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Analysis on Electrocution Diagnosis Based on Discrete Wavelet Transform
and GRU

CAI Gaofeng™, WANG Qingbin, CHEN Zhenyu, XU Guipei, FENG Jiaqi, LUO Qichang
( 'Yunfu Power Supply Bureau, Guangdong Power Grid Corporation, Yunfu 527300, Guangdong, China )

Abstract: [Introduction] In the low-voltage distribution network, the residual current protection device, as an important guarantee of
electricity safety, can reduce the harm caused by the leakage fault of electrical appliances and prevent human electrocution accidents. The
current residual current protection device relies on the residual current signal size as the basis for the action of the protection mechanism,
but has no function to identify the electrocution characteristics. To address this problem, this paper proposes a method for electrocution
signal feature extraction and electrocution diagnosis in low-voltage distribution networks based on wavelet decomposition and denoising,
as well as GRU. [Method] In this paper, the residual currents collected from electrocution experiments were pre-processed by
downsampling and discrete wavelet denoising; The time and frequency domain electrocution characteristic parameters of the residual
currents were extracted by the sliding window method, and the Fourier transform was used to extract the characteristic parameters of
residual currents to the second harmonic amplitude. All the extracted feature parameters were used to form a high-dimensional feature
space vector; which was subject to dimensionality reduction using the method of principal component analysis to obtain a new set of
three-dimensional feature vectors. A diagnostic model for electrocution was established, and the three-dimensional feature vectors
representing electrocution features were input into the model. Comparison experiments were conducted on electrocution signals using

five different electrocution diagnostic models, such as recurrent gated network (GRU). [Result] The experimental results show that the
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convergence of the GRU-based electrocution diagnosis model is good, and the recognition rate reaches 98.33%. [Conclusion] The

method provides new insights for the research and development of a new generation of residual current protection devices and offers an

effective guarantee for electrical safety.

Key words: low-voltage distribution network; electrocution diagnosis; wavelet denoising; feature extraction; principal component

analysis; GRU
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Fig. 2 The original residual current signal waveform
of electrocution
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Tab. 1 Characteristic parameters in time-domain

75 FRIE IR 5 FRIE IR
1 N
1 a1=NZ;x(i) 7 ar =as—ae
P
1 ul 1 N
_ L : _ |t A2
2 0= N;mm 8 as = N_Z;lx(l)l
= i=
v N
1 ; L x(i)—a 3
3 a3:ﬁz|x(1)—al|2 9 N;l 1l
i=1 ag= —————
ay
4 10 o
= ayp=—
ag \/173 1 a
N
5 as = max (x(i)) 11 an = ) x(?
i=1
6 ag = min(x(i))

TE:i=1, 2, ... NREACRAE GAG x () NI 5751

®2 SHHEHFESH

Tab. 2 Characteristic parameters in frequency-domain
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Tab. 3 Coefficients of principal components
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Fig. 5 GRU cell nucleus structure diagram
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Fig. 7 Electrocution diagnosis flow chart
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Fig. 8 Schematic diagram of the testing process
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Tab. 7 Performance comparison of different models
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