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Transmission line protection method based on time-frequency analysis

matrix and BP neural network

FAN Jifeng, WANG Yonggiang, ZHANG Tianlong, CHEN Peng, YAN Yunfeng
(Wuhai Ultra-High Voltage Power Supply Branch, Inner Mongolia Power (Group) Co., Ltd., Wuhai 016000, China)

Abstract: To address the misoperation and failure issues of existing transient protection schemes for high-voltage
transmission lines, this paper proposes a transmission line protection method that combines a back propagation
(BP) neural network with the time-frequency matrix of transient voltage signals. Transient protection of
transmission lines is implemented based on the time-frequency analysis matrix obtained through a one-dimensional
continuous wavelet transform of fault-induced voltage traveling waves. According to the existing fault voltage
traveling wave data or simulated fault voltage traveling wave data, the time-frequency matrix is obtained by time-
frequency analysis. The part with obvious time-frequency characteristics is taken as the input of the BP neural
network, and the fault condition is taken as the output. Through neural network learning, reliable discrimination of
internal and external faults within the high-voltage transmission line protection zone is realized, and rapid
protection of high-voltage transmission lines is achieved. Simulation results demonstrate that the proposed method
comprehensively utilizes fault characteristics of transient waveforms in both the time and frequency domains while
maintaining a high computational efficiency. It is expected to improve the reliability of transient protection of high-
voltage transmission lines.
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Figure 1 Structural model of high-voltage transmission line
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Figure 2 Transient voltage signals under different power

grid structures
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Figure 3 Transient voltage waveforms under different

grounding resistances
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Figure 4 Transient voltage waveforms at different

fault locations
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Figure 5 Transient voltage waveforms under different

fault initial phase angles
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Figure 6 Transient voltage waveforms under different

fault types
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Figure 7 Three-dimensional display of time-frequency
characteristics of fault transient voltage signals
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H1 17 8 T T R R A A S A R R AR
1 43 A 15 O B Ry 2 2%, LR 22 4 P A R AR A
WM AR S 3 R R S 52 /0N U8 3 ik ) R BT R A f ke 2k
AP T AT B

2 ETHMERFESBPHRENENH
& RRIF AR
2.1 BP#HEMLEREE

N A 28 0 255 2 A5 47 2 ) | i 8 R 4 T it
R B, L O R 2 T = ) Y o A S 0 AR
(24> o Hodp, 52 1) 4% 4% (back propagation, BP) 4
2 4 0 N e Sk )Tz LI 4 5 R i B 9
JE 7R o

B9 BPAYZM%LLEH

Figure 9 Structure of BP neural network
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Figure 10 Two-dimensional contour map of prominent part

of time-frequency characteristics of transient voltage signals
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Table 1 Protection decision results under different

transition resistances (fault distance is 50 km)
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