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Abstract. When organizing transport processes on the railway, the most important component 

is the safety of railway traffic. Each country has a separate approach for assessing the safety of 

railway traffic on domestic railways. However, railway safety and other modes of transport is 

associated with technical or managerial risks. Assessment of the safety condition of traffic on 

Ukrainian railways is carried out by absolute and specific indicators resulting from statistical 

data. So far as the existing methodology for assessing the level of railway traffic safety does 
not provide a real and adequate picture, the problem of developing a risk system is relevant. 

The paper presents a risk system for assessing the level of actual and predicted safety of 

railway traffic. The risk system includes general, local, technological and technical risks. Each 

risk has a quantitative characteristic and can be applied to assess the safety of the railway 

traffic. The developed risk system is implemented as an application program and implemented 

at the railway enterprises of Ukraine. The presented system of risks and their posterior and 

priori values allow us to characterize the real state of railway traffic safety for the study period. 

Based on the obtained values of posteriori and priori risks, it is possible to characterize the 
actual and predicted safety of the railway traffic. 

1.  Introduction 

The Railway safety throughout the world is on the first place when organizing all transport processes. 
Each country is characterized by a separate approach to assessing traffic safety on internal railways. 

However, almost the whole world is of the opinion that the traffic safety on railways and other modes 

of transport can be interpreted through risks that can be technical, managerial and the like [1]. The risk 
on the railway transport of Ukraine is understood as the probability of losses and losses in the process 

of transportation. Risks in rail transport are characterized by complexity and diversity, therefore, their 

classification is carried out according to individual characteristics [1]. However, there is no risk 
system in Ukraine’s railway transport that could be applicable to assess railway safety. 

2.  The relevance, scientific significance of the issue with a brief review of the literature 

On the Ukrainian railways [1], absolute and specific indicators are used to assess the state of the 
railway safety. As absolute indicators, statistical data are used, such as: the number of traffic accidents 
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and the number of victims, fatalities or injuries, and as specific indicators, derivatives of statistical 

data. Since the existing methodology for assessing the level of railway safety does not provide a real 

and adequate picture, the problem of developing a risk system that will allow us to assess the level of 
actual and predicted railway safety is relevant. 

On the Slovak Railway, risk assessment models are being developed with an indication of their 

applicability to railway safety [2]. Risk assessment models are based on accident scenarios and include 
an improved level of human factor modeling and the use of more sophisticated statistical analysis 

methods. Moreover, various dangerous events or the level of traffic safety are characterized on the 

basis of statistical reports with the holding of meetings and the involvement of experts on railway 
safety. It should be noted that a comprehensive description of traffic safety through risks has not been 

provided. Based on accident scenarios involving an expert, an assessment of railway safety was also 

performed in [3], but taking into account the human factor. However, artificial intelligence methods 
are used here to simulate, store and evaluate knowledge about traffic safety. At the same time, 

software tools are designed to facilitate the work of experts and systematize important statistics. 

Similar data are given in [4, 5]. According to the data of the works, it should be noted that the human 
factor is not taken into account when involving experts for analysis or for building intelligent systems. 

On the Polish railways [6], risk management methods are associated with the processes of the 

maintenance system of the elements of the transport system. In this regard, the authors noted the need 
for further studies of the relationship between the maintenance system and risk management methods, 

since they will contribute to greater coherence of transport systems and increase their efficiency in 

implementing security policy objectives. These works do not take into account other conditions of the 
life cycle of vehicles. In [7], identification of risks arising in the transport system is given, and based 

on an analysis of the identified risks; measures are proposed for the optimal functioning of the 

transport system. This work does not take into account the possibility of replacing the means of the 
transport system chain. 

The existing method of quantitative risk assessment in the Netherlands [8] for determining railway 

safety during transport is focused exclusively on fatal victims. The disadvantage of this technique is 
the inability to predict risks. Since monitoring of the railway infrastructure is a vital task for ensuring 

the safety of railway traffic, video surveillance is used in [9] to assess the risk of rail failure. The 

results obtained illustrate the practicality and effectiveness of the proposed approach, but do not take 
into account the influence of other means of transport and elements of railway infrastructure. The 

