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Abstract—Fuzzy Comprehensive evaluation is usually 
influenced significantly by the matrix of fuzzy relation and 
weight vector. For a sequential segmentation category, the 
principle of the lowest cost, the principle of maximum degree of 
measure and the principle of maximum degree of membership 
sometimes can get unreasonable conclusion, because they conceal 
the difference of two degree of membership. First of all, a new 
expanded least deviations algorithm is presented for combining 
index weights, then bring out a improved fuzzy Comprehensive 
evaluation method based on reliability code. The proposed 
method can overcome the shortages of the traditional fuzzy 
Comprehensive evaluation. Case results clearly show that the 
proposed method is attractive and effective. 
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I.  INTRODUCTION 
Fuzzy Comprehensive evaluation is one of the most widely 

used methods in the decision-theoretic [1-8], but it is usually be 
influenced significantly by the matrix of fuzzy relation and 
index vector. For a sequential segmentation category, the 
principle of the lowest cost, the principle of maximum degree 
of measure and the principle of maximum degree of 
membership sometimes can get unreasonable conclusion, even 
sometimes can get error conclusion, because they conceal the 
difference of two degree of membership [9-12.] In this paper, a 
new expanded least deviations algorithm is presented for 
combining index weights, then bring out a improved fuzzy 
Comprehensive evaluation method based on reliability code. 
The proposed method can overcome the shortages of the 
traditional fuzzy Comprehensive evaluation. Case results 
clearly show that the proposed method is attractive and 
effective. 

II. IMPROVED FUZZY COMPREHENSIVE    
EVALUATION METHOD  

Suppose the index set 1 2{ , , , }nX x x x= ⋅⋅⋅ and the 
evaluation set 1 2{ , , , }mY y y y= ⋅⋅⋅ . R is the fuzzy relation 
between the indexes and the evaluation results; it is used to 
express all possibility that the index ix ( 1, 2,i n= "" )  

belongs to the evaluation results jy ( 1,2,j m= "" ). For 

instance, ijr is the possibility that ix  belongs to the evaluation  

Results jy . 1 2( , , , )nω ω ω= ⋅⋅⋅ω  is weight vector, it indicates 
the importance of the indexes in the evaluation process. The 
result of the evaluation is fuzzy sets B, here 1 2( , , , )mb b b= ⋅⋅⋅B , 

ib ( 1, 2,i m= "" ) means the degree of membership. 

A. Expanded Least Deviations Aalgorithm for Combining 
Index Weights  
In the process of the fuzzy evaluation, determining the 

proper weight is one of the most important procedures and has 
direct impact on the results of comprehensive evaluation. The 
judgment matrix method of the AHP（Analytic Hierarchy 
Process）is used in this paper. AHP is a method that through 
the analysis of complex systems and relationship between the 
factors contained, and then the system will be broken down 
into different elements, and these elements are incorporated 
into different levels, so as to form a multi-level analysis model 
objectively. According to a certain scaling theory, all the 
elements of each level will be compared so as to get the 
comparative scales indicating relative importance of the 
elements and establish the judgment matrix. By calculating the 
maximum eigenvalue of judgment matrix and the 
corresponding eigenvector to get the orders of the elements of 
each level to a certain element from the upper level, and thus 
the weight vector is determined. For the detailed algorithm 
about AHP can get in reference[13]. 

For a number of experts or a group of experts involved in 
evaluation process, the following expanded least deviation 
algorithm [14] can be used to combine the multiple expert 
judgment matrixes to get the final weight vector. The algorithm 
in one hand can integrate the experts’ judgment information to 
the utmost; in another hand can reduce the dependence on 
individual expert. 

Suppose ,[ ]l ij l n nb ×=P ， 1,2,l m= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ is the judgment 
matrix group, m is the number of the evaluation experts,   

[ / ]i j n nω ω∗
×=P is the weight matrix to be solved; 
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Suppose the Disturbance Matrix 
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least squares model as follow： 
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This solution to the above optimization problem is given 
by the Lagrange function: 
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where k >0 is the Lagrange multipliers，then making  
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We can obtain 0k = ，then ω  must satisfy: 
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The steps of using expanded least deviations algorithm for 
combining index weights are as follows:  

Step1: give failure valueε >0，let 0k = ，give initial 
value  at random 1 2(0) ( (0), (0), , (0))nω ω ω= ⋅⋅⋅ω . 

Step2:compute ( ( ))i kϕ ω , 1, 2,i n= ⋅⋅ ⋅ ⋅⋅ ⋅ ,if ( ( ))i kϕ ω <0 for 

all i , accept the iteration value, it shows ( )kω  is mineral 
solution of ( )h ω ，end。or wise ，turn to step3。 

Step3:suppose ( ( )) max ( ( ))s ik kϕ ϕ=ω ω ，then compute  
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Step4: let 1k k= + , back step2. 
 

