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Abstract — According to the qualitative safety evaluation index system of electric power communication network, it is easy to 
occur in the scoring problems, we put forward a kind of expert evaluation data by correlation degree, solve the problem of 
qualitative index difference. The method based on Relative Grey Relational Analysis on safety evaluation data, the establish-
ment of expert evaluation of the relative degree of grey incidence matrix, according to the relative correlation degree, determine 
the weight of evaluation expert evaluation, improve the accuracy of qualitative indicators, so that the communication network 
security evaluation result is more objective, accurate. 
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I. INTRODUCTION 

With the increasing scale of power network, manage-
ment activity is becoming more and more complex, manag-
ers develop a lot of evaluation index system, management 
and control of the activities, and achieved good re-
sults. From the four aspects of the security of power net-
work, safety, reliability, and adequacy, the paper constructs 
the security assessment system of power network in aspects 
[1]. Literature [2] has pointed out that the construction of 
smart grid is in development stage, faces a lot of uncertainty 
problems. The evaluation index value accurately, put for-
ward the improvement of smart grid comprehensive evalua-
tion of the level of interval number theory and multi index 
grey target model. Literature [3] introduced the develop-
ment process of the safety assessment of electric power en-
terprises in China, and puts forward the important factors 
grey correlation evaluation method to explore influence of 
production safety, and take the corrective measures and im-
prove the benefit of safety investment. The meaning and 
development of safety assessment are described, and the 
emphasis of the whole process of the closed-loop dynamic 
management of the whole process is emphasized [4]. 

As the important part of the power network, the security 
of power communication network is closely related to the 
security of the network [5]. The paper introduces the rela-
tionship between the communication network and the power 
network, and analyzes the security of the communication 
network from the reliability point of view, and establishes 
the reliability evaluation index system of the power commu-
nication network [6]. Under the State Grid Corporation of 
scheduling system security evaluation criteria [7], the con-
tent of safety evaluation of communication network is also 
clear, involving 7 aspects, 40 indicators, the organization of 
the communication network for each 2-3 expert comprehen-
sive evaluation, the communication network problems and 
defects, proposed rectification opinions, for the reference to 
the leadership of the enterprise decision-making. 

There are qualitative indicators and quantitative indica-

tors in the safety assessment index of the communication 
network. The evaluation of quantitative index depends on 
the objective conditions of the object, and the evaluation 
results are more accurate. Qualitative indicator is relatively 
subjective evaluation of many factors, although the index 
system can use various methods to quantify the qualitative 
indicators, but quantitative results are affected by experts 
subjective evaluation, different experts scoring will inevita-
bly lead to bias. The effect on the reliability of the evalua-
tion was analyzed, and the quality of the decision was 
pointed out[8]. At present, safety evaluation by experts re-
view method, Delphi method, fuzzy analytic hierarchy pro-
cess (AHP) etc[9]. Index evaluation, the method is mainly 
according to the expert experience and specific rules to solve 
qualitative indicators of quantitative analysis of the prob-
lem. In practical work, we can use expert evaluation data 
correlation to solve the problem of expert weight distribu-
tion. To make the weights of experts and evaluation data 
association and improve the objectivity of the weight distri-
bution, so that we can make the communication network 
safety evaluation more objective and accurate. 

II. MATERIALS AND METHODOLOGY 

A. Gray correlation method 

Grey system theory [10-12] is Professor Deng Julong, a 
study of the method of less data and poor information un-
certainty. Qualitative indicators are generally of information 
uncertainty, with the characteristics of "clear extension, un-
clear connotation". Therefore, the qualitative index is suita-
ble for gray theory. The gray correlation analysis of the tra-
ditional gray correlation analysis is actually a kind of curve 
geometry analysis and comparison, the geometry is close, 
then the correlation degree is higher. The evaluation steps of 
the gray correlation analysis method are as follows: 

1）Determine the reference sequence and the comparison 
sequence. 