Chinese development strategy [10] applies 24 potential critical risks in the railway sector, which are 

divided into 6 groups. One of the methods for determining safety is a questionnaire aimed at collecting 
data on the likelihood of a risk and its impact; the same method was used in [11]. Another method for 

assessing critical risks in the railway sector, given in [10], based on a fuzzy sensitivity analysis, as 

criteria for their identification. The results of the application of this method confirm its effectiveness, 
reliability and practicality in assessing risks, since it allows you to assess risks at three different levels: 

risk factors, risk categories and general risk; Lexical uncertainty and uncertainty due to lack of data 

are included and taken into account in the assessment process. The Shanghai Railway Bureau [12] has 
introduced a risk management approach based on the Figure and Four Tables (AFFTM) method to 

assess the quality of rail design. As a result, real-time monitoring and preliminary warning of the state 

of risk is significantly improved, automatic generation of qualitative risk indicators, efficiency and risk 
management levels. However, this approach applies only to the design of railways. Risk management 

on the Austrian railways with a methodological management basis is given in [13], where it is shown 

that risk reduction in decision-making is possible at three levels. Moreover, risk assessment is carried 
out in terms of capital investments, which allows you to manage these risks. It is noted about the 

influence of the human factor in the interaction between diversified partnerships, but the latter are 

considered as the most important element of risk management. The disadvantage of this rating system 
is its bulkiness. As part of the decision-making and forecasting processes for periodic maintenance of 

vehicles during the operation of the UK railways [14], it is accepted that the impact on traffic safety is 

possible using the concept of risk management and asset management. The paper critically examines 
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the current risk management practices in the railway industry to identify appropriate risk management 

models and offers recommendations for their further improvement and inclusion in asset management. 
To reduce risks, a methodology for analyzing a tree of temporary errors was proposed in [15], with the 

help of which vehicle malfunctions and the time required to eliminate malfunctions and perform 

maintenance to prevent accidents can be determined. In this work, the influence of the human factor is 
not taken into account. In [16], the requirements for ensuring the safety of railway passenger transport 

were analyzed based on the theory of risk management and the PDCA cycle model. At the same time, 

for qualitative and quantitative risk assessments, it was proposed to create a security management 
group. A safety risk management system for railway passenger transport has been built; it implements 

risk management, performance assessment and data management functions. The disadvantage of the 

constructed system is that people make decisions, and this, accordingly, is the influence of the human 
factor. The risk management structure was proposed in [17], which serves to eliminate the causes of 

accidents, including hazard identification, risk analysis, assessment, processing and control. The 

disadvantage of this system is the length of decision making. In [18], railroad power supply systems 
are considered critical for the safety of the transport system and this proposal is justified using a risk 

analysis based on IEC 61508. The safety system is modeled on Markov circuits. By comparing the 

results with a simplified fault tree, the significance of accurate calculations is obtained. The 
disadvantage of this position is the neglect of other railway infrastructure systems. The performed risk 

analysis in [19] led to the solution using stochastic rather than deterministic methods in assessing 

traffic safety, however, based on economic indicators of losses. The paper shows the possibilities of 
transition to the railway system of risk analysis methods that are currently used for other transport and 

technological systems. But, the implementation of such a transition is not given in the work. The work 

[20] presents methods for assessing risks and the possibility of reducing them in the design, operation 
and maintenance of railway vehicles. Particular attention is paid to the design of freight cars and their 

impact on traffic safety. The disadvantage of this work is the neglect of other systems and means of 

railway infrastructure. Train safety in [21] is characterized by a quantitative assessment of human 
errors with the choice of a Bayesian network for studying the consequences of identified errors. The 

Bayesian network is used to model hazardous events, risks and quantify train safety. However, the 

technical condition of the railway infrastructure and its impact on the traffic safety are not taken into 
account. 

3.  Statement of the problem 

To describe the nature and obtain a numerical characteristic of railway safety in railway transport, it is 
necessary to have at their disposal an evaluating risk system that will allow a comprehensive 

assessment of the level of the actual and forecasted state of railway safety. Therefore, the work will 

develop a risk system designed for a comprehensive assessment of railway safety in railway transport. 

4.  The theoretical part 
For a specific point in time, the risk of transport processes on the railway is taken to be the posterior 

risk for certain past observation interval, and we will use priori risk to predict risks. 

The posterior risk of transport processes will be characterized by statistical data on the safety of 
movement of a particular railway object for the study period. This indicator will characterize the risk 

of losses of the investigated transport system. 

The priori risk of transport processes will be based on pre-processed statistical data for the entire 
railway or its individual facility for the most significant studied periods of monitoring traffic safety. 

With the help of this indicator, the magnitude of the risks of an individual object of the railway 

transport can be predicted. 

To determine the magnitude of the risk required indicators that can be described by the following 
vector: 

 ))(),(),(( XRXRXRR  , (1) 
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)(),(),( XRXRXR  , posterior, real and priori risks, respectively. 

To characterize the safety of railway traffic, a risk system is proposed that includes general, local, 
technological and technical risks. 

The general posterior risk of the railway transportation facility: 

 ,;
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RD , the proportion of the traffic safety violations that occurred at the transportation facility; RR   – 

general posterior risk of the entire railway; iN , the number of traffic safety violations committed by 

the transportation facility in the i -th period; n , the number of study periods. 

Local posterior risk of the railway transportation facility: 

 . RDR RS  (3) 

Technological posterior risk