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Abstract: This paper systematically analyzes the small current grounding system grounding and the 

principle of the failure formation, combined with empirical mode decomposition, and then put 

forward a new method of empirical mode decomposition and correlation dimension for small 

current grounding system of single phase to ground fault line selection. Finally, by MATLAB data 

processing, through the zero-sequence current empirical mode decomposition and extracts harmonic 

components after calculating the correlation dimension. It affects the factors of the small current 

grounding system fault line selection of single-phase ground, and tests the fault line method and 

criterion reliability. 

Introduction 

At present, China 35kV and below voltage level, it widely used neutral point arc suppression coil 

grounding, by compensating for the inductor current to reduce ground current, reduce the line fault 

trip rate. Since the single-phase ground fault accounted for more than 80% of the distribution 

network fault, it is especially important to accurately select the fault line when single-phase ground 

fault occurs. Relatively new morphological filtering algorithms, owing to the sensitive ground fault 

angle is limited in practical use. The results show that the improved EMD algorithm combined with 

the fractal theory can effectively solve the problem of end effect, thereby improving the accuracy of 

single-phase ground fault line selection. 

Improved EMD Algorithm 

Improved EMD Algorithm. This article will use LSSVM for signal extension to suppress the end 

effect. Using LSSVM continuation results are better, but time-consuming. And if the signal is a 

monotonous signal it will never appear extreme point. This is the most common problem that based 

on same sampling interval extension. 

For a sampling signal 

                                                                  （1） 

To the original signal which has not undergone any treatment conducted EMD. Obtained as 

shown in (1) shown a series of IMF. From Figure 1 shows that each IMF component at the 

breakpoint diverges very serious. And further transmits to the internal sequence, so that each 

component of the IMF at the endpoints is serious distortion. Curve almost coincide, end effect is 

greatly reduced. EMD energy leakage after LSSVM process will be less. 

Mode mixing. In the signal after EMD decomposition will appear in a single IMF contains a 
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different time scale. This situation is known as Mixing Mode. The mode mixing appears to be 

related to the EMD algorithm, and is influenced by the frequency and amplitude of the signal. The 

results show that the relationship between the frequency component and the amplitude of the signal 

affects the mode mixing phenomenon when the EMD signal is decomposed. 

In view of the common frequency spread mode aliasing in power system, the sine signal 

250Hz and 50Hz of x(t) as an example: 

                                                                  (2) 

According to our understanding of and empirical mode decomposition (EMD) shall appear 

such two IMF components, the first IMF component frequency is 250Hz, the second the IMF 

should be 50Hz frequency component, which is based on this conjecture, we signal x(t) of EMD 

decomposition, the decomposition results as shown in the figure 1.  

 

Fig.1  EMD decomposition results chart of signal x(t) 

 

Fig.2  EMD decomposition results after adjusting the amplitude 

 

According to their inference, we change the signal amplitude ratio of 50Hz and 250Hz, so that 

it can meet the conditions that they do not occur mode mixing: 

                                                  (3) 

EMD decomposition of the signal, as shown in figure 2. 

Can be seen from the figure, after the adjustment of the amplitude, EMD decomposition will 

be effective to out of the two frequency points. Effective solution to the problem of mode mixing. 

Correlation dimension fault line selection method 

Correlation dimension is one of the common dimension. Correlation Dimension can reflect the 

characteristics of the system in a different states, the states in which the distinction between systems 

based on different dimension. The practical application is using G-P algorithm to calculate the 

correlation dimension. 

Introduction Algorithm. G-P algorithm is embedding space by observing the radius r, decreases 

with the radius r ,G-P algorithm is by looking at embedding space radius r, with the radius r 

decreases, the number of points in space is gradually reduced to zero in the process to calculate the 

correlation dimension.  

Method of fault line selection. Fault transient waveform and fault angle of single-phase ground are 
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closely linked. High frequency transient component failure is not obvious, the first wave direction 

of the fault determination by the fault line.  

Simulation verification 

Simulation model. In order to verify the feasibility of the proposed fault line selection scheme, the 

simulation model of single phase to ground fault in 10kv distribution network is established which 

is based on Matlab/Simulink simulation software. Distribution network by eliminating arc 

suppression coil compensation and the compensation degree is 8%, the simulation of the cables 

distribution parameters                              . Simulation outlet 3 distance bus 2 km 

single-phase grounding fault occurs. 
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Fig.3  Simulation of single-phase earth fault 

Result analysis. Collecting the line fault of a power zero mode current, before semi period of 

the mains frequency and after semi period of the mains frequency, the wire current improved 

empirical mode decomposition (EMD). Setting angle of less than     the fault time waveform 

monotonically of discrimination, so according to the requirements to get the fault angle for    each 

outlet fault waveform and the Improved EMD algorithm to filter out the high frequency components 

of low-frequency fault waveform, as shown in the figure 4. 

 
(a)Outlet wave           (b)Low frequency fault waveform 

Fig.4  Waveforms of the line and low frequency under the fault angle of 0° 

From the graph shows that in the vicinity of the 0.01s and the failure time, the outlet 3 is 

monotone decreasing, while the other outlet is increasing, the fault line and the non fault line is the 

opposite. Simulation results show that the high frequency interference current of 5100Hz in IMF1. 

Shown in figure     fault angle outlet 3 fault feature waveform EMD algorithm and Improved 

EMD algorithm comparison, as can be seen, the improved EMD algorithm  basically filter out the 

high frequency interference current. 
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           (a) Fault characteristic waveform and FFT analysis by EMD decomposition 

 

(b)Fault characteristic waveform and FFT analysis of improved EMD decomposition 

Fig.5  The line 3 waveform of fault characteristic waveform under the angle of 30° 

Summary 

This paper analyzes and proposes a method to identify the fault line by using the improved EMD 

algorithm. Based on the analysis of the fault transient process of the small current grounding system, 

it can identify system characteristic frequency bands. The improved EMD algorithm proposed in 

this paper can avoid the possibility of the error caused by the high frequency interference, and 

improve the accuracy of the line selection. The simulation results show the proposed method is 

feasible to improve the line selection, line selection for distribution automation provides a feasible 

scheme. 
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