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Abstract – The objective of the paper is to investigate the 
applicability of stochastic Petri nets for the safety and 
performance analysis of the railway operation control 
system. The paper presents firstly the application for 
safety analysis where the quantification of the danger 
state probability was used as a reference value. Secondly 
the performance analysis was carried out by probability 
evaluation of an operation hindering state. Using a 
simulation based analysis method of the tool TimeNET 
3.0 deterministic as well as general stochastic events in 
the model could be considered. The approximations of 
general stochastic events by exponential stochastic 
distribution are discussed in the paper. 

Index Terms – Stochastic Petri Nets, Safety Analysis, 
Performance Analysis, Railway Operation Control 
System, Maintenance Modelling. 

I. INTRODUCTION 

The main task of a general Railway 
Operation Control System (ROCS) is to 
ensure a safe railway traffic process. This 
process must be free of intolerable risk, 
which is defined as the probability of an 
undesired event or state multiplied by the 
extent of accidental damage. From the safety 
point of view according to the norm [1] 
human life is taken as a reference for the 
extent of the accidental damage. To estimate 
the risk of responsible hazard situations in 
the traffic process, situations to be controlled 
by ROCS, in the first step the system design 
has to be analyzed. A suitable model of the 
traffic process can be applied for 
identification of the undesired operational 
events and for evaluation of their occurrence 
rates [7].  

II. MODEL ANALYSIS 

Two kinds of analysis will be performed: 
the safety analysis, which will estimate the 
number of possible accidents that can occur 
and the reliability analysis of the model [6]. 

A. Safety Analysis 

A safety analysis must be conducted for 
every experimental model that has been 
created, in order to determine how this model 
behaves under real conditions and to evaluate 
the risk of a possible accident which could 
lead to human casualties [2, 3].  

The CENELEC standard [1] gives a 
definition of risk as: “the probable rate of 
occurrence of hazard causing harm 
multiplied by the degree of severity of the 
harm”. Human life was taken as the measure 
of severity. According to the same standard 
safety represents: “freedom from unac-
ceptable risk of harm”. For safety analysis a 
case will be analyzed when the train was not 
detected by the train detection system, which 
means that the procedures for closing the 
barriers were never started. Therefore, if the 
train has not been properly detected, it could 
have entered the „Danger zone“, and because 
the barriers were not lowered an accident 
could have occurred. The state when the train 
enters the „Danger zone“ and the level 
crossing is not safe is called a hazard state. 
Hazard is defined as: “a physical situation 
with a potential for human injury” [1].   
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Fig. 1. The model simulated for the Safety Analysis. 

 
The probability of the hazard state can be 

used for the final risk evaluation in form of 
the caused human fatalities. A risk accep-
tance criterion of the standard [1] is to be 
applied for the final conclusions about the 
tolerability of the operational risk of the 
analysed level crossing control system.  

Considering that the failure of train 
detection is not a very frequent phenomenon, 
some adequate times were chosen for 
simulation. First it was considered that the 
detection could fail only one time per year. 
Then times like 0.5 years, 0.7 years, 2 years, 
5 years or 10 years were selected and the 
model simulated for these values too. 

The model from Fig. 4 [7] was modified 
in order to allow analysis and simulation of 
this new possible case and is presented in 
Fig. 1. For the results to be more accurate, 
the simulation time was set ten times larger 
than the possibility of defection (e.g. if the 

failing appeared once in 10 years, the model 
has been simulated for 100 years). 

For the Safety Analysis, the number of 
tokens from the DANGER place is more 
important than the number of tokens from the 
SAFE place, because the purpose for this 
kind of analysis is knowing the number of 
possible casualties. Therefore, the hazardous 
state probability is calculated in percentages 
and represents the number of trains which are 
not detected by the train detection system of 
the total number of trains. With the known 
values a graph will be obtained as shown in 
Fig. 2. 

B. Performance Analysis 

1) Clarifications. A performance analysis 
was conducted in order to determine the re-
liability of the model. The CENELEC stan-
dard [1] defines reliability as: “the proba-
bility that an item can perform required 

 



function under given conditions for a given 
time interval (t1, t2)”.  

 
Fig. 2. Number of accidents obtained for 6 simulation times. 
 
When failures were considered in the 

model, the reliability of the components had 
to be taken into account. Reliability must be 

analyzed for all four components of the Level 
Crossing Dependability Mode: yellow and 
red lights, barrier and sensor and for the radio 
component of the Communication Dependa-
bility Model.  

When one of the components is failing, 
the transition between the intact place and the 
defect place is an exponential transition (e.g. 
YL_OK – >YL_NOK), but the reparation 
transition (e.g. YL_NOK –> YL_OK) is a 
general transition. For a better understanding 
of the differences between the general and 
the exponential transition in the repairing 
process, two variants of the model were 
analyzed.  

In one model all the repairing transitions 
of the radio and level crossing components 
are exponential transitions and in the other 
model all the repairing transitions are general 
transitions. 

 
Fig. 3. The Level Crossing Dependability Model in which the repair transitions are replaced by exponential transitions 

 



While the firing time of an exponential 
transition is described by an exponential 
distribution, the firing time of a general 
transition is described by a uniform 
distribution. 

2) The Model with Exponential Transitions. 
The model with exponential transitions 
represents a modified version of the model 
with general transitions. In five cases, the 
repairing general transitions were replaced by 
exponential transitions. This can be seen in 
the Fig 3 (only four cases are presented for 
the simplification of the figure). 