2）The dimensionless treatment for the reference se-
quence and the comparison sequence is carried out. 
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3）To calculate the correlation coefficient ofξ0i( k), the 
calculation formula is as follows: 

 

ξ k     


is the minimum value of absolute dif-

ference between the reference sequence and the comparison 
sequence of the index,  is the Maximum 

value of absolute difference between the reference sequence 
and the comparison sequence of the index, ρ is resolving 
coefficient, , , usually is 0.5. 

4）Computational association degree roi, the calculation 
formula is as follows: 

r ∑ ξ k                     (2) 
This can calculate the correlation between the number of 

the sequence and the reference number of the reference se-
quence, ranging between 0 to 1. The bigger the value of R, 
the stronger the correlation of the sequence. 

B. Relative gray correlation method 

Conventional gray correlation degree analysis set up a 
reference data sequence according to certain rules, the ref-
erence value can make the maximum value, minimum value, 
the mean, or is the optimal value, and then will be evaluation 
data with the reference sequence of correlation degree anal-
ysis [13-15]. In the process of multi expert evaluation for the 
same object, every expert will give a quantitative score with 
subjective factor according to the evaluation basis and expe-
rience. 

 
 

Fig.1 expert evaluation diagram 

 
The evaluation results of the experts are shown in Fig.2, 

each expert's evaluation data can be connected into a curve, 
the correlation degree between the curve and the curve is 
called relative correlation degree. Because each expert's 
evaluation of different degrees of tightness, there will be 
some expert scoring high, some experts scoring low, but 
relative score index will objectively reflect the experts of 
each index evaluation results. That is, curve 1 and curve 2 
have difference in absolute value, but according to the rela-
tive change between curves, experts can judge whether the 
evaluation of the index is the same. As curve 1, 2 and curve 
3 relatively similar shapes, indicating that the expert 1, 2 and 
expert 3 evaluation conclusions are consistent; curve 4 and 
curve 1, 2, 3 relative differences in morphology, which ex-
plains the difference between expert 4 and other experts; 
The more consistent curves are, the easier conclusion is for 
the conclusion of the expert's evaluation; The greater the 

degree of the curve, the higher the credibility of the data; 
The correlation degree between one curve and the other 
curves is larger, then the reliability of the curve is more, 
expert evaluation weight should be greater. 

 
Fig.2expert score data diagram 

 
The key idea of relative grey relational analysis is the use 

of relationship between the curves of the relative correlation 
degree and data reliability, is introduced into the grey corre-
lation analysis method to calculate correlation between any 
two curves, established the matrix of relative degree of inci-
dence, and according to the size of the relative degree of 
incidence, judge expert weights. Specific steps are as fol-
lows: 

Step1: calculate the correlation of any two expert evalua-
tion data. A group of expert data is used as the reference 
sequence, another group of expert data as the comparison 
sequence, using Eq.2 and Eq. 1 for correlation degree calcu-
lation; 

Step2: constructing a multi expert evaluation correlation 
matrix.  

R

r r … r
r r … r
⋮ ⋮ ⋯ ⋮
r r ⋯ r

              (3) 

Step3:find the optimal reference sequence. Calculation 
of matrix rows of data and find out and the maximum num-
ber of rows.  with the largest correlation expert data as the 
reference sequence R0, its formula is as follows: 

r max
,
∑ r                  (4) 

Step4: allocation of expert weight. The reference se-
quence in each correlation.ξ0i(k) and ro as the ratio of the 
weight of experts. Expert weight is Pi: 

	
                            (5) 

Step5: calculate the weighted index score. The expert 
score of each index and the weight of expert can calculate 
the final score of the index X0. 

∑                             (6) 

III. APPLICATION OF COMMUNICATION 

NETWORK SECURITY ASSESSMENT 

In 2013, the area of a power company experts intended 
to carry out safety evaluation work of scheduling system, 
safety assessment contents include: scheduling operation, 
operation method, relay protection, dispatching automation, 
power supply, communication, comprehensive security 
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management 7 professional. Assessment basis for 2009 is 
issued by the State Grid Corporation of the grid scheduling 
system safety evaluation (provincial capital cities and sub 
provincial cities adjustment part), in the evaluation standard, 
the electric power communication involving seven second 

level indicators, forty third level indicators, a total of meter 
200 points (specific indicators (see Fig.3), with the follow-
ing relative grey relational analysis communication safety 
evaluation and analysis 

.
 

