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Abstract 

In order to improve the fault positioning accuracy of distributed generation power 

distribution network, it puts forward fault positioning method of distribution network 

equipment based on blended data association rule data mining method. Based on fuzzy 

rough set theory, it studies classification rule mining method on hybrid data, through the 

introduction of the rule to obtain the a generalized threshold of the algorithm, and control 

the scale and complexity of the obtained rule set, so as to improve the classification 

efficiency of rough set method of knowledge discovery on the failure data and get the fault 

positioning feature of distribution network, finally adopts the support vector machine 

(SVM) to make fault classification, and tests the performance of the algorithm with 

simulation experiment. The simulation results show that, this paper can be quickly and 

accurately to locate fault power section, and the fault positioning accuracy is higher than 

other fault positioning methods of distribution network. 
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1. Introduction 

With the rapid development of our country economy, and the constant 

improvement of people's life quality, the demand for electricity in the production 

and living is becoming more and more large[1]. Distributed Generation, DG 

technology has changed the structure and operation mode of distribution network, 

puts forward higher requirements on fault positioning reliability, so how to improve 

the fault positioning accuracy of Distributed generation power distribution network, 

become a hot spot in current study of electrical applications [2]. Due to containing 

distributed generation power distribution network fault positioning has very 

important practical application value, a lot of experts and scholars have put into the 

study of the problem, and proposed many effective fault positioning algorithms of 

containing distributed generation power distribution network [3, 4]. The fault 

positioning method of current containing distributed generation power distribution 

network is mainly divided into two categories: one is fault positioning method based 

on perfect information, another kind is fault positioning method based on the 

imperfect information [5]. In positioning method based on perfect information, the 

matrix algorithm is widely studied due to its fast computing speed.  

There has no Literature on the analysis and research on rough set rules for 

blended data mining method. This paper makes systematic research on rule mining 

algorithm based on fuzzy rough set model, the method leaves out blended attribute 

of pretreatment process, can be directly analyzed the blended data, and provides 

support for the classification knowledge of network equipment fault diagnosis data 

with rough set method. With a good adaptability, this new method can effectively 

decompose the complex signal into several intrinsic mode features (IMF) can 
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highlight the local signal features, can better grasp the original local signal features, 

using the EMD decomposition method is not only no need of selecting basis 

function, but also can be decomposed according to the signal characteristics, and 

can highlight the local features of signal accurately, with very good adaptability as 

well[11]. In order to improve the fault positioning accuracy of distribution network, 

aiming at the shortcomings of the current fault positioning method, it puts forward 

based on the fault positioning method of distribution network based on empirical 

mode decomposition, and tests the performance of this method with simulation test. 

The simulation results show that the distribution network fault positioning algorithm 

can quickly, accurately to locate fault interval. 

 

2. LERS Rule Mining System Based on Rough Set 

LERS rule mining system based on rough set is the most widely used one of 

rough set knowledge acquisition system. Algorithm LEM2 is the typical rule mining 

algorithm of LERS system, the upper and lower approximation set of Pawlak rough 

set model as the input of the algorithm, sets certainty rule and possibility rule for 

inconsistent data sets. LEM2 algorithm has been successfully applied in the 

knowledge discovery and data mining of fault diagnosis decision Table [4]. 

 

2.1. Rough Set Rule Mining Model 

The basic concept of algorithm LEM2 is using attribute value for modeling. For 

an attribute value, ( , )jt c v , jc C , v V ,the block of t is denoted as [ ]t , it is 

composed by a series of objects in the theory of domain U, these objects satisfy 

{ | , }jx x v x U  . Assumed that B is a non-empty lower and upper approximate set 

of category set,T is the attribute value pair set of one object,that is set B depends on 

set T if and only if [ ] [ ]t TT t B   . Set T is called as the minimum coverage of 

set B,if and only if B depends on T,an no other subset T   of T,satisfies B depends 

on T  .Assumed C  is a non-empty minimum set, C  is the local coverage of B, if and 

only if: 

1) [ ]T T B n , 

1) [ ]T T B n , 

2) C  is minimum, that is no subset C  of C  satisfies condition 1). 

