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Abstract—In order to solve the problem that the qualitative 
indicators in reliability analysis of the power optical 
transmission network can not be accurately measured, this 
paper proposes a reliability evaluation method based on the 
evidence cloud droplets model. The model uses the cloud model 
to achieve the conversion between qualitative concept and 
quantitative value. Considering the correlation between the 
cloud droplets, it deeply excavates the interaction between 
cloud droplets combined with the evidence theory, and obtains 
the support of qualitative indicators to each reliability level. 
Finally, all indicators are used to give the analysis results of the 
reliability of the power optical transmission network in the 
form of ranks. By comparing with the traditional cloud model 
similarity algorithm, the proposed method has the advantages 
of objective science and high sensitivity, and can provide 
reliable decision-making basis for reliability evaluation of 
power optical transmission network. 

Keywords—Power optical transmission network; reliability 
analysis; cloud model; evidence theory  

I. INTRODUCTION

With the development of smart grid, fiber optic 
communication is increasingly applied to the power 
communication transmission network due to its large load 
capacity, small signal attenuation and strong anti-interference 
ability. Power optical transmission network has a very 
important guarantee role in power production and scheduling. 
Therefore, many scholars have used different methods to 
evaluate the evaluation of power optical transmission 
networks in different dimensions [1-3]. However, most studies 
now use quantitative indicators to evaluate and analyze 
power optical transmission networks, but some qualitative 
indicators are also of great significance for reliability 
analysis. 

Cloud model  is a good method to analyze qualitative 
indicators. Professor Li Deyi proposed and  improved the 
formation of cloud model. This theory has been successfully 
applied in the fields of intelligent control and data mining. In 
recent years, the field of system evaluation has also begun to 
pay attention to the cloud model and conducted in-depth 
research. The  reference [5] combined the advantages of the 
cloud model and the TOPSIS method, and used the cloud 
model to overcome the ambiguity and randomness of the 
evaluation language set in the decision process. The  
reference [6] used the cloud model to achieve a  conversion 
of qualitative concepts to quantitative representations, and 
also combined with the gray system theory and the vector 
projection principle to calculate the superiority of the 

evaluation object . It can be seen from the above analysis that 
most of the current research on cloud model focuses on its 
ambiguity and randomness , but does not deeply analyze and 
mine the relationship between cloud droplets. 

Therefore, this paper proposes a analysis mechanism 
based on evidence cloud droplets model for qualitative 
indicators. Firstly, the cloud model is used to realize the 
conversion between qualitative indicators and quantitative 
value. Then, the cloud droplets generator is used to generate 
the representative cloud droplets and  the evidence theory is 
combined  to analyze the interaction between them, and the 
level support of the indicators for each level is obtained. 
Finally, the analysis conclusions of the reliability of the 
power optical transmission network are obtained by 
synthesizing the level support of each indicator, and the 
existing or potential problems of the power optical 
transmission network at a specific development stage are 
pointed out to clarify the future investment focus and 
improve the development quality and development capability. 

II. EVIDENCE CLOUD DROPLETS MODEL

A. Problem Description

At present, the problem of reliability analysis is mainly
reflected in the fact that most of the selected indicators can 
be quantified by a specific algorithm, and the introduction of 
qualitative indicators is reduced , reducing the weakness of 
the influence of qualitative factors. This is because the 
evaluation of qualitative indicators often needs to be 
indirectly converted by the evaluation experts into 
quantitative values that can be used for evaluation work 
based on relevant data and comparison criteria. The 
traditional method is greatly influenced by human factors, 
and the simple weighted average processing is easy to cover 
the true attribute of the index value, thus it will reduce the 
reliability of the evaluation conclusion. Therefore, this paper 
uses the randomness and ambiguity of cloud model to 
achieve the conversion between qualitative concept and 
quantitative value, reduce the subjectivity of man-made, and 
deeply analyze the reliability in combination with evidence 
theory. 

B. Model definition

The essence of the evidence cloud droplets model is to
integrate the evidence theory with the cloud model theory, 
and to analyze and evaluate the things to be diagnosed by 
means of the reasoning analysis method of evidence theory. 
This paper  defines the concept of the hierarchical cloud 
model and the indicator cloud model. For the indicator cloud 
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judgment factor. Through the analysis, the support of the 
power optical transmission network for each reliability level 
is obtained. If the level with the highest degree of support 
has a greater degree of discrimination with other levels of 
judgment factors, then the decision model has higher 
sensitivity. 

