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Abstract: In view of the defects in power system reliability analysis that discrete Markov chain model simulation stays longer in the same 

state often, from the viewpoint of operation and based on continuous time Markov chain and under the premise that equipment failure 

rate complies with exponential distribution characteristics, a model, by which fast analytical analysis on power system operation reliability 

can be carried out, is proposed. The core of the proposed model lies in following aspects: firstly, based on historical operation data of 

power system, a corresponding Q-matrix of the continuous time Markov chain equivalent to power system operation is attained; secondly, 

according to the current power system operating condition and utilizing the concept of stopping time of Q-process, such reliability indices 

for some time to come as steady state probability and mean time to first failure of power system can be rapidly analyzed. So the rapid 

assessment of power system operation reliability can be implemented. A numerical example is computed by using the proposed method. 
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1. Introduction 
 

The technology of the reliability theory and its application is a 

new technology. It has important effect to ensure and improve 

the quality of the products. From the perspective of 

probability, the evaluation and prediction of the reliability of  

power grid operation  becomes more and more important to 

the science formulation of the power grid operation and 

control strategy 
[1]

. Because of the scale of power grid is large, 

the number of components is large, the current reliability 

assessment of power grid always adopt Monte Carlo 

simulation method 
[2-5]

. Because of Monte Carlo simulation 

method needs large computing resources and convergence 

slow, so it is difficult to use in the operating environment. 

Therefore, many references adopt the mixed form of 

simulation and analysis
[6]

, or adopt the analytical method  

directly
[7-8]

 , to get the reliability indices quickly. Reference 

[6] presented a Markov chain Monte Carlo method on the 

research of power grid reliability evaluation. This paper used 

the Gibbs sampler to generate Markov chain in the component 

state sampling. Although the method can improve the 

convergence speed of Monte Carlo method, but it cannot 

compensate the defects of the simulation method 

fundamentally. Basing on minimal cut set theory, reference 

[8] proposed an analytical calculation method of the 

probability density distribution of power grid. But it is still in 

the theoretical stage, it is difficult to use in engineering 

practice. From the viewpoint of operation and based on 

Markov chain, reference [9] proposed an assessment method 

on power grid operation reliability. Reference [9] used the 

discrete time Markov chain model. In view of the defects in 

power grid reliability analysis that discrete Markov chain 

model simulation stays longer in the same state often, from the 

viewpoint of operation and based on continuous time Markov 

chain with jump process and under the premise that equipment 

failure rate complies with exponential distribution 

characteristics, a model, by which fast analytical analysis on 

power grid operation reliability can be carried out, is 

proposed. 

 

2. An Assessment method on operational 

reliability of Power Grid 
 

Reference [9] divided the power grid operation states into 3 

types .such as: state 1 (normal state). In this state, there is no 

component fault in the power grid, and no unplanned cutting 

load, that is, the power grid operates in the planned way, meets 

the requirements of N – 1. State 2 (fault state). In this state, 

there is the component fault in the power grid, but the system 

can operate by readjustment, without the need for load 

shedding. At this time, possibly due to component failure, 

there is a temporary power outage, but it can recover in a short 

period , the lack of short-term power load is negligible. State 3 

(risk state). In this state, some constraints of the system cannot 

be satisfied. The power grid have to remove part of the load to 

ensure the safe, stable operation of the system, which needs 

longer recovery time, and have a greater impact on the 

reliability indices of the power grid. In this paper, letting the 

state space of power grid be  1,2,3I  . 

 

Corresponding to the state transition probability matrix of 

discrete time Markov chain, continuous time Markov chain 

has Q-matrix. Q-matrix  : ,ijQ q i j I   satisfies the 

following conditions:   

1. For arbitrary ,i I 0 iiq     holds. 

2. For arbitrary , , ,i j I i j  0ijq   holds. 

3. For arbitrary ,i I  0ij
j I

q


  holds. 

and the Q-matrix satisfies 

   t QP t e                                         (1) 

where  P t is the transition probability matrix of the power  

grid at time t . For convenience, we note that ii iq q  . The 

Q - matrix can form an important continuous time Markov  

chain with jump process. The jump process corresponds to a 

 jump matrix  : ,ij i j I   。The jump matrix   is  

determined by the Q - matrix as follow: 
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,  if   0;

0,       if  and =0.

ij i i

ij

i

q q j i and q

j i q


 
 


                              (2) 

0,  if 0;

1,  if =0.

i

ii

i

q

q



 


                                       (3) 

 

By the jump matrix ，we can get the following conclusion
[10]

: When the power grid is in state 1, the stopping time  that 

the system in state  1 obey exponential distribution with para

meter 12 13    ， whose mean value is 1


.The power g

rid turns into state 2 from state 1 with probability 

12

12 13( )


 
,turns into state 3 from state 1 with probability 

13

12 13( )


 
. 

 

By the jump matrix ，we get the steady state distribution 

 1 2 3, ,p p p   of the power grid as follow 

 

 

 

12 13 1 21 2 31 3

21 23 2 12 1 32 3

31 32 3 13 1 23 2

p p p

p p p

p p p

   

    

   

  


  
   

                                (4) 

 

Due to two independent equations only in (4), so it needs 

1 2 3+ + 1p p p                                         (5) 

to get the simultaneous solution. 