Algorithm LEM2 adopts strategy based on priority, each selection has attribute 

value with the highest priority and add it into the partial minimum coverage. When 

given a partial coverage, the algorithm transformed into a set of rules set. Rule 

mining based on rough set method does not need to make changes on model, can 

combine with the discretization method, attribute reduction method for the 

knowledge acquisition on fault diagnosis blended data. 

 

2.2. Measurement of Classification Rule 

Pawlak gave the property of generalized decision rule. For a given decision 

information system DIS,DK indicates a generalized decision class,where K 

represents example set related to DK. p represents a basic condition,that is the (a,v) 

condition attribute-value pair,where a∈C and v∈Va,assumed 1 2 ... np p p     

is a conjunctive form of basic condition,[Φ] represents the coverage of Φ,that is the 

sample set satisfying all basic conditions ofΦ , [ ] [ ]K K     is called as the 

positive coverage ofΦ on K,  [ ] [ ] \K U K     is called as negative coverage  on 

K. 
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Definition 1  For a given decision list DIS, DK is a generalized decision class, the 

classification rule r can be expressed as: 

IF Φ THEN DK, 

Or simplified as： KD . 

Where, Φ is the condition of r, satisfies [ ]K

  , and DK is called as decision 

part of r. If DK is a single decision, rule r is called as certainty rule, if DK is the 

association of multiple decisions, then rule r is called as possibility rule.  

Definition 2. For a given classification rule r, K is the sample set covered by 

generalized decision DK, classification rule r relative to K is significant when and 

only when it meets the following conditions: 

(1). Consistency： [ ]K

 ； 

(2). Minimum：if delete any basic condition pi fromΦ,and no longer meet with 

consistent. 

Definition 3  For a given classification rule set R, DK is a generalized decision 

class, if the description of R on DK satisfied the following condition, then R can be 

called as a minimum rule set. 

(1). For random r∈R it is significant； 

(2). [ ]r R K   ； 

(3). Delete any rule r∈R,R\{r} no longer satisfies condition (1) and (2). 

Definition 4 For a given decision information system DIS, r is the classification 

rule of decision table, Φ represents condition of the rule, DK is the decision of the 

rule, while the support, coverage and reliability of some decision di∈Vd can be 

respectively defined as: 

sup ( ) | [ ] | / | |r U    

cov ( ) |[ ] | / | |Kr D    

( , ) | [ ] | / | [ ] |
icer i dr d     

It can be known from definition 4, support indicates the samples of support rule 

in the theory of domain; coverage indicates the proportion of supporting number in 

the corresponding generalized decision classes; credibility indicates the probability 

of correctly using the rule for reasoning. After obtaining classification rules, it 

needs to evaluate the extracted rule. The common method is the recognition rate of 

test rule on test sample classification, the smaller the error rate is, the better of the 

rule it is. 

 

3. Rule Mining Algorithm of Blended Data of Fault Diagnosis on Power 

Network Equipment 

Pawlak rough set model only operate on the data set containing symbol attribute. 

The fault diagnosis decision table usually contains heterogeneous attribute. The 

following will discuss classification rule mining algorithm of blended data on the 

basis of the fuzzy rough set model. 

 

3.1. Rule Mining Model Based on Fuzzy Rough Set 

A clear equivalence relation can be generated as the clear division on the theory 

of domain, and a fuzzy equivalence relation can be generated as the fuzzy partition 

on the theory of domain. Therefore, attribute values in rough set rule mining 

algorithm on block definition can be naturally extended to fuzzy equivalence space. 