 
Fig.3: power communication security assessment index system. 

 

TABLE I. EXPERT SCORE LIST 

  x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17 x18 x19 x20 

exp1 11 8 5 5 6 5 3 7 9 8 5 5 6 4 4 5 5 3 5 7 

exp2 10 7 5 5 5 5 3 7 8 8 5 5 6 4 4 5 5 3 5 7 

exp 3 7 6 5 5 4 5 3 7 7 7 6 5 6 4 4 4 5 3 5 7 

exp 4 11 5 5 5 4 5 3 7 6 7 5 5 5 4 4 5 4 3 5 7 

exp 5 12 4 5 5 5 5 3 7 7 6 5 5 6 4 4 5 4 3 5 7 

 x21 x22 x23 x24 x25 x26 x27 x28 x29 x30 x31 x32 x33 x34 x35 x36 x37 x38 x39 x40 

exp 1 2 3 4 4 2 3 3 3 2 3 2 2 2 2 1 2 3 2 5 5 

exp 2 2 3 4 4 2 3 3 3 2 3 2 2 2 2 1 2 3 2 5 5 

exp 3 2 2 4 4 2 3 3 3 2 3 2 2 2 2 1 2 3 2 5 5 

exp 4 2 3 4 4 2 3 3 3 2 3 2 2 2 2 1 2 3 2 5 5 

exp 5 2 3 4 4 2 3 3 3 2 3 2 2 2 2 1 2 3 2 5 5 
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TABLE II. QUALITATIVE INDICATOR EXPERT RATING SCALE 

 expert 1 expert 2 expert 3 expert 4 expert 5 

X1 11 10 7 11 12 

X2 8 7 6 5 4 

X5 6 5 4 4 5 

X9 9 8 7 6 7 

X10 8 8 7 7 6 

X11 5 5 6 5 5 

X13 6 6 6 5 6 

X16 5 5 4 5 5 

X17 5 5 5 4 4 

X22 3 3 2 3 3 

 
There are 30 quantitative indexes and 10 qualitative 

indexes in the 40 indexes of power communication evalu-
ation. From table 1 ,quantitative indicators have the ob-
jective evaluation method, will not produce the difference 
between the experts. The evaluation of the qualitative in-
dex depends on the experts' experience, which will lead to 
the difference of the evaluation. In the practical evalua-
tion, only the difference index is analyzed, which can 
simplify the calculation and quickly determine the weight 
of the experts. 

The 10 qualitative indexes of X1, X5, X2, X9, X10, 
X11, X16, X17, X22 and X13 were selected, and the rela-
tive grey correlation method was used to carry out qualita-
tive index analysis, and the data were shown in the fol-
lowing tables: 

Table II data for the relative grey relational analysis: 
Firstly, using equation 1, calculate the correlation co-

efficient ofξ0i( k). Taking the expert 1 as the reference 
sequence, the correlation coefficient between the other 
experts and the expert 1 is calculated, and the results are 
shown in Table III. 

 
TABLE III. CORRELATION COEFFICIENT OF EXPERT 1 FOR 

REFERENCE SEQUENCE 

  ξ12( k) ξ13( k) ξ14( k) ξ15( k) 

X1 1.0000  1.0000  1.0000  1.0000  

X2 0.8807  0.6078  0.4247  0.3382  

X5 0.8158  0.8857  0.5254  0.6098  

X9 0.9172  0.5254  0.4247  0.4615  

X10 0.7346  0.4247  0.6889  0.4697  

X11 0.8158  0.3333  1.0000  0.8416  

X13 0.7868  0.3924  0.6889  0.8158  

X16 0.8158  0.6327  1.0000  0.8416  

X17 0.8158  0.4366  0.6889  0.6242  

X22 0.8807  0.9394  1.0000  0.8986  

 

According to the table III data, using the formula 2, 
can calculate the correlation degree between the expert 1 
and the other experts. The correlation between the expert 1 
and its own is the same as that of the r11=1; 

r
1
n

ξ k 0.8463 

r
1
n

ξ k 0.6178 

r
1
n

ξ k 0.7441 

r
1
n

ξ k 0.6901 

 
The correlation degree between the expert 2 and other 

experts is calculated by using the formula 1 and the for-
mula 2. 

