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Research on fault identification and location method based on wavelet transform and TKEO
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Abstract: In photovoltaic hydrogen production systems equipped with energy storage, accurate identification and precise
localization of faults are critical for ensuring safe and stable operation. To address the issues of low accuracy and poor
rapidity in fault identification and localization in short-distance DC transmission systems, a dual-terminal traveling wave
fault location method based on wavelet transform (WT) and Teager-Kaiser energy operator (TKEO) is proposed. First, the
fault signal undergoes wavelet transform, denoised using soft thresholding, and then reconstructed. Feature information of
each wavelet decomposition layer is extracted and analyzed, and the fault type is determined based on the energy ratio
between high- and low-frequency decomposition layers. Subsequently, the TKEO method is applied to extract the
instantaneous energy spectrum from the wavelet-decomposed signal, accurately identifying the sampling points where the
first wavefront arrives at both ends of the DC line. A dual-terminal location method is then employed to precisely
calculate the fault distance. Finally, the proposed method is validated through simulations in a photovoltaic-based DC
hydrogen production system modeled in MATLAB/Simulink. The results demonstrate that the proposed method achieves
high accuracy in both fault identification and localization.
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Fig. 4 Spectral analysis of different decomposition layers
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Fig. 5 Initial traveling wave transmission diagram at the fault
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Fig. 6 Fault identification and location flow chart
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Table 3 Ranging results at different fault distances
A B /km [y L R, WFEZE F/m 2 /m

TF R e b i e 36 142 18 823.533 022 -176.466 978
19 wii T 35 141 18 823.533 022 -176.466 978
‘i 35 141 18 823.533 022 -176.466 978
TRz b e e 65 113 35 882.354 576 -117.645 424
36 FHili Tt 64 112 35 882.354 576 -117.645 424
EEd 64 112 35 882.354 576 -117.645 424

IERR b e 80 97 45 000.000 579 0.000 579

45 HE T 79 96 45 000.000 579 0.000 579

R 79 96 45 000.000 579 0.000 579

TRz b e e 118 60 67 058.821 554 58.821 554

67 FHili Tt 117 59 67 058.821 554 58.821 554
ol i 117 59 67 058.821 554 58.821 554

IERR b e 130 48 74 117.644 266 117.644 266

74 T 129 47 74 117.644 266 117.644 266
R 129 47 74 117.644 266 117.644 266

FT 4 FRITERME TSR
Table 4 Ranging results at different transition resistances
pesit] T F R/ W B 5 /km L R, WAL R/m R ¥ /m

26 47 129 25 882.355 734 -117.644 266
0.1 51 90 87 50 882.352 839 -117.647 161

71 124 52 71 176.468 136 176.468 136
26 47 129 25 882.355 734 -117.644 266
i 100 51 90 87 50 882.352 839 -117.647 161
71 124 52 71 176.468 136 176.468 136
26 47 129 25 882.355 734 -117.644 266
300 51 90 87 50 882.352 839 -117.647 161

71 124 52 71 176.468 136 176.468 136
26 48 130 25 882.355 734 -117.644 266
0.1 51 91 88 50 882.352 839 -117.647 161

71 125 53 71 176.468 136 176.468 136
26 48 130 25 882.355 734 ~117.644 266
TEAR A Hb it e 100 51 91 88 50 882.352 839 -117.647 161
71 125 53 71 176.468 136 176.468 136
26 48 130 25 882.355 734 -117.644 266
300 51 91 88 50 882.352 839 -117.647 161

71 125 53 71 176.468 136 176.468 136

MEE SO E KRENEIE S, FHRREE BE TiRBEEAEBEE, HEA N

SN IR RIS S, AR
X, - s1gn(WN)(|WN|—T), WN|>T an
0, wy|<T
A X, NRBJEHVNERS: W, AR
WeRH TR sign(W,) FomT5 5 ML
1, W,>0

)
S =0 1w, <o

(18)

T=02lgn (19)
K n AMBEESIKE; o NS IRfEZE,
AL N R AT R B A B AT
3 median(|W|)
©0.6745
N AL 7 S AR R 5 R FE R, 7R
TR A B E REEE 9 20 30, 40 dB 1H
M7 HEA T BURAIE . 23R S5 IRPPIR P AR R 5 B o

