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Abstract. According to the characteristics of transient zero sequence components as well as the 

existing information fusion technology has the disadvantage of high sample dimension and  

computer overhead  in fault line selection in small current grounding fault . First of all, by using the 

empirical mode decomposition (EMD) and the Fast Fu Liye transform (FFT) on the zero sequence 

signal fault feature extraction. And then through the information gain degree to calculate the weight 

of the line selection method. The sample data of each method separately using the simplex method 

(SM) to optimize the parameters of least squares support vector machine (LSSVM) integrated line 

selection, weight and the line fault value. Through the system simulation, the results show that the 

proposed method has very high accuracy and sensitivity ,which is applied to the fault line. 

Introduction 

Small current grounding mode is the main form of operation mode of neutral point of distribution 

network in china. Under the operation of single phase to ground fault in distribution network fault 

accounted for about 70%~80%, so when the single-phase grounding fault happens , selecting  the 

fault line quickly and accurately is very important. 

In order to improve the accuracy of line selection, domestic and foreign scholars put forward many 

methods for single phase to ground fault line selection, which is mainly divided into 3 categories:  

fault line selection method of steady state signal, fault line selection method of transient signal and 

information fusion . Fault line selection method of steady state signal has great limitations, which 

due to the neutral point grounding mode and the influence of grounding fault types . 

The  fault line selection method for transient signal obtained the widespread attention of domestic 

and foreign experts. Because of the development of signal  time-frequency analysis tool, and the 

transient signal contains abundant fault information. 

In recent years, due to the continuous development of information fusion technology, the various 

methods of integration has become a hot line selection. Evidence fusion, rough set, fuzzy neural 

information fusion technology has been applied in the fault line, and has achieved a certain effect. 

However, because  the information fusion technology requires a large number of samples for pre 

training, resulting in the sample with high dimension, computer overhead, and lower convergence. 

At the same time, because of the diversity of types of single-phase grounding fault in small current 

grounding system (including: steady state, arc ,the intermittent arc, etc.) so that it is very important to 

the effective integration of a variety of information to improve the accuracy of line selection. In this 

regard, this paper presents a method of model fault line selection based on SM-LSSVM and 

information gain degree and verified. 

Based on supporting vector machine and information gain degree model 

Least squares support vector machine (LSSVM) is the standard supporting vector machine algorithm. 

The method use least square linear system to replace the standard method using two programming as 

the loss function. Assuming linearly separable data setting is ( , )x yi i , 1, 2 ,i M ,
n

x R ;class 
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symbol  1,1y .On the basis of structural risk minimization principle, solving the optimization 

problem of LSSVM. 
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In the formula,  as the weight vector; 
e
k for the relaxation coefficient; c  as boundary 

coefficient; b  as the deviation;
( )g x i  as for the mapping function. The introduction of the Lagrange 

multiplier, the type (1) is transformed into unconstrained objective function: 
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Each variable of type (2) respectively in the derivative, the derivative equal to zero and the 

elimination of variables and obtain the dual problem of linear system: 
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In the formula:  
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as Kernel function satisfying the Mercer conditions. By solving the classification decision 

function:in the formula,  as a plus of controlling radius, reflecting the characteristics of the data 

clusters. 

Assuming X as a sample data set, A as the set of attributes selection method, Among 

them  mPPPA ,2,1 , Fault and non fault line is divided into two categories, then  
21

, XXX  , The number of 

samples for the class i  is iX
, the total sample number in the X is

X
.If a sample belongs to the class 

i  of probability is )( iXP ,then 

  /P X X Xi i
                                        （4） 

At this time, the extent of uncertain information for X  means transmitting message is )(XM . 
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If you choose a fault line selection method P ,assuming method P has character of
, , ,1 2p p p j ,in 

the case of
P p j

,the number of class i  is
Cij .In the case of

P p j
,the total number is

Yi .Then the 

probability p is  

 | /P X P p C Yi j ij i 
                                    （6） 

On the basis of type (7) can be calculated by the method p of sample data on the conditional 

entropy is 
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Then the classification of information entropy is 
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The p method for the amount of information provided by the accuracy of fault line selection 

means the information gain degree is   
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The normalization of information gain degree is the weights selection method (10). 
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By type (10) to determine the weight of each method. 

The integrated line selection based on supporting vector machine and the small current 

grounding fault information gain degree 

In small current grounding system, when the single phase to ground fault occurs, mainly on the basis 

of steady state signal and transient signal method to judge the fault line. In order to achieve 

integration of multi criterion of fault information ,the establishment of fault measure by measuring 

the degree of fault lines (11). 

 
     X k X k X knP rP aP                                     （11） 

For the steady component using FFT to extract the fault feature, because the signal characteristics 

of the non fault line and fault line steady method is obviously different. The relative measurement of 

fault and fault measurement can be easy to set up, and in the literature has a large number of analysis, 

which will be not repeated them. In small current grounding system, single phase to ground fault 

occurring, the transient fault contained rich information. In addition ,transient information is not 

affected by the grounding mode. So the transient fault information has a certain advantage. But the 

extraction of transient fault and  transformation  to sign degree scale have certain limitations.  At 

present, mainly through the wavelet packet feature extraction fault transient component of energy 

established relevant measure function, but the function is not easy to select the wavelet packet. 

Therefore, this paper uses a new time-frequency tool of empirical mode decomposition (EMD) to 

extract transient energy. 

