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Abstract. An improved grey relation analysis method was brought forward, 
based on concept of group relation index and relation index cube. The definition 
and calculating process was given out in this paper. In contrast to traditional 
grey relation analysis, the improved grey relation analysis had two advantages 
over traditional grey relation analysis: A) Greatly strengthened the veracity and 
reliability of relation analysis; B) Having a much broader range of its applica-
tion. The improved method was applied to an application of power quality (PQ) 
disturbance identification in power system. The test result of the application has 
shows that the improved method has a much better effect than traditional grey 
relation analysis. The improved method can also be applied to many other ap-
plications in a wide range. 

1   Introduction 

Grey system theory [1, 2] is proposed in 1980’s, as a tool for considering with uncer-
tainty in extensive application, such as linear planning, forecasting, system control 
and identification. Grey relation analysis is an important part of grey system theory. It 
has been widely used in many applications [3, 4, 5, 6, 7] in recent years. It has even 
been applied in facing recognition combining with other statistical method [3]. Study 
of grey relation analysis is going on. Recently an optimal grey relation analysis was 
brought out in paper [6].  

Power quality (PQ) has been an important concern for utility, facility and consult-
ing engineers in recent years. It is necessary to analyze PQ problem and provide rea-
sonable compensating measurements to improve the PQ. Detection and identification 
of PQ disturbances is an important task in the work. Researches have been adopted 
many technologies, such as neural networks [8], genetic net [9], expert system [10] 
and fast match [11], to identify these disturbances. These technologies have a com-
mon shortcoming of complex computation, and thus are difficult to be used in real 
time application. Many PQ disturbances, such as harmonics, transient pulse,  
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low-frequency oscillation, white noise and so on, change in extent and frequency. 
These PQ disturbances can be taken as variable of grey system. In this paper, we 
presented an improved grey relation analysis for identification, and realized identifi-
cation of the PQ disturbances simply and effectively. 

2   Improvement of Grey Relation Analysis 

Grey relation analysis is an important part of grey system theory. Here, theory of 
traditional grey relation analysis was introduced first, and then improved grey relation 
analysis was given out. 

2.1   Review of Traditional Grey Relation Analysis 

Assuming that there have two groups of sequences, one group is the reference se-
quences, and the other group is the comparative sequences. The reference sequences 
are myyyy ,,,, 321 , and the comparative sequences are nxxxx ,,,, 321 .They are 

{ } ),,3,2,1()(,),3(),2(),1( niNxxxxx iiiii ==  . (1) 

{ } ),,3,2,1()(,),3(),2(),1( mjNyyyyy jjjjj ==  . (2) 

Where )(kxi  and )(kyi  are the k-th characteristic component of ix  and iy  respec-

tively. 
Then the grey relevant coefficient is defined in traditional grey relation analysis as 

follow 
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In the above equation, the environmental coefficient is set to 0.5. 
Then the grey relation value is to be  

))(),3(),2(),1(( Nnjijijijij ξξξξξ =  . (4) 

Finally the grey relevant index between the reference sequence jy  and the com-

parative sequence ix  is defined as follow 
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Where ijr  represents the relevant degree between the reference sequence jy  and the 

comparative sequence ix . These ijr  £¨i=1,2,...,n; j=1,2,...,m£© composed a matrix 

named Relation Index Matrix, shown as follow 
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The traditional relation analysis is widely used in many applications. However, it 
relies much on the correctness of reference array. When there are relatively strong 
characteristic of disperse and random in the reference sequences, the precision and 
reliability of relation analysis will greatly be worsened. That will be shown in the 
latter part of the paper. 

2.2   Improved Grey Relation Analysis 

Assuming that there have m*b reference sequences, as following, 
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Where { };,,,, 321 b
iiii yyyy   ( m,1,2,3,…=i ) belong to the same group of 

reference sequence iy . They are relevant each other, for example, they are the same 

type of PQ disturbances. On the other hand, they are independent in some degree.  
The comparative sequences are the same as equation (1) . 

 

Fig. 1. The sketch map of reference sequences and comparative sequences 
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The relation sketch of the reference sequences and comparative sequences are 
shown in Fig.1, in which there have two groups of reference sequences ( 1y , 2y ) and 

two comparative sequences ( 1x , 2x ). 

With the assumption above, the Relation Index Cube is defined as follow:  
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Where w
ijr  is the individual relevant coefficient between individual reference se-

quence w
iy  in group w  and comparative sequence jx . It can be obtained from the 

following equation.  
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Where the individual grey relevant coefficient )(kw
ijξ  is defined as： 
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With the Relation Index Cube, the Group Relation Index matrix groupR  is defined 

at last as follow, 
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Where the Group Relation Index ijr~  is defined as follow 
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It represents the relevant degree of the i-th comparative sequence and the j-th group 
reference sequences. The Group Relation Index matrix groupR  can represent the  
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relationship between the comparative sequences and these groups of reference se-
quences as a whole.  

In contrast to traditional grey relation analysis, the improved grey relation analysis 
has two following advantages at least. First, it has a much broader range of its appli-
cation than traditional grey relation analysis because of its lower request of reference 
sequences data. The improved grey relation analysis can be applied in case of which 
the reference sequences are strong disperse. Second, it greatly strengthened the verac-
ity and reliability of relation analysis. The efficiency of the improved grey relation 
analysis relies not on one individual reference sequence but on a group of reference 
sequences. The total effect of the improved method is much better than that of tradi-
tional grey relation analysis. 