Definition 5 Assumed ( , )jt c F  is the attribute value pair of blended decision 

information system, then the fuzzy block definition of t is： 
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 [ ] j
x U F

t x


   

Obviously, [ ]t is fuzzy equivalence class generated by x on fuzzy equivalence 

relation R. According to the nature of the fuzzy equivalence relation, [ ]t  is a fuzzy 

set. This is the primary difference between fuzzy block and clear block. It's easy to 

see that, as the clear set is the natural extension of the fuzzy set, the definit ion of 

fuzzy block is the natural extension to the definition of clear block. If the property is 

discrete, equivalence relation matrix and equivalence class will be degenerated into 

block definition of classic algorithm. 

Definition 6  Assumed R is fuzzy equivalence relation, X is the clear set of 

object, then the upper, lower approximation set is defined as:  

{ |[ ] , }RRX x x X x U    

{ |[ ] , }RRX x x X x U     

The operation“  ” contained in fuzzy set theory is first proposed by professor 

Zadeh,called as Zadeh contain. However, this definition is over strict in practical 

application. Here, it adopts a week contain operator “  ”,that is x U  , A B if 

and only if max(1 ( ), ( ))A Bx x    . 

Definition 7 Assumed X is a clear set,T is a set of attribute value pair, set X  -

approximately depend on set T if and only if： 

[ ] [ ]t TT t X   , 

Where, min( ( ), ( )) /A B
x U

A B x x x 


   . 

Assumed B is a classified non-empty lower, upper approximation clear concept 

set, Tis a attribute value pair set. Set T is one approximate minimum coverage of B, 

if and only if B  - approximately depend on set Tand no subset T   of T can make B 

satisfies - approximately depend on T  . 

Definition 8 Assumed C is a non-empty approximate minimum coverage set, that 

is the set of attribute value pair, B is a classified clear object set on theory of 

domain. C is a ( , )k of B, approximately local coverage, if and only if the following 

conditions are satisfied: 

Definition 8 Assumed C is a non-empty approximate minimum coverage set, that 

is the set of attribute value pair, B is a classified clear object set on theory of 

domain. C is a ( , )k of B, approximately local coverage, if and only if the following 

conditions are satisfied: 

1) For any element T of C ,T is a  - approximate minimum coverage of B, 

2) ( [ ], )TH T B k n , 

3) C  is the minimum, that is C has the least element, 

Where, the dissimilarity degree of two fuzzy sets are defined as 

| | | |
( , )

| |

A B A B
H A B

A B

  



, | | ( )

x U
x

  , (1 ( )) /A
x U

A x x


  , ( , ) [0,1]H A B  . 

By definition,   and k provides new stopping criteria for rule mining algorithm. 

When 0  , 0k  , attribute is discrete variable, the stopping criteria is degraded 

into the same stopping condition as the algorithm LEM2. Because the stopping 

condition of algorithm LEM2 is too strict, it may extract too detailed classification 

rules, and make the obtained knowledge overfitting the training data, and running 

time of the algorithm is therefore increased dramatically. To solve this problem,   

and k are introduced into rule mining algorithm, and allowed the input set partially 

depend on concept set, which makes local coverage can not contain a small part of 

the training data. Parameter   and k play the role of relaxation rule mining 
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algorithm, when the data set contains distribution overlapping class or inconsistent 

objects, this mechanism is very effective. 

 

3.2. Rule Mining Algorithm of Fuzzy Rough Set on Blended Data 

Algorithm LEM2 uses the heuristic information to extract frequent attribute value 

to compose the minimum coverage, the same as LEM2, algorithm FRLEM2 

according to the definition of score function to select attribute value with the highest 

score each time to form the approximated minimum coverage, through the parameter 
  and k to control the complexity of the generated rule set effectively, and improve 

the generalization ability to acquire knowledge. Due to the definition of fuzzy block 

is different from classical block, it needs to redefine the score function of attribute 

value. 