B. Evaluation Ccriteria  
The Reference [12] showed that for a sequential 

segmentation category, the principle of the lowest cost, the 
principle of maximum degree of measure and the principle of 
maximum degree of membership sometimes can get 
unreasonable conclusion, even sometimes can get error 
conclusion, because they conceal the difference of two degree 
of membership. therefore proposed the principle of reliability 
code. 

If evaluation categories 1 2( , , , )ky y y⋅⋅ ⋅ ⋅ ⋅⋅ is a sequential 
segmentation of the attributes space Y, xµ  is the membership, 
here membership requires to unitary. λ is  reliability code, 
considering the generally range of λ is 0.5< <1λ , 
here 0.6 ~ 0.7λ =  .If 1 2, , , ky y y⋅ ⋅ ⋅ ⋅ ⋅⋅ meet 1 2> > > Ky y y⋅ ⋅ ⋅ ⋅ ⋅ ⋅ , 
and 
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One can obtain that ix belongs to category
0ky . 

If 1 2, , , ky y y⋅ ⋅ ⋅ ⋅ ⋅⋅ meet 1 2< < < Ky y y⋅ ⋅ ⋅ ⋅ ⋅ ⋅ , and 
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One can obtain that ix belongs to category 
0ky  . 

C. Improved Multi-level Fuzzy Comprehensiv Evaluation 
Method  

Step1: Decompose the index set 1 2{ , , , }nX x x x= ⋅⋅ ⋅  into 
s sub-set according some specific attribute, 

1 2{ , , , }
ti i i ipX x x x= ⋅⋅ ⋅ ， 1, 2,i s= ⋅⋅⋅ ，satisfy:  
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Step2: Use single level fuzzy Comprehensive evaluating 
to each iX  Suppose the evaluating set is 1 2{ , , , }mY y y y= ⋅⋅ ⋅ , 

1 2( , , , )
ti i i ipω ω ω= ⋅⋅ ⋅ω  is the fuzzy weight vector of each 

element from iX  ,here, requires the ijω to meet ：
1
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j
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， ijω ≥0, 1, 2, tj p= ⋅⋅⋅ . iω  can get by using the expanded 
optimization algorithm.  

If the single element evaluating matrix of iX is iR , then 
the result of single level fuzzy evaluating is 

1 2( , , , )i i i i i imb b b= = ⋅⋅⋅DωB R                 （12） 
Step3: Regarding each iX as a single index, use iB as the 

single index evaluating result, we can obtain R  which is the 
matrix of degree of membership  
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If 1 2( , , , )sω ω ω= ⋅⋅⋅ω is the fuzzy weight vector of 
element iX （ 1, 2,i s= ⋅⋅⋅ ） ,then we can get second level 
fuzzy Comprehensive evaluating vector as follow  

  1 2( , , , )mb b b= = ⋅⋅⋅DωB R                                   （14） 
If the element number of iX （ 1, 2,i s= ⋅⋅⋅ ）get from 

step(1) is too much, we can continue to decompose X   into 
sub-set like third level or more higher level. 

Step4:  Get evaluation results by using the reliability code 
proposed in section 2. 

D. Logical Operator  
The factor “ D ”  used in the fuzzy Comprehensive 

evaluating model = DωB R   is weighted average factor  
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It is relatively better than the other factors, because it can 
save the process information uttermost. 

III. APPLICATION IN THE COMPREHENSIVE EVALUATING OF 
POWER QUALITY 

The information of power quality is not only a significant 
part of technology support system of electricity market, but 
also is one of the constraint conditions of setting electricity 
tariff [15]. At the same time, to improve the quality of electricity 
is a key part of ancillary service in electricity market. 

Therefore, it is a trend and request to monitor and evaluate the 
power quality under the circumstance of electricity market. 

The elements impacting the quality of power commodities 
are in large and complex, namely, power quality needs of a 
number of indicators to measure. How will the sub-indicators 
reasonable description and organization to reflect the quality 
of power together is actually a very complex multi-attribute 
Comprehensive evaluation and decision-making.  

China has promulgated with the power quality national 
standards are: supply voltage allowed deviations; power 
system frequency allowed deviation; utility grid harmonics; 
voltage fluctuation and flicker; three-phase voltage allowed 
imbalance limitation; temporary over-voltage and transient 
over-voltage. In addition, some power quality problems are 
more and more attention by the people, such as the voltage 
sags and interruption, voltage transient movement, voltage 
swell, short-term over-voltage and under-voltage, these 
indicators are mostly transient power quality problems so far 
no uniform standard or index system. In the electricity market, 
another power quality indicator - the service indicators are 
attracting increasing attention. Based on above steady and 
transient factors, the hierarchical model for power quality 
comprehensive evaluation is established as shown in Figure 1. 
There are four first-level indicators of power quality; each 
first-level indicator has some second-level component 
indicators. 

