 B 1ERB =K
B5 I RE L3R R L B B e B L5S5 ik J7 il
f18 % 3 ERBIKE f51 # 1 2K 1% Tamura fa4 %5 1)Z K% S5R5 A 117 % 3 ZE1% f150 B 1ERB =K
H5 EE GUHLTT 1] K7 22 L5R5 % B4 fE & R
58 4 ZRBKE # 2 2B 1% Tamura # 12K 1% E5S5 4 %3 ERB %1 ZEB U
f1 f52 fi f11 151
o mEmm | QUL e 8 B e 8 lsrsmpmz | g
58 4 ZRBKE # 2 2B 1% Tamura # 12K 1% E5S5 4 %3 ERB %1 ZEB U
2 f fi f 152
O mymyz | ™ SR L g 8 77 % W eps g m | Pt
58 4 ZRBKE # 2 2B 1% Tamura % 1)ZE{% E5R5 A %3 ERB B2 ZRB =K
f21 54 f87 f12 f1
HrERRE | Qoam i i 8 W e 8 O ssmsmpryz | M2 i
58 4 ZRBKE % 3 2K 1% Tamura % 1)ZE{% E5R5 A %3 ERB B2 ZRB =K
22 f fi f12 f
o EGE | QO 88 b Iy 2 2l essssmmmem | Pt
58 4 ZRBKE % 3 2K 1% Tamura % 1 )2 FE1{% R5R5 A1 %3 ERB %2 RGN
23 156 f89 122 f155
B 7 E R oL L R P fE & E5S5 HifF %= bia)
54 ZEBKE % 3 2K 1% Tamura % 12 K% R5R5 48 % 3 ZRB %2 ZEB U
2 f f f12 f
4 17 > Qs i %0 e iy 2 123 eops mpagR | 0 Pt
# 12K 1% LBP # 4 2K 1% Tamura %12 E1{% S5S5 4 % 3 ZRB B 3ZEB =k
25 f58 fo1 f124 157
7 B SR R B e E5R5 %[ 7 % il




5 98 . P . P . e 5 e
=2 g g g g
26 % 1 ZE1Z LBP fs0 4 Z K4 Tamura f92 # 1 E K& S5S5 58 f125 3 3IEERB 158 ¥ 3IEEB =K
BB ZE S P NT b B 7 2 R5R5 4 B it & SRE
27 % 1 ZE1Z LBP f60 4 Z K4 Tamura f03 % 1 )2 K14 E5ES 4R £126 3 3IEERB 159 3 EEBIEH
B 7 B m A SURLTT [ B e & R5R5 % [ 75 % il
128 % 1 ZE1Z LBP fo1 # 1 EE#H GLCM fo4 % 1 )2 K14 E5ES 4R 127 % 3 )2 K14 S5S5 160 3 EEBIEH
BT EIES SUHE A A iy 2% 4 I B R
f29 % 1 ZE1Z LBP f62 # 1 EE#H GLCM fo5 % 2 2 K4 L5ES 4R {128 % 3 )2 K14 S5S5 f161 ¥4 EZEB =KW
H5 ERE R SUHX H b e B o 22 il
£30 % 1 ZE1Z LBP f63 # 1 ZE14 GLCM f96 % 2 2 K4 L5ES 4R £129 3 3IEERB 162 ¥4 EZEB =KW
B 5 EE LR < M iy 2% ESES i [ ft & R
fa1 % 2 EE1Z LBP fo4 # 1 ZE14 GLCM f97 % 2 2 K14 L5S5 58 130 3 3IEERB 163 4 EEB B
B E¥ME g I g ESES ik )7 % el
f30 # 2 E K14 LBP f65 # 2 ZE14 GLCM fo8 %2 1% LS5 H f131 4 EERB f164 4 EEB UK
BB % SUE A A By % L5E5 %1 [ g & AR
£33 # 2 E K14 LBP f66 # 2 ZE14 GLCM fo9 2 BHE1{E LSR5 ¥R f132 4 EERB
B 7 Bl A E SCH N E I e L5E5 ik )i %
Misk C
T F " 10 Bl 00 il
e 1 2 3 4| "™ 1 2 3 4| "™ 1 2 3 4
1148 1|48 1|47 1
el 2] % Sl 2] % Sme] 2% 2
4 3 45 4 3 45 4 3 45
(a) AE1
- B _ (A _ Rl
NS0 |0 g | M0 o | M0 s g
1148 1|46 2 11|48
e 21 41 6 | v 2 43 5 || 2 46 2
EER o [P o | g s
4 1 47 4 1 47 4 44
(b) BE2
- Hl _ Ol _ R
N ree=50 1 2 3 4 N ree=100 1 2 3 4 N tree=200 T 2 3 4
1148 1|46 2 1148
. 2 42 6 . 2 4 4 . 2 43 5
HH) 3l 47 9 3 8 B 32 %
4 48 4 3 45 4 4 44
(c) HE3
_ Rl {E _ ol { _ Rl fE
N ree=50 T 2 3 2 N ree=100 T 2 3 2 N ree=200 T 2 3 2
1145 1 2 1146 2 1|46 2
EERC Y IR DS IR 220 S B
4 2 46 412 3 43 4 2 1 45
(d) FE4
_ Fl{E _ HOl{E _ O
NS0 |5 g | M0 o g M0 s g
1148 1148 1148
| 2 43 5 o] 2 46 2 o 2 a7 1
agetl 2|, T s || g o P g .
4 46 4 5 43 4 45
(e) HES
_ Bl _ HO{E _ Rl
N tree=50 1T 2 3 4 N ree=100 1T 2 3 4 N ree=200 T 2 3 2
1145 3 1148 1|47 1
. 211 4 3 . 2 45 3 - 2 47 1
A S o [P g s o | 5| o
4 2 46 4 3 45 4 2 46
(f) AE6
_ il { _ HolllE _ Rl fE
N0 [ | M0 g N0 g
1|47 1 1|47 1 1148
gl 20 % Clww 21 % Pl 2] ® 2
4 1 47 4 1 47 411 1 46
() AER7
& C1 FEHLFARMEIBEIERE

Fig.C2 Random forest confusion matrix
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Table C1 Sorting of gini index

P i gini 5 B MK b 51 P i gini 45 (K EL 1 P g gini 48 HEC L B
1 136 0.02383 12 f146 0.01716 23 f21 0.01375
2 58 0.02144 13 132 0.017 24 163 0.01369
3 145 0.01969 14 45 0.01687 25 f161 0.01363
4 f112 0.01896 15 73 0.01657 26 f142 0.01352
5 f134 0.01878 16 43 0.01551 27 f141 0.0135
6 54 0.01822 17 f111 0.01528 28 133 0.01263
7 76 0.01822 18 48 0.01515 29 f19 0.0124
8 47 0.01815 19 f164 0.0147 30 f75 0.01206
9 f162 0.0178 20 148 0.01449 31 fa4 0.01166
10 147 0.01747 21 f20 0.01447 32 140 0.01084
11 59 0.01737 22 135 0.01399 33 60 0.01057
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