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Fig. 1  Fault topology of HVDC transmission line
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®2 AEEZEML LSSVM WEMLER
Table 2 Localization results of LSSVM optimized by different algorithms
R, LSSVM PSO-LSSVM POA-LSSVM IPOA-LSSVM
km PEES/km HAXT 22/ % P B/ /km HAX 22/ % PEES/km HAXT 22/ % #HBS/km HAXT IR 22/ %
33 36.23 0.323 33.92 0. 092 33.73 0.073 33.48 0. 048
176 176. 89 0. 089 174. 43 0.157 175.08 0. 092 176.29 0. 029
369 366. 66 0.234 371.34 0.234 370. 31 0. 131 368. 22 0.078
583 589.70 0.670 583. 88 0. 088 582.25 0.075 583.09 0. 009
678 674. 08 0.392 677.37 0. 063 678. 10 0.010 677.16 0. 084
742 743.23 0.123 738.39 0.261 742.83 0. 083 741. 40 0. 060
877 877.38 0.038 877.25 0. 025 876. 58 0.042 877.55 0. 055
967 963.79 0.321 965. 80 0.120 965. 07 0. 193 967. 38 0.038
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Table 3  Influence of kernel parameter on localization results
A B2/ km
km £=0.01 2=0. 1 g=1 2=10 g=35 2=60 g=74 2=100
67 4.41 0.89 3.52 -0.64 -1.04 -3.31 -4.48 -5.85
136 -14.73 -0.78 3.51 9.28 7.30 7.49 7.8C8 8.56
484 10. 63 0.77 -0.28 -1.03 -1.90 -3.46 -4.20 -5.21
946 -2.61 -0.35 0.08 -5.59 -6.18 0. 38 2.19 4.52
x4 ARENRBWNEMERNZIT
Table 4 Influence of penalty coefficient on localization results
i 37/ 22/ km
km C=0.1 c=1 C=10 C=50 C=100 C=400 C=750 C=1 000
67 -172. 67 -20. 68 -3.57 -1.15 -0.29 0.77 1. 10 1.24
136 -115. 67 =5.10 5.63 1.92 0.64 -0. 68 -0.91 -0.97
484 6.73 1. 49 1.65 1.55 1.31 0.83 0. 66 0. 60
946 240.53 73.6 13. 81 2.23 0.53 -0.37 -0.25 -0. 14
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Table 5 Amplitude ratios of first wave
head under different transition resistances
IS 4N U Sk
ML/ Q : - Siiol
A A fite
0 13.25 10. 26 1.29
50 10. 87 8.42 1.29
100 9.21 7.15 1.29
R 6 AETERENENLRIHIE
Table 6 Influence of transition resistance on localization result

WO /km G R RE/Q IEESE R km R /km AR/ %

0.01 192. 46 0. 46 0. 046
192 30 192. 46 0. 46 0. 046
70 192. 46 0. 46 0. 046

100 192. 46 0. 46 0. 046

0.01 369. 61 0. 61 0. 061

369 30 369. 61 0.61 0. 061
70 369. 61 0.61 0. 061

100 369. 61 0. 61 0. 061

0. 01 677.28  -0.72 0.072

678 30 677.28  -0.72 0.072
70 677.28  -0.72 0.072

100 677.28  -0.72 0.072

0.01 840.73  -0.27 0.027

841 30 840.73  -0.27 0.027
70 840.73  -0.27 0.027

100 840.73  -0.27 0.027
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SHANG Liqun, et al.Fault location of HVDC transmission line via IPOA-LSSVM model.
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Table 7  Influence of fault type on localization results
Hﬁ(lfﬁkﬁﬁ%‘/ o MEEZER,  R%E/  MXTRZE/
m km km %

TEAR 47.32 0.32 0.032

47 it 47.41 0.41 0. 041
T [0 Jd 4 1 46.79 -0.21 0.021

e [ Jod s AN He 46. 88 -0.12 0.012

AR 390. 70 -0.30 0.030

391 B 390. 77 -0.23 0.023
T T J 4 1 391. 67 0.67 0. 067

e lR AT 391,52 0.52 0. 052

TR 776. 03 0.03 0. 003

776 BRI 776. 34 0.34 0.034
A ) J it by 775.27 -0.73 0.073

WA AN e 776. 68 0.68 0. 068

TEAR i 912. 89 0.89 0. 089

912 U S I 911.88 -0.12 0.012
e ) e % e 912.45 0. 45 0.045

PR BE AN 911,38 -0.62 0. 062
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Fault location of HVDC transmission line via IPOA-LSSVM model

SHANG Liqun' LIU Han' HAO Tiangi' LI Zhao' LI Chaobiao' DENG Liwen'
1 College of Electrical and Control Engineering,Xi’an University of Science and Technology, Xi’an 710054, China

Abstract Fault location is crucial for the long-distance HVDC transmission systems.Here, a fault location model
using the Improved Pelican Optimization Algorithm (TPOA) to optimize the Least Squares Support Vector Machine
(LSSVM) is provided to address the issues of imprecise attenuation coefficient computation and challenging second-
ary wave head capture.First,in accordance with the traveling wave attenuation concept,the formulas of the fault dis-
tance and the modulus maximum ratio of the line mode components at both ends of the line are derived ,revealing a
nonlinear relationship between them , which is then generalized by LSSVM.Second , the TPOA is employed to optimize
the key parameters of LSSVM , thereby constructing the IPOA-LSSVM fault location model. After performing wavelet
transform on the fault signals collected at both ends,the amplitude ratio of the first wave head is obtained and then
input into the proposed model to output the fault distance as simulation verification.Simulation results show that the
proposed model can locate fault reliably and accurately regardless of transition resistance and fault type.

Key words fault location; HVDC transmission system;first wave head amplitude ratio;improved pelican optimiza-

tion algorithm (TPOA) ;least squares support vector machine (LSSVM)