Define the sensitivity as: 

 ζ=
αijmax-αijsec

αijmax
 

 
Fig. 4. Sensitivity comparison. 

Where αijmax  represents the maximum value of the 
indicator cloud model's support for all hierarchical cloud 
models, and αijsec represents the second largest support value. 
It can be seen from (12) that the sensitivity indicates the 
degree of differentiation of the same qualitative index to the 
support of different levels. Obviously, the greater the 
sensitivity is, the greater the discrimination of the 
corresponding decision model is, and the better the 
evaluation effect can be got. 

The traditional cloud model similarity algorithm 
generates a certain number (of course a large number) of 
cloud droplets through two clouds, measured based on the 
distance between the cloud droplets. The traditional method 
is used to analyze the four indicators of the example, and the 
corresponding level support results are obtained and the 
sensitivity of the two algorithms is calculated. The results are 
shown in Fig 4. 

It can be seen from Fig. 4 that the sensitivity of the 
proposed algorithm is higher than that of the traditional 
algorithm. This is because this paper utilizes the different 
contributions of each cloud droplets in a normal cloud model 
to a specific concept, and the use of evidence theory can 
make the advantages of uncertainty and conflict between 
multiple sets of evidence sources and highlight the role of 
cloud droplets with large cloud contribution, making the 

algorithm more accurate and reliable. 

IV. CONCLUSION 

With a view to the qualitative indicators in reliability 
analysis, this paper proposes a analysis mechanism based on 
evidence cloud droplets. The cloud model is used to realize 
the conversion from qualitative concept to quantitative value. 
Combined with cloud model theory and evidence theory, the 
interaction between cloud droplets is deeply explored. The 
support of the indicator cloud model for each level of cloud 
model, then get the support of the indicator cloud model for 
each level of cloud model. Finally, combined with the level 
support results of each indicator, the comprehensive support 
degree of each level of the whole network is obtained, and 
the analysis  of the power optical transmission network is 
realized. It can accurately find the weak links in the 
development of power optical transmission network, and 
provide solutions for the construction and development of 
subsequent networks. 

REFERENCES 
[1] Yuan J S , Gao H S , Sun Y Q , et al. Security evaluation indicator 

system for electric power optical-fiber communication network[J]. 
High Voltage Engineering, 2009, 35(4):960-964. 

[2] Xiao H , Liu C , Zhang Y . Electricity communication transmission 
network risk calculation model design and management system 
achievement[J]. 2015. 

[3] Zhang R , Zhao Z , Chen X . An overall reliability and security 
assessment architecture for electric power communication network in 
Smart Grid[C]// International Conference on Power System 
Technology. IEEE, 2010. 

[4] Sun X, Xu H. Analysis on influence factors of the reliability of 
electric power communication networks[C]// IEEE International 
Conference on Electronic Information & Communication Technology. 
2017. 

[5] Cun-Bin L I , Ge-Fu Q , Xia F , et al. Control Strategy for Electrical 
Equipment Condition-Based Maintenance Based on Cloud Model and 
Improved TOSPIS[J]. East China Electric Power, 2014. 

[6]  Chao M, Wen G, Li B, et al. Comprehensive Evaluation of Offshore 
Oilfield Development Plans Based on Grey Clustering Analysis with 
Cloud Model[J]. Mathematical Problems in Engineering, 2018, 
2018:1-11. 

[7] Yang X, Liu Y, Ma P. Structural reliability analysis under evidence 
theory using the active learning kriging model[J]. Engineering 
Optimization, 2017, 49(11):1-17. 

[8] Yang M, Chen J, Niu Y. Evaluation of Communication Electronic 
Defense Effectiveness Based on Cloud Model and Evidence 
Theory[J]. Computer Engineering, 2017. 

[9] Lu J , Si-Yi Q . Similarity measurement between cloud models based 
on close degree[J]. Application Research of Computers / Jisuanji 
Yingyong Yanjiu, 2014. 

[10] Kusumawardani C A, Rosyidi C N, Jauhari W A. The evaluation of 
criteria and subcriteria of research project selection using fuzzy 
analytical hierarchy process method[C]// Industrial, Mechanical, 
Electrical, & Chemical Engineering. 2017. 

 

 

32.65%

48.09%

39.35%

21.24%

4.37%

13.59%

4.98% 4.62%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

QoNS CoSP SoNMS OMS

Se
n
si
ti
vi
ty

Algorithm of this paper Contrast algorithm

2019 Scientific Conference on Network, Power Systems and Computing (NPSC 2019)

-42-