 

3. Example 
 

For testing the effectiveness of the proposed method, this 

paper studies the example in [9] (detailed  data can be seen 

in[9]). Reference [9] gave the transition probability matrix of 

the power grid as follow: 

0.986741 0.013227 0.000033

0.008691 0.986617 0.004692

0.001011 0.185775 0.813214

P

 
 
 
  

 

 

By the transition probability matrix above and (1)- (3), we get 

the corresponding jump matrix as follow: 

0 0.125 0.00625

0.0833333 0 0.004692

0.0041666 0.25 0

 
  
 
  

               （6） 

By (4)- (6)，we get the steady state distribution of the power 

system as follow: 

 0.391,0.594,0.015   

 

The result has no changes with the result in [9]. 

 

The following figures are the probabilities of the system indif

ferent states with the increase in time( The probability of  the 

system in state i  at time t  is the total residence time that the 

system stays in state i by the time t  divided by t ). 

 
Figure 1: The probability of the system in state 1 . 

 
Figure 2: The probability of the system in state 2 . 

 
Figure 3: The probability of the system in state 3 . 

 

By the proposed method , the mean time to first failure of the 

power grid is 7.619. By Monte Carlo simulation , the mean 

time to first failure of the power grid is 7.614  (reference [9]). 

The error is in the Monte Carlo simulation error range. 

 

4. Conclusion 
 

In view of the defects in power grid reliability analysis that 

discrete time Markov chain model simulation stays longer in 

the same state often, from the viewpoint of operation and 
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based on continuous time Markov chain and under the 

premise that equipment failure rate complies with exponential 

distribution characteristics, a model, by which fast analytical 

analysis on power system operation reliability can be carried 

out, is proposed. The core of the proposed model lies in 

following aspects: firstly, based on historical operation data of 

power grid, a corresponding Q-matrix of the continuous time 

Markov chain equivalent to power grid operation is attained; 

secondly, according to the current power grid operating 

condition and utilizing the concept of stopping time of 

Q-process, such reliability indices for some time to come as 

steady state probability and mean time to first failure of power 

grid can be rapidly analyzed. So the rapid assessment of 

power grid operation reliability can be implemented. A 

numerical example is computed by using the proposed 

method. It turns out that the method can quickly, accurately 

obtain the reliability indices of power grid. 

5. Acknowledgment 
 

Sponsor and financial support is Hebei University of 

Technology students' innovation and entrepreneurship 

training program. The project number is 201810080248. 

 

References 
 

[1] JIN Shao-hua , LU Jian-guo , WAN Yan-ping , SUN 

Shu-guang , CHEN Xiu-yin. The Bayesian Analysis of  

Reliability of  Zero-Failure Data. Proceedings of Joint 

conference of 26
th

 international conference on electrical 

contacts and 4
th

 international conference on reliability of 

electric products and electric contacts. ISBN 

978-1-84919-508-9 , 2012,  439-442.    

[2] Song Xiaotong，Tan Zhenyu．Power system reliability 

evaluation based on optimal sampling and selective 

analysis algorithm [J]．Automation of Electric Power 

Systems，2009，33(5)：9-14(in Chinese)． 

[3] Zhang Shuo，Li Gengyin，Zhou Ming．Reliability 

assessment of generation and transmission systems 

integrated with wind farms[J]．Proceedings of the CSEE

，2010，30(7)：8-14(in Chinese)． 

[4] Liu Yang，Xie Kaigui，Zhou Jiaqi，et al．Design and 

implementation of HPC platform for bulk power system 

reliability evaluation [J]．Automation of Electric Power 

Systems，2006，30(18)：89-93(in Chinese)． 

[5] Billinton R，Wangdee W．Predicting bulk electricity 

system reliability performance indices using sequential 

Monte Carlo simulation[J] ． IEEE Transactions on 

Power Delivery，2006，21(2)：909-917． 

[6] Shi Wenhui ， Bie Zhaohong ， Wang Xifan ．
Applications of Markov chain Monte Carlo in large-scale 

system reliability evaluation[J] ． Proceedings of the 

CSEE，2008，28(4)：9-15(in Chinese)． 

[7] Zhao Yuan，Shen Zhijian，Zhou Niancheng，et al．
Probabilistic uncertainty analysis of Monte-Carlo 

simulation for bulk power system reliability 

evaluation[J]. Proceedings of the CSEE，2008，28(28)

：61-67(in Chinese)． 

[8] Zhao Yuan，Xie Kaigui．An analytical approach to 

compute the probability density distributions of 

reliability indices for bulk power systems[J] ．

Proceedings of the CSEE， 2011， 31(4)： 31-38(in 

Chinese)． 

[9] WANG Yong , HAN Xueshan , DING Ying , SHEN Jie. 

Markov Chain-Based Rapid Assessment on Operational 

Reliability of Power Grid [J]. Power System Technology, 

2013，37(2)： 405-410. 

[10] Doob, J. L.. Stochastic Processes. Wiley , New York, 

1953. 

 

Author Profile 
 

Jin Shaohua, born in 1965, graduated from Hebei University of 

Technology in 1990.He has been engaged in teaching and the 

research on reliability theory of electrical apparatus since 1990 and 

became a Professor in 2003. 

 

Paper ID: ART201947 DOI: 10.21275/ART201947 787 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