The main idea of EMD is to use EMD to decompose the signal into a finite IMF (fixed mode 

function) and one residual component,and the specific method through the minimal continuous 

signal value and the maximum envelope line connection means, the original signal is decomposed 

into 
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Should meet two conditions: one is the decomposition of the time series, extreme point and zero 

crossing number equal to or a difference of 1; two is at any given moment, on the time axis signal 

locally symmetric 

Through EMD dividing the frequency components of the signal decomposition of the order into 

from high to low. From the frequency domain, layers of filtration performance from high to low 

frequency. In small current grounding system, need to be transient component within the band, so 

only need to select the appropriate band IMF analysis. . 

The experimental analysis 

In this paper, setting up  a 7 110kv/35kv distribution network feeder system model,. The parameters 

are as follows: feeder, the overhead lines, the positive sequence of resistance, inductance, the 

positive sequence admittance to ground zero, zero sequence resistance, the inductance, zero sequence 

admittance to ground, line length, as shown in figure 4. The L1~L7 line length were 1km, 1.5km, 

2km, 1.5km, 3km, 5km, 10km. 

In order to verify the validation of the method in this paper, setting the example . The 7 line’s 

closing angle  in 10% the single-phase grounding fault through .The methods of fault line selection 

using SM-LSSVM to select the fault line, the reactive power method and zero sequence admittance 

amplitude method to vote. Table 1 gives the results of line selection, from the table 1 we can see 

when in the line 3 occurred  in 50% closing angle    happens to the single-phase grounding fault 
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through ,then the fault line low weight is 0.4459, and the non fault line weight is high, which is due 

to the transition resistance, and closing angle caused by small cycle after fault transient component is 

short and the content is small, the steady-state amplitude is small, so the conditions of line selection 

is bad. 

Table 1 The result statistics of part line detection 
Fault line 

Target Line 
Fault angle/ angle，Transition 
resistance / Ω，Fault distance 

Selection results 
Fault weight Selection  results 

1 1 0，5000，10% 0.9420 correct 
2 2 45，0.5，90% 0.8206 correct 

3 
3 

45，5000，50% 
0.4459 correct 

2 -0.1022 correct 
6 -0.2797 correct 

7 
7 

90，50，10% 
1 correct 

6 -1 correct 

Conclusion 

This paper presents a method of fault line selection in small current based on SM-LSSVM and 

information gain degree. To verify the correctness of fault line selection methods based on this 

simulation model, and draws the following conclusion.The use of EMD to the transient component is 

divided into a number of IMF, each IMF represents a different frequency, and  different frequency 

band by establishing energy entropy.To optimize the parameters of the LSSVM by using the simplex 

method, which avoiding the large amount of calculation, overhead long time , and has fast 

convergence and high precision.The method of using SM-LSSVM to reduce the dimension of fault 

line selection, data processing, so that the number of samples are smaller, while the SVM is suitable 

for processing small sample data, so it is reasonable. 

REFERENCES 

[1]Tang Yi, Chen Kui, Chen Qing,et al. Study on Earthed Fault Location Method in Indirectly 

Grounding Power System Using Maximum Value of Absolute Value Summation of Measurement 

Admittance Mutual Difference[J].Proceeding of the CSEE,2005,25(6):49-54. 

[2]Xue Yongduan,Feng Zuren, Xu Bingyinet al. Earth Fault Protection in Non-solidly Earthed 

Network Based on Transient Zero Sequence Current Comprarison[J]. Automation of Electric 

Power Systems,2003,27(9):48-53. 

[3]Zhao Xinhong, Yuan Hong, Che Wei,et al. Study of Arc-grounding Fault Selection Based on 

Wavelet Analysis for the Small Current Neutral Grounding System[J]. High Voltage Engineering, 

2005,31(10):18-20. 

[4]Zhang Haiping,He Zhengyou,Zhang Jun. A Fault Line Detection Method for Indirectly Grounding 

Power System Based on Quantum Neural Network and Evidence Fusion[J]. Transactions of China 

Electrotechnical Society ,2009,24(12):171-178. 

[5]Zhang Kai, Yuan Zhaoqiang, Fan Liping. Research on Improving Algorithm of the Fault Line 

Selection Device Based on the Rough Set Theory[J]. Power System Protection and 

Control,2010,38(4):15-20. 

[6]CHEN Zhi-liang, FAN Chun-ju. Fault line selection for small current neutral grounding system 

based on the fifth harmonic current mutation in distribution system[J]. Proceedings of the Chinese 

Society of Universities for Electric Power System and Automation ,2006,05:37-41. 

[7]LAI Ping, ZHOU Xiang-ling, LING Qiu-dan. Research on transient-current frequency analysis 

and faulty line detecting method in indirectly grounding power system[J]. Power System 

Protection and Control, 2015,04:51-57. 

1081

http://dict.cnki.net/dict_result.aspx?searchword=%e7%bb%9f%e8%ae%a1&tjType=sentence&style=&t=statistics


 

[8]GONG Jing. Using wavelet packet decomposing coefficient to achieve distribution network 

single-phase ground fault line selection[J]. Power System Protection and Control, 2009,24:94-99. 

[9]PAN Zhen-cun, ZHANG Hui-fen, ZHANG Fan, SANG Zai-zhong. Analysis and modification of 

signal injection based fault line selection protection[J]. Automation of Electric Power Systems, 

2007,04:71-75. 

[10]Dai Jianfeng, Zhang Yanxia. Study on Adaptively choosing Fault Line Under Single-phase to 

Ground Fault Based on Analysis of Multi-frequency Bands[J]. Proceeding of the 

CSEE ,2003,23(5):44-47. 

1082