3   Application of Improved Grey Relation Analysis on Identifying 
PQ Disturbance 

There have many kinds of PQ disturbances in power system, such as harmonics, volt-
age fluctuations, frequency deviation, sags, swells, over-voltage, under-voltage, tran-
sient pulse, low-frequency oscillation, high-frequency oscillation, and white noise. 
Among them, harmonics, transient pulse, low-frequency oscillation and white noise 
are similar and most difficult to identify. Many technologies are often relatively com-
plex. This paper gives a new method based on the improved grey relation analysis. 

The basic principle of identifying PQ disturbances with improved grey relation 
analysis is shown as Fig.2. 

 

Fig. 2. Identification of PQ disturbances with improved grey relation analysis 

Step of identifying PQ disturbances with the improved grey relation analysis is 
shown as below. 
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3.1   Construct Reference Signal of PQ Disturbance 

In this article, the reference and testing PQ disturbances are generated from power 
system simulation.   

The PQ disturbance is detected through an improved PLL system first, described as 
Fig. 3.  

 

Fig. 3. Block diagram of the improved PLL system 

The improved PLL system is a stable phase feedback control system, which could 
exact out the basic frequency component of the input signal without phase error. It 
also produces many useful outputs.  The output y(t) is not only coherent with but also 
synchronized with the basic frequency component. The filter also produces instanta-
neous extent A(t), phase )t（φ  and frequency )(tω of the basic frequency component, 

and the error signal e(t) which represents deviation of input signal from the output 
signal. With output y(t) and error signal e(t), the filter can exact out the ideal compo-
nent of input and the total disturbance. With outputs these outputs, the filter can detect 
out most of PQ disturbance. As an adaptive system, the PLL system is robust with 
respect to small change of basic frequency of input signal. Because of these character-
istics, the PLL system is suited for detecting the PQ disturbance. 

3.2   Extract the Features 

With the output A(t), )(tω and e(t) of PLL system, the characteristic data of the PQ 

disturbances, including reference signal and detected signal, is obtained. Following 
features are extracted from PLL output.  
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8)  The four maximum and minimum value of )(te  and its relevant time. 

With these features, the PQ disturbances, including harmonics, transient pulse, 
low-frequency oscillation and noise could be identified. Five samples of reference 
signal, harmonics, transient pulse, low-frequency oscillation and noise are produced 
in-order. Five testing signal of harmonics, transient pulse, low-frequency oscillation 
and noise are produced by the same order. 

Five groups of reference sequences obtained from reference signal are shown as 
following 
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Where ( ) 5,4,3,2,1,4321 =jyyyy jjjj  is one group of reference sequence, and 

( )54321
iiiii yyyyy  belongs to the same type of reference signal. When i=1, it 

belongs to harmonics; when i=2, it belongs to transient pulse; when i=3, it belongs to 
low-frequency oscillation; when i=4, it belongs to noise. 

Five comparative sequences, including 20 test samples, are gotten from test sig-
nals. Each comparative sequences likes as  

4321 xxxx  . (14) 

Where { } ),,3,2,1()(,),3(),2(),1( niNxxxxx iiiii == . )(kxi  is one component 

of features. In order to better display of analysis, each comparative sequences is ar-



1166 G. Lv, X. Cai, and Y. Jin 

range as: 1x  is a comparative sequences of harmonics, 2x  is of transient pulse, 3x  is 

low-frequency oscillation and 4x  is of noise. 

3.3   Improved Grey Relation Analysis 

Set =∝p  and 1=p  in equation (13). Two kinds of Group Relation Index matrixes are 

obtained in relation analysis. The results of first test are shown as equation (15) and (16):  
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The big value of grey relation means the strong relationship. Here we consider the 
largest relation index as belonging relation. Shown as equation (15) and (16), both 
two kinds of improved grey relation analysis methods can identify all these testing PQ 
disturbances correctly in this test. From first line of _maxgroupR , the test sample 

1x could be identified as the harmonics correctly. From second line of _maxgroupR , 

the test sample x2 could be identified as the transient pulse correctly. From third line 
of _maxgroupR , the test sample x3 could be identified as the low-frequency oscillation 

correctly. From last line of _maxgroupR , the test sample x4 could be identified as the 

noise correctly. The same results could be obtained in four other tests. 

Take each jjjj yyyy 4321 , 5,4,3,2,1=j  as the reference sequences of one sam-

ples of reference signal for traditional grey relation analysis. Five times of relation 
analysis are made. Corresponding to five reference sequences, five Relation Index 
Matrixes are obtained as follow: 
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= R5  . (21) 

As shown above, some error results are produced in R1 and R3 because of un-
matching between reference signal and test signal. It has been proved that identifica-
tion with the improved grey relation analysis has better satisfaction with towards 
dispersed reference signals than that with tradition grey relation analysis. The correct 
ratio of identification in improved grey relation analysis is much higher than tradition 
relation analysis method. 

The improved grey relation analysis is an exploration method for PQ disturbances 
identification, it is worth of explore for the future. 

4   Conclusion  

The main purpose of article is to investigate an improvement of grey relation analysis 
based on concept of Group Relation Index. Each kind signal of the reference se-
quences is only one sample in traditional grey relation analysis, while each kind sig-
nal of the reference sequences is a group sample in improved grey relation analysis. 
The improved method has the following properties: 

A) Has a much broader range of its application.  
B) Greatly strengthened the veracity and reliability of relation analysis. 

The verification of the improved relation analysis is asserted through one applica-
tion on identifying PQ disturbances. It has been proved that identification with the 
improved grey relation analysis has higher satisfaction with towards dispersed refer-
ence signals than that with traditional grey relation analysis. The improved grey rela-
tion analysis is a progress of traditional grey relation analysis, and it could be widely 
applied in many other applications for the future. 
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