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A precise detection method of traveling wave based on S-transform and PSO-GRNN

WANG Shuai, LI Zewen, WU Congyu, ZOU Ruiqi, XIAO Yuyan

(Ministry of Engineering Center for Power System Security and Supervisory Control Technology , Changsha University of Science &

Technology, Changsha 410114, China)

Abstract: Reflected traveling waves are generated by substation equipment, and the incident waves and reflected waves
are overlapped during traveling wave signal measurement. To address these issues, a precise detection method of
traveling waves based on S-transform and particle swarm optimization and generated regression neural network
algorithm (PSO-GRNN) is proposed. Firstly, the S matrixes of the overlapped traveling wave signal and the real
incident traveling wave signal are obtained by the S transform, respectively. Secondly, the S matrixes of the overlapped
traveling wave signal and the real incident traveling wave signal are reconstructed in terms of dimensionality into a
vector, which is used as the input and output of PSO-GRNN for training and learning, and the network model for
separating the overlapped traveling wave signal is established. Finally, according to this model, the S matrix of the
incident traveling wave signal is separated from the overlapped traveling wave signal, and the S-inverse transform is
performed to obtain the pure incident traveling wave. The simulation results show that the separated incident traveling
wave has higher steepness and more prominent time-frequency characteristics, which provides a new idea to improve
the reliability of existing traveling wave protection and the accuracy of traveling wave positioning.
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Figure 1 Principles of traveling wave generation,

refraction, and reflection
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Figure 5 Influence of bus on traveling wave signal
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Figure 6 Influence of capacitor on traveling wave signal
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Figure 14 Comparison between incident current traveling
wave separated by PSO-GRNN and real incident

current traveling wave
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Table 2 Waveform similarity at different initial phase
angles of fault

ek £ /(%) MR /Q  H/(107°kA) o/ %
10 2.334 5 99.46

3 100 2.346 7 99.24

300 2.4416 99.11

10 2.2299 99.72

30 100 2.3334 99.43
300 2.3418 99.33

10 2.2212 99.77

60 100 2.301 1 99.54

300 2.302 4 99.43
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Table 3 Waveform similarity under different fault distances

WORERE RS /km WERHLBL/Q H/(107°kA) o/ %
10 2.2213 99.83

25 100 2.330 9 99.50

300 2.340 2 99.47

10 2.229 9 99.72

200 100 2.3334 99.43

300 2.3418 99.33

10 2.2345 99.45

400 100 2.3354 99.26

300 2.346 8 99.26
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Table 4 Performance comparison of different positioning

methods (using overlapped/incident traveling wave)

SENETT R R /km I B RS /km B2 /km
10 9.602/9.696 0.398/0.304
B 200 200.481/200.316  0.481/0.316
450 450.507/450.341  0.507/0.341
10 9.613/9.699 0.387/0.301
L fir 200 199.546/199.675  0.454/0.325
450 449.494/449.664  0.506/0.336
10 9.441/9.657 0.559/0.343
W 2 200 200.436/200.319  0.436/0.319

450 449.424/449.733 0.576/0.267
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Table 5 Performance evaluation of traveling wave

protection schemes
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Figure 15 Comparison of traveling wave detection methods
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