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Photovoltaic DC series arc fault detection based on stationary wavelet transform
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Abstract: A PV DC series arc fault has the characteristics of randomness and concealment, and it is easily affected by the
external environment and internal noise of the PV system, making it difficult to detect. The current time-frequency
domain features extracted by wavelet transform can identify an arc fault very well, but it faces the problem of optimal
wavelet base selection. Based on the collection of a large amount of arc fault data, this paper proposes an optimal wavelet
base selection method for the extraction of commonly used arc fault characteristic indicators through wavelet transform
analysis and comparative experiments. By this method, the bior4.4 wavelet base is determined to be the optimal wavelet
base for extracting arc fault features, and the time-frequency domain features are constructed based on bior4.4 stationary
wavelet transform. Through comparative experiments, it is found that the time-frequency domain feature based on bior4.4
can significantly improve the identification of an arc fault, and shows the suppression effect on normal noise signals. To
reflect the characteristics of arc faults from multiple angles, it complements time-domain features, combines with
time-frequency domain features to form a current feature library, and uses the random forest algorithm to realize the
diagnosis of arc faults. The accuracy rate of arc fault detection reaches 98.58%, and the misjudgment rate of normal signal is
only 0.76%.
This work is supported by the National Natural Science Foundation of China (No. 51877186).
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Fig. 1 Schematic diagram of PV DC series arc

fault acquisition circuit
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Fig. 3 Photovoltaic system current type and spectrum
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Table 3 Statistical index formula

FEAEFE R Kk
1 ¥ -
- 2 _ LX)
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WA Kok = Xinax = X
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Xpeak
1 i (X’. - )?)
U T Kk _N-1F o
= X4
RMS

JRARAT 5 /N A JE Wl o3 A T RUBE /N
Y5 RE A FERERE AR T AN E 2 NS &
HOAA AR BBURAE . o 78 5 RS /N e 4 R4
(RSB AT 5 A IE B A5 5 I SIURAAIE LA B K, T
R /INBEAR T ST B I SR AL B8R 7 1

Wk 4 fos, & RN 280 L o
FBGBRAG . /INBRS 20 LRSI e d1 =25~
50 kHz)~ d2 J2(12.5~25 kHz)- d3 J2(6.25~12.5 kHz)-
d4 JZ(3.125~6.25 kHz). 1E d1 JZH /NI AL Fl
ANBREA R XS A S NE 5 S X 7 B oK.
BRE dl 2 /NECAR T AR BT A 9/ NP AUR AN
FEA IR I BURZ -

&4 EUESHERBRBURE
Table 4 Sensitive layer of approximate entropy

and sample entropy

# R NPT AL NP A
AR W IEW WE WM EW W
dl 2.823 1292 2185 3495 1295  2.699
d2 1247 0981 1271 1329 0962  1.382
d3 1133 0955 118  1.138 0964  1.181
d4 0966 0997 0969 0958  1.006  0.952
ds 1.031 1017 1014  1.003 1021 0983
d6 0975 0934  1.044 0897 0924 0971
d7 0935 0722 1295  0.849  0.706 1202

W5 P, d4 J2/NEdns REh T %2 g
e R ATV 32 PR 0 e B {5 5 A0 IE 3045 5 R X 70 P A
Ko dlJZ/NBART 2 HH IRV AR BORT R A5 5 A
ERESHIXAERK. 4 LTk, SRHERR
BURZEERPAERT 4 )2 O 7R AT REMLIE /D e R
. FEATHSERE, ANBO R R B DY . ZRG
oA, TR INBAHR I D R E RO 4 )7

®5 GIHERHNERE

Table 5 Sensitive layer of statistical indicator

BRE i % WA WA W AK R
NEEE Wb ER WRYIER  MEWIER WRIER
dl 2467 2.016 0.787 0.183
a2 3.167 2.154 0.827 0.114
a3 4.157 2.497 0.804 0.094
d4 8.471 2.604 1.003 0.063
ds 4.757 2.299 0.925 0.093
d6 4.810 2436 0.878 0.124
a7 3.098 1.907 0.932 0.137

Bl 5—E 7 45 H T biord.4 /N R B ATURFAE
THELEE R I 12 AU R A ) PR R AT I
PRI, AR K B AR TR] A AL (e L £
W IEH HIEGE . MPPT 31 f it s A HE 5

2.0 T

3
Sk —— W |

4%
B 5 SEANGS4FERTEE

Fig. 5 Comparison of approximate entropy eigenvalues
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Fig. 6 Comparison of sample entropy eigenvalues
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Fig. 7 Comparison of statistical indicators eigenvalues
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5 SUREARALEIE S IEH BRI LU N R, /R,
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ANPRIEIEAR ANV RBOFI/ NS FE R, sk
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Table 6 Approximate entropy separation ratio

N Wb B L Pz et
R /R, R /R, R /R, R,/R, R,/R,
bior4.4 2.852 2.807 2.729 1.016 1.045
bior2.4 1.829 1.703 1.571 1.074 1.164
bior3.1 2.054 1.925 1.793 1.067 1.146
rbio2.4 1.891 1.751 1.557 1.080 1215
rbio3.1 1.913 1.964 2.118 0.794 0.903
rbiod.4 2.194 1.949 1.649 1.126 1.331
db4 1.982 1.872 1.700 1.059 1.166
db9 1.519 1.478 1.418 1.028 1.071
sym4 2.126 1.859 1.702 1.144 1.249