(20)
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Table 5 Evaluation index after denoising

{5 Lh/dB St SSIM MSE

R 0.717 0.243 57

20 FHil T 0.882 0.074 88

IE R4 Ml e ot 0.914 0.108 49

R 0.766 0.067 28

30 wHili T 0.895 0.019 87
AR Hh i e 0.915 0.034 15

oy i 0.841 0.016 15

40 wHili T 0.921 0.004 73

AE AR Hh e e 0.919 0.011 71

DI B A R RS SR T, SRR
(structural similarity index, SSIM)#ZiT 1, ¥ iR%E
(mean squared error, MSE)#)/N T 0.3, FRHH M2 51
B IE BAG S A R R B

A 45 km Kb o3 kA R e . A0 RA A
NS85 N T oA o Sesb (a1 RS preg At
MR o e 7 Stof g e 1 0] R 5 o 5 A8 1) 2 T ) G 2R
6 F1E 7 Ffim.

7 6 BRI IR F

Table 6 Effect of noise on fault identification

{51 Lk/dB R K LVEES

Ends 1.998 766 v

20 Wil T 1.045 630 v
ARt e 0.013 671 v

Ends 2242129 v

30 Hili T 1.138 504 v

I AR b g 0.001 787 J

Enmd 2.400 427 v

40 Hili T 1.187 137 J

I AR st g 0.198 808 J

®7 RENHIEE MR

Table 7 Effect of noise on fault location

{51 Hk/dB =St L R % /m

R 22 37 588.235 805
20 wHili T 6 22 294.118 192
IRz b e 4 23 -588.234 647
R 6 22 294.118 192
30 wili T 6 22 294.118 192
IRz b e e 4 20 294.118 192

R 79 96 0.000 579

40 wHili T 79 96 0.000 579

IRz b 6 23 0.000 579
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AT B SR 7 v B PR RS FE L, ik
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fREHCN 5, ETKFEL 25005 1 EMD 5952
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TEAFRIFE B R R A B i i (iR ZE X Lh i3k 8
Fis, {iHE45RE, EMD-TEO llfE J7 V348 i b
R 3 VR A 0 BEORS R G, T VMID-
TEO Wl FE 5 v M) 15 Wi e et bk 5 0 28 %+ () o
0 PERE PR R, T A SC VA TE VR AR TE P ity 1 A R
(35 50 AR, BRI A7 VA b e o7 B BB
o TRTRE B
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Table 8 Comparison of ranging error of different algorithms

b %/ m
{7 B /km EMD-TEO VMD-TEO ATk
36 ~117.645 424 -264.704 23 -117.645 424
45 147.059 385 0.000 579 0.000 579
67 -88.237 252 -88.237 252 58.821 554

TEARIFII SRS T, A% EMD-TEO
5% VMD-TEO Sk AT RERS XS b, Bk Fan
L9 FR. AILVEH, A ST 7 i PR S FE R AH
T EMD-TEO $.3%41 VMD-TEO 5.1 B A 5. &1
A XRYW, EMFEIRZET, KTEREER
R 5E BN BEAT 2%, F ELAE AR [ i 2644 T FER B4,
BB 1 AR S BRI AR 1AL 5

9 SHEHMGERNEERE 3T

Table 9 Comparison of ranging time with different methods

e HIRFER /s
] EMD-TEO VMD-TEO AT
e/ OB 0.956 205 7 0.951 8955 0.985 763 3
MRS iR 0.378 867 8 1.824 649 4 0.097 079
R R 0.077 776 2 1.818 2407 0.273 708 4
5 &5

X e AR il 28 2 Gt e r 2R B R AR ) S E s
FEHEEAR BRI 22 DL A el s e 0 i S
BT IAFAEARR IR 3 sl N TR K R AL,
A A 0 R, 3R — AT (R R AR ) 5 E A
%, ST

1) X £ % P i P 22 A R UL P AR HEAT AN
i, SRJEARIE A Rl S T R 5 R RE B
ANFEL, - H T TN RRIEAF 28 R e
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FEE U R o R B T AR e

2) X2k 1 Y i FR) 2 A FEL U R R EEAT /N B )
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