TABLE IV. CORRELATION COEFFICIENT OF EXPERT 2 FOR 
REFERENCE SEQUENCE 

ξ21( k) ξ23( k) ξ24( k) ξ25( k) 

X1 1.0000 1.0000 1.0000 1.0000 

X2 0.8705 0.5385 0.4276 0.3333 

X5 0.8013 0.7196 0.5735 0.6875 

X9 0.9098 0.4783 0.4187 0.4583 

X10 0.7160 0.4783 0.5284 0.3793 

X11 0.8013 0.3392 0.8013 0.6875 

X13 0.7707 0.4162 0.5576 0.6471 

X16 0.8013 0.7196 0.8013 0.6875 

X17 0.8013 0.4611 0.5735 0.5238 

X22 0.8705 0.9277 0.8705 0.7857 

 

r
1
n

ξ k 0.8343 

r
1
n

ξ k 0.6078 

r
1
n

ξ k 0.6552 

r
1
n

ξ k 0.6190 

 
The correlation degree between the expert 3 and other 

experts is calculated by using the formula 1 and the for-
mula 2. 
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TABLE V. CORRELATION COEFFICIENT OF EXPERT 3 FOR 
REFERENCE SEQUENCE 

  ξ31( k) ξ32( k) ξ34( k) ξ35( k) 

X1 1.0000  1.0000  1.0000  1.0000  

X2 0.6685  0.6250  0.3941  0.3333  

X5 0.9098  0.7857  0.5576  0.6286  

X9 0.5902  0.5670  0.3656  0.3860  

X10 0.4899  0.5670  0.4187  0.3438  

X11 0.3941  0.4231  0.3941  0.3729  

X13 0.4566  0.5046  0.3941  0.4231  

X16 0.6914  0.7857  0.6914  0.6286  

X17 0.5021  0.5500  0.4276  0.4074  

X22 0.9528  0.9483  0.9528  0.8800  

 

r
1
n

ξ k 0.6655 

r
1
n

ξ k 0.6756 

r
1
n

ξ k 0.5596	

r
1
n

ξ k 0.5404	

 
The correlation degree between the expert 4 and other 

experts is calculated by using the formula 1 and the for-
mula 2. 

 
TABLE VI. CORRELATION COEFFICIENT OF EXPERT 4 FOR 

REFERENCE SEQUENCE 

ξ41( k) ξ42( k) ξ43( k) ξ45( k) 

X1 1.0000 1.0000 1.0000 1.0000 

X2 0.4545 0.4808 0.3608 0.6522 

X5 0.5556 0.6250 0.5224 0.8108 

X9 0.4545 0.4717 0.3333 0.8571 

X10 0.7143 0.5814 0.3846 0.6250 

X11 1.0000 0.8333 0.3608 0.8571 

X13 0.7143 0.6098 0.3608 0.8333 

X16 1.0000 0.8333 0.6604 0.8571 

X17 0.7143 0.6250 0.3933 0.8824 

X22 1.0000 0.8929 0.9459 0.9091 

 

r
1
n

ξ k 0.7608	

r
1
n

ξ k 0.6953	

r
1
n

ξ k 0.5322	

r
1
n

ξ k 0.8284	

The correlation degree between the expert 5 and other 
experts is calculated by using the formula 1 and the for-
mula 2. 

 
TABLE VII. CORRELATION COEFFICIENT OF EXPERT 5 FOR 

REFERENCE SEQUENCE 

ξ51( k) ξ52( k) ξ53( k) ξ54( k) 

X1 1.0000 1.0000 1.0000 1.0000 

X2 0.3993 0.4167 0.3333 0.6836 

X5 0.6704 0.7586 0.6286 0.8316 

X9 0.5272 0.5473 0.3860 0.8736 

X10 0.5354 0.4661 0.3438 0.6576 

X11 0.8736 0.7586 0.3729 0.8736 

X13 0.8521 0.7237 0.4231 0.8521 

X16 0.8736 0.7586 0.6286 0.8736 

X17 0.6836 0.6111 0.4074 0.8963 

X22 0.9202 0.8397 0.8800 0.9202 

 

r
1
n

ξ k 0.7336	

r
1
n

ξ k 0.6880	

r
1
n

ξ k 0.5404	

r
1
n

ξ k 0.8462	

According to the above data.Using formula 3 to calcu-
late the correlation matrix of the 5 experts. 