=7 HARERES B
Table 7 Sample entropy separation ratio
Ry B b Hwansm et
AN
R/R, R/R,  RI/R, RI/R, RJ/R,
bior4.4 3.455 3.306 3.156 1.045 1.094
bior2.4 2.050 1.908 1.833 1.074 1.118
bior3.1 2.730 2.511 2.462 1.087 1.109
rbio2.4 2.281 2.105 1.894 1.084 1.204
rbio3.1 2.131 2.148 2.376 0.992 0.897
rbio4.4 2.628 2.306 1.934 1.140 1.359
db4 2.645 2.492 2.401 1.061 1.102
db9 1.820 1.764 1.778 1.032 1.023
sym4 2.798 2.406 2.315 1.163 1.209
*=8 HESEL
Table 8 Variance separation ratio

N Wb B L Pesh et
R /R, R/R, R /R, R,/R, R, /R,
bior4.4 4.236 4.340 4.356 0.976 0.972
bior2.4 3.115 3.376 3.744 0.923 0.832
bior3.1 1.810 1.980 2.664 0.914 0.679
rbio2.4 3.749 4.117 4.116 0.911 0.911
rbio3.1 3.370 3.599 2.590 0.936 1.301
rbio4.4 3.643 3.555 3.229 1.025 1.128
db4 3.170 3.536 3.453 0.896 0918
db9 3.607 4.052 4.087 0.890 0.883
sym4 3.670 4.036 4.453 0.909 0.824
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Table 9 Peak-to-peak separation ratio

*= 11 IER TR

Table 11 Kurtosis factor separation ratio

W B L Peah et W B L Pzl et
ok R /R, R /R, R /R, R,/R, R,/R, o R /R, R /R, R/R,  RJR,  R,/R,
biord.4 2.694 2.763 2.757 0.975 0.977 bior4.4 1.937 1.947 1.950 0.995 0.993
bior2.4 2.584 2.755 2.744 0.938 0.942 bior2.4 1.934 1.941 1.945 0.996 0.994
bior3.1 2.068 2.261 2.490 0915 0.831 bior3.1 1.901 1.925 1.954 0.988 0.973
1bio2.4 2.551 2.747 2.701 0.929 0.944 1bio2.4 1.919 1.936 1.927 0.991 0.996
tbio3.1 2.481 2.651 2.308 0.936 1.075 rbio3.1 1.888 1.911 1.803 0.988 1.047
tbiod 4 2511 2694 2685 0.932 0.935 rbio4.4 1.923 1.938 1.914 0.992 1.005

db4 2344 2.428 2478 0.965 0.946 db4 1.907 1918 1.937 0994 0985
dbo 2491 5 484 5405 1,003 1,036 db9 1.917 1.932 1.943 0.992 0.987
symd 2.490 2.542 2.588 0.980 0.962 symd 1914 1931 1944 0.91 0.985
=10 IEERYS S B E . IX P biord.4 /N EE 5 E TS S 1A
Table 10 Peak coefficient separation ratio SRR, . f @?Mﬁ&ﬁ%{% %%ﬁ&fiﬁ o [FIRF B,

e — biord 4 /I HE S HL L 20 T 561 75 ) B A

ik o e e RHET biord 4 HOGEH SRR (At rh A i

AR S o S ORI BRI S RR BLORE

biord.4 1213 1.196 1.179 1.014 1.029 L - / ; Ao 1= i i E'\’TE i i

o4 1183 173 | 134 11009 1043 BT RATEEAR B, B DA EAE I Eh 1R K

bior3.1 1.208 1.183 1.219 1.021 0.991 4 ETFRENZKESE G B T AP

rbio2.4 1.161 1.163 1.096 0.998 1.059

tbio3.1 1.187 1.172 1.135 1.013 1.046 4.1 EERFFEERE

tbio4.4 1.163 1.161 1.102 1.002 1.055 Z RN IR INVEREE, BT _EiRRHn
ddLI6L L3 LIS 0l6 099 BREGESN, FRRMFRITIUR . REAM . T2 Wi
dbo 1173 1.178 1.197 0.996 0.980 WA 2. WSS R B R A R 12 4R 4E )
symé 1.183 1.173 1.133 1.009 1.044
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Fig. 8 Flow chart of random forest algorithm
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Table 12 Arc fault diagnosis based on random forest

. IEH A5 HEAE 5
JEHEE N — X — -
WER R /% RFIR% R % RHE%
I SRR AE — 90.83 9.17 80.67 19.33
biord4  96.75 3.25 95.43 457
bior2.4  94.67 533 92.64 7.36
bior3.1  94.23 5.77 93.72 6.28
) tbio2.4  93.78 6.22 91.89 8.11
I 3545k ]
| rbio3.1  95.63 437 94.32 5.68
RFAIE )
rbiod4  94.86 5.14 93.86 6.14
db4 94.12 5.88 92.79 7.21
db9 95.42 4.58 94.25 5.75
sym4 95.31 4.69 94.36 5.64
biord4  99.24 0.76 98.58 1.42
bior2.4  96.65 3.35 97.41 2.59
bior3.1  97.46 2.54 96.85 3.15
B tbio2.4 9535 4.65 94.53 5.47
il )
rbio3.1  96.84 3.16 95.76 424
FEAE
tbiod4  95.69 431 94.97 5.03
db4 96.57 3.43 96.39 3.61
db9 96.84 3.16 96.01 3.99
sym4 97.12 2.88 96.31 3.69
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