Two places are very important for the 
Performance analysis: TR_in_DZ_AUTOM 
and TR_in_DZ_manually. It is very impor-
tant to know how many tokens will be in 
these two places after a specified simulation 
time. The construction of the model does not 
allow having one token in each place at the 
same time. The number of tokens in each 

place practically represents the number of the 
trains, hence in case of failure of one 
component, the number of tokens in each 
place should be very well known. Also, the 
model accepts that at one time only one 
component can fail and not more. A number 
of simulations were conducted in order to 
calculate the number of trains in both places 
and to have a better view of the behaviour of 
the model in the case when possible defects 
occur. Specified times of failure and 
repairing were selected in both cases: failure 
of the radio subsystem or failure of one 
component of the level crossing subsystem. 

The simulations were conducted under 
special conditions, like when the radio 
component failed, it was assumed that none 
of the level crossing components could fail, 
and vice versa, when one of the level 
crossing components failed the radio 
component was considered not defect. 

 
Fig. 4. Representation of the performance of the system with ideal and real case of the subsystem failure 

 

 



In the end two simulations were 
conducted, where both radio and level 
crossing component could have failed, which 
actually represents the real case. The two 
diagrams have been presented in the final 
graph to compare the results. 

In Fig. 4 the real case will be represented 
with a bold line and it can be seen that the 
reliability in this case is smaller than in the 
ideal cases. For the real case the reliability 
grows only up to 84%, unlike the ideal case 
where it increases up to almost 100%. The 
real case simulation is closer to reality and 
should be the one taken in consideration. 

3) The Model with General Transitions.  

The difference between this model and the 
one with exponential transitions is represen-
ted by the fact that general transitions with 
uniform distribution functions were used for 
repairing a possible failed component and not 
transitions with exponential distribution 
functions. 

For repairing transitions, the best choice is 
the lognormal distribution function and the 
use of exponential distribution function is not 
indicated.  

This can be seen in Fig. 5a where the 
exponential distribution does not follow the 
lognormal distribution graphic. The uniform 
distribution function represented in Fig. 5b 

can be considered an approximation of the 
lognormal distribution for the interval (0.25-
1.5). Because of this possible approximation, 
the use of uniform distribution function 
instead of lognormal distribution function is 
possible. For the model with general 
transitions the simulations were performed 
again in two cases: the ideal case when two 
subsystems (radio communication and level 
crossing) could not fail at the same time and 
the real case when it is possible for two com-
ponents to be defect at the same time. 

The graphic with the results from both 
simulation cases are presented in Fig. 6. 

Comparing the final representations of the 
models with exponential and general tran-
sitions (uniform distribution) some final con-
clusions can be drawn.  

It is obvious that the model with general 
transitions with uniform distribution func-
tions is more suitable for modelling the radio 
and the level crossing repair procedures. 

The diagrams from Fig. 7 (dotted line) are 
increasing faster to the 100% value on the 
reliability scale, what shows they have a 
better dynamic than the diagrams for the mo-
del with exponential transitions (continuous 
line). A bigger difference between these two 
models can be noticed by comparing the 
radio repairing times over 2 hours. 

a b 

Fig. 5. Graphics of lognormal and exponential (a) and lognormal and uniform distribution functions (b). 

 



Fig. 6. Representation of the performance of the system in the ideal and real cases of subsystem failure behaviour (considering general 

stochastic distributions for the modelling of maintenance processes). 
Also, the real case represents another 

motive for favouring the model with general 
transitions. In both cases the repairing times 
were 5 hours for the level crossing 
component and 5 minutes for the radio 
component. The “real case” of the model 
with exponential transitions (bold continuous 
line) reached a reliability level of 82%, while 
for the model with general transitions (bold 
dotted line) a level of 90% has been reached. 
These two results are important because a 
real case was simulated, when both radio and 
level crossing components could fail, and the 
results should be very important when a real 
model will be created starting from these 
experimental models. 

III. CONCLUSIONS 

The applicability of the stochastic Petri 
nets for the safety analysis of the railway 
operation control system was investigated. 
Two kinds of analysis were performed: the 
safety analysis and the reliability analysis. 
Representative temporal model parameters 

were selected such as to approximate real 
operating conditions.  

For the safety analysis only a small 
numbers of simulations were performed due 
to the hardware limitations. In this case, the 
use of TimeNET 3.0 was not limited by the 
software possibilities although the simulation 
times were very long. The comparison of the 
performance results shows clearly a 
deformation of performance results when the 
exponential stochastic distributions are used 
for approximation of all non-deterministic 
events. Especially the processes of 
maintenance (repair) are to be analysed 
carefully and approximated with a suitable 
stochastic distribution. 

For the model, using general transitions 
with lognormal distribution functions [8] was 
a necessity, for obtaining better results close 
to the ones obtained in real conditions. As the 
model did not support this kind of 
distribution functions, an approximation was 
required. 

 



 

Fig. 7. Comparison of a model  with exponential distributions only (continuous line) and a model considering general stochastic 
distributions of the maintenance events (dotted line). 

 

With this approximation the results can 
not be the same with the ones that would 
have been obtained by using lognormal 
distribution. For this analysis a large number 
of simulations were performed, due the 
different types and times of failing. 

Therefore in future new possible cases of 
simulations and new times of simulation can 
be selected. As a result of the development of 
hardware new simulation times can be tested 
and new results can be obtained. Also, using 
the future versions of software new formulas 
for distribution functions will be available 
and the results will be more accurate and 
closer to the real cases. 

Finally it is envisaged that, future will 
yield more accurate results and allow more 

possible test cases, undoubtedly benefiting 
the evolution of traffic safety.  
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