	

R

1 0.8467 0.6178 0.7441 0.6901
0.8343 1 0.6078 0.6552 0.6190
0.6655 0.6756 1 0.5596 0.5404
0.7608 0.6953 0.5322 1 0.8284
0.7336 0.6880 0.5404 0.8462 1

	

 
Each line data of  matrix R represents the relative de-

gree between an expert and the remaining four experts, the 
first row data and R1=3.8983, and the same as R2=3.7163; 
R3=3.4411; R4=3.8167; R5=3.8082.Using the formula 4 
to find  r0 . 
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TABLE VIII. EXPERT ASSOCIATION RANKING TABLE 

r1 r2 r3 r4 r5 Σ N0

r1 1.0000 0.8463 0.6178 0.7441 0.6901 3.8983 1 

r2 0.8343 1.0000 0.6078 0.6552 0.6190 3.7163 4 

r3 0.6655 0.6756 1.0000 0.5596 0.5404 3.4411 5 

r4 0.7608 0.6953 0.5322 1.0000 0.8284 3.8167 2 

r5 0.7336 0.6880 0.5404 0.8462 1.0000 3.8082 3 

 
From table8, the correlation degree of sequence 1 is 

the maximum, so the evaluation data of Expert 1 is used as 
the reference sequencer0. 

The weights of the experts are P1=0.257, P2=0.217 , 
P3=0.158, P4=0.191 , P5=0.177, and the final score of 
every index is calculated by using the formula 
6.X1=10.33;X2=6.19;X5=4.91;X9=7.54;X10=7.30;X11=5
.16;X13=5.81;X16=4.84;X17=4.63;X22=2.84. 

In order to verify the accuracy of relative gray correla-
tion degree, we calculated the qualitative index score and 
the average value method and the analytic hierarchy pro-
cess, and the data were compared with that of the method. 

 
TABLE IX. QUALITATIVE INDICATORS CONTRAST TABLE 

 
Relative gray corre-

lation method 

Mean value 

method 

Analytic hierarchy 

process 

X1 10.33 10.20 10.28 

X2 6.19 6.00 6.81 

X5 4.91 4.80 5.18 

X9 7.54 7.40 7.99 

X10 7.30 7.20 7.57 

X11 5.16 5.20 5.15 

X13 5.81 5.80 5.89 

X16 4.84 4.80 4.85 

X17 4.63 4.60 4.80 

X22 2.84 2.80 2.85 

 
By observing the data of Table 9, the qualitative 

index score calculated by relative correlation method 
is basically the same as the conclusion of the method 
and AHP, and it is proved to be effective. Relative 
grey relational analysis and average method consider the 
different experts, the evaluation data is more objective; in 
terms of the relative grey correlation analysis method and 
analytic hierarchy process, two methods are considered 
different experts, AHP relies on subjective evaluation, it 
draws the conclusion that different experts, and Relative 
Grey Correlation method according to expert evaluation 
data of the relative degree of incidence calculated differ-
ences between experts, the expert weight coefficient is 
more accurate. 

 

IV. CONCLUSIONS 

Safety assessment is an important means for enterpris-
es to carry out safety production, and the accuracy of the 
evaluation results directly affect the safety assess-
ment. Relative gray correlation analysis method from the 
perspective of the correlation degree of expert data solves 
the problem of weight distribution of expert evaluation, so 
that the evaluation results can be more accurate, and is 
conducive to improving the safety of communication net-
work evaluation work quality. 

The method is suitable for multi expert evaluation of 
the same object, also can according to the historical data 
of the evaluation object observe the evaluation object of 
relative degree of incidence analysis indicators of the rela-
tive degree of change in different periods, to carry out 
index improvement activities. 
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