 
Conducting Comprehensive evaluation of static indicators 

figured up with the data from the 95% probability value of the 
monitoring period and used SARFI (System Average RMS 
Variation Frequency Index) [16] for transient indicators. 

Firstly, With the data provided by Electrotek Concepts 
which recorded by monitoring of a PCC(Point of common 
coupling) in a distribution power network to illustrate the 
evaluation methods. Detailed data are shown in Appendix 
Table 1. 

The weights of 10 second-level indicators of voltage 
indicators is calculated by AHP Methods, the scores given by 
four experts used and the expanded optimization algorithm 
expounded in section 2.2, the weight vector is  1 =ω （0.1461

，0.0931，0.0679，0.0998，0.2564，0.0441，0.1994，
0.0392，0.0392，0.0146）. By using the same way we can 
get the weight vector of the first-level indicator as  =ω （

0.5481，0.1301，0.2785，0.0433）. 
The determination of the membership degree function of 

the indicators is divided into three categories, one is the 
steady-state power quality indicators, such as voltage 
deviation, frequency deviation, voltage fluctuation and flicker, 
and so on, most of them are landed within a certain interval 
and closing to zero, charged zero in on both sides of the 
probability of a random. The farther away from the zero value, 
the probability is smaller. So they have in line with the 
characteristics of normal distribution and adopted the 
characteristics of a Gaussian normal distribution as a function 



         

of its membership degree; another is the transient power 
quality (of the incident) indicators, such as the voltage sags 
and interruption, etc. Although, its appearance times in their 
examination period is random, but the frequency is very low, 
for the convenience, we have a triangular function as its 
membership degree; The third is service indicators, we can 
send out questionnaires to the customs in the area (regional) of 
the monitoring lines, and then use the statistical results of as 
the value of the membership degree function of the services 
indicators. 

In accordance with the above improved fuzzy 
Comprehensive evaluation method, 12 group data of power 
quality is used ,the Comprehensive evaluation results shows in 
TableⅠ, it is consistent with the conclusions provided in 
references 17. 

TABLE I.  COMPREHENSIVE EVALUATION RESULTS OF POWER QUALITY  

sample 1 2 3 4 5 6 7 8 9 10 
Results m g g m m e g g q q 
Here: q means qualified, m means medium, g means good, e 
means excellent, u means unqualified. 
 

For Appendix Table Ⅱ , if using conventional fuzzy 
Comprehensive evaluation method, about more than 40% (5 
group) data will obtain unreasonable even wrong evaluation 
results. For example, to evaluate sample 8th by proposed 
method in this paper, one can obtain 0 2k = , and therefore the 
power quality of this time period belong to 2C  categories, 
promptly, the Comprehensive evaluation results of the sample 
is good. According to the conventional method of fuzzy 
Comprehensive evaluation of the evaluation results should be 

1C , in fact we can see that sample belong to 1C or 2C are the 
properties of more or less equal measure, and samples belong 
to 1C and 2C together equivalent to 0.67, accounting for the 
entire attribute more than half, so that the sample belongs to 

1C  attribute category is unreasonable. 

IV. CONCLUSIONS 
An improved fuzzy Comprehensive evaluation method is 

proposed in this paper, the method effectively overcome the 
shortages that the evaluation results seriously affected by the 
fuzzy relationship matrix and weight vector in using 
traditional fuzzy Comprehensive evaluation method. The 
application in Comprehensive evaluation of the quality of the 
power commodities illustrates the effectiveness and the 
feasibility of the proposed method. 
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Appendix:  

TABLE II.  MEASURED DATA OF PCC OF DISTRIBUTION NETWORK  

Sample I11 I12 I13 I14 I15 I16 I17 I18 I19 I110 I2 I3 
1 5 2 1.67 0.89 0 4 3 0 0 1.15 0.116 2.47 
2 11 2 1.40 0.78 1 1 1 0 0 1.55 0.06 2.39 
3 13.7 2 1.11 0.78 0 1 0 0 0 1.20 0.65 2.40 



         

4 7.3 1.1 1.56 0.85 0 2 2 0 0 1.15 0.092 3.50 
5 6 2 1.53 0.75 1 3 0 0 0 0.90 0.07 3.19 
6 3 1 0.96 0.71 0 1 0 0 0 0.94 0.06 1.61 
7 5 2 1.24 0.77 0 2 1 0 0 1.15 0.066 2.74 
8 5 2 1.17 0.73 1 1 0 0 0 1.05 0.06 2.59 
9 4 2 2.08 0.96 5 8 0 0 0 1.87 0.12 4.28 

10 6 2 2.17 0.97 9 10 4 0 0 2.01 0.132 4.34 
  

 