Definition 9 For the given attribute value pair t and fuzzy set G, t relative to G 

score function is defined as: 

( , ) |[ ] |Score t G t G   

Assumed { , { }, , }s n fHDIS U C C C d V f     is the blended decision 

table,where sC  represents symbolic attribute set, nC  represents numeric type attribute 

set, fC  represents fuzzy type attribute set, d represents decision attribute. B 

represents the lower, upper approximation set of some class in training data.   and k 

are two arithmetic parameters usually set near zero,the following provide the code 

of classification rule mining algorithm FRLEM2. 

Algorithm: FRLEM2 rule mining algorithm based on fuzzy rough set model  

Input: blended decision table HDIS,a non-empty concept set B, parameter   

and k . 

Output: a ( , )k - approximation local coverage C; 

1:  G B ; 

2:  C ; 

3:  while  T ,( ) kH T B n  do 

4:  T  ; 

5:  while ( T  ) or (not( [ ]T B )) do 

6:   argmax ( , )t Tt Score t G ; 

7:   { }T T t  ; 

8:   [ ]G t G  ; 

9:  end while 

10:  for t T   do 

11:   if \{ }T t B  and \{ }T t   then 

12:    \{ }T T t ; 

13:   end if 

14:  end for 

15:  { }T C C ; 

16:  \ [ ]TG B T  n ; 

17: end while 

18: for T C  do 

19:  if  S \{T} ,( ) kH S B n  then 

20:   \{ }TC C ; 

21:  end if 

22: end for 

23: return C ; 
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Theorem 1. When 0k   , and attribute are all continuous attribute, 

classification rule mining algorithm FRLEM2 is degraded into algori thm LEM2. 

Testify: if 0k   , and attribute are all continuous type, the following 

properties of algorithm FRLEM2 are come into existence: 

1) The fuzzy equivalence relation is degraded into clear equivalence relation;  

2) The definition of   is equivalent to classical dependency; 

3) ( , )k - local coverage is equivalent to classical local coverage; 

4) Fuzzy set operation is degraded into classic set operation. 

It can be known from 1), 2), 3) and 4), the stopping criterion of rule mining 

process of algorithm FRLEM2 and LEM2 is equivalent, so the theorem comes into 

existence. 

Theorem 1 shows the algorithm LEM2 is the particular case of algorithm 

FRLEM2 at 0k  ,  =0, and attribute are all discrete types. In fact, the algorithm 

FRLEM2 avoids the too strict stopping criterion and the limits of algorithm LEM2 

to attribute type. The performance of the algorithm FRLEM2 can also be adjusted 

by the parameter   and k. 

 

4. Simulation Experiment 
 

4.1. Simulation Environment 

In order to test the rationality and validity of the algorithm in this paper, on the 

Pentium (R) 4 core 2.8 GHz, 8G RAM, Windows 7 operating system, to carry out 

simulation experiment with MATLAB R2010b. Simulation model is the neutral 

point un-grounded distribution system, bus bar voltage is 10 KV, two distributed 

powers DG1 and DG2 are 2 MW and 1.5 MW respectively. 

 

4.2. Result Analysis 

When the start point of fault is 0.005s, the fault range positioning results of 

distributed power distribution network by using the EMD algorithm are as shown in 

Table 1. From the analysis of Table 1, you can get the following conclusions: 

When the single-phase grounding fault occurs, compared the maximum value of 

diff (IMF3) modulus of individual monitoring-station fault on zero sequence 

current, the fault branch of diff (IMF3) modulus maximum is larger than that of 

non-fault branch, the largest section of modulus maximum value is the fault power 

section. 

With the increase of transition resistance, the diff (IMF3) modulus maximum 

value shows a trend of decrease, this is because the increase of transition resistance 

would result in a transient signal weakened. But as long as zero sequence current 

exists, it must contain the transient information, the overall trend of the signal has 

not changed, by using EMD decomposition method can extract the transient 

information, so the size of the transition resistance does not affect the positioning 

result. 
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Table 1. Fault Positioning Result of Containing Distributed Power 
Distribution Network (0.05s) 

fault point 
monitoring point No 

positioning result 
1 2 3 4 5 

F1 

1.991 7.484 0.959 2.009 2.045 

fault power section2 1.192 4.574 0.447 1.317 1.064 

0.828 3.742 0.376 0.571 0.888 

F2 

0.311 0.283 0.280 1.325 0.429 

fault power section4 0.204 0.143 0.107 1.091 0.256 

0.273 0.161 0.092 1.032 0.171 

F3 

0.628 0.564 0.326 0.770 2.540 

fault power section5 0.443 0.625 0.291 0.941 2.540 

0.380 0.383 0.218 0.553 1.230 

 

When the start point of fault is 0.01 s, the fault range positioning results of 

distributed power distribution network by using the EMD algorithm are as shown in 

Table 2. From the analysis of Table 2, you can get the following conclusions: 

(1)After the decomposition of fault zero-sequence current at each monitoring 

point, the maximum values of diff (IMF3) modulus are much smaller than that of the 

Table 1, mainly because the frequency and amplitude of fault zero-sequence 

transient current are determined by the transient capacitance current, and the 

amplitude and initial phase Angle are related. 

(2)When the failure of maximum voltage phase Angle (0.005 s) occurs, the 

capacitive current will reach the maximum; when a failure occurs near the voltage 

phase Angle of 0, transient component of capacitive current will be smaller. 

Although the different failure time will affect the size of the amplitude, but the 

overall trend of signal would not be changed. 

(3)The maximum of diff(IMF3) modulus of single-phase grounding fault branch 

is obviously larger than that of non-fault branch, and positioning results are 

accurate, the results showed that in different time of single-phase grounding fault 

occurs, the results of section position of distributed power distribution network with 

algorithm EMD are not affected by fault point. 
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Table 2. Fault Positioning Result of Containing Distributed Power 
Distribution Network (0.01s) 

fault point 
monitoring point No 

positioning result 
1 2 3 4 5 

F1 

0.287 1.124 0.104 0.298 0.341 

fault power section2 0.229 1.247 0.111 0.260 0.266 

0.190 0.942 0.107 0.294 0.172 

F2 

0.098 0.080 0.041 0.348 0.137 

fault power section4 0.115 0.110 0.047 0.453 0.097 

0.070 0.084 0.039 0.361 0.077 

F3 

0.162 0.122 0.042 0.133 0.377 

fault power section5 0.128 0.141 0.049 0.099 0.505 

0.109 0.150 0.050 0.132 0.442 

 

4.3. Performance Comparison with Other Fault Positioning Method of Power 

Distribution Network 

In order to test the performance of the method in this paper, it selects distribution 

network fault positioning methods from literature [12] and [13] for comparison, and 

the single fault and double faults example are used for simulation experiment. The 

fault positioning accuracy and positioning time are shown in Figure 1 and 2. From 

Figure 1 and 2, it is known that compared with the contrast method, the ingle fault 

and double faults positioning accuracy of algorithm for DG distribution network is 

above 96%, and almost no misjudgment, and fault positioning speed is faster, the 

simulation results proved that the method can accurately and efficiently solve the 

fault positioning problem of power distribution network. 
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Figure 1. Comparison of Fault Positioning Accuracy of Power Distribution 
Network with Different Methods 
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Figure 2. Comparison of Fault Positioning Speed of Power Distribution 
Network with Different Methods 

 

5. Conclusion 

In view of the existing fault positioning has the problem of low accuracy, serious 

misjudgment, this paper puts forward a kind of fault positioning method of grid 

equipment based on association rule data mining. The simulation results show that 

the method can make accurate positioning on the fault of containing distributed 

power distribution network, and can meet the requirements of fault positioning 

speed of distribution network, has certain practical application value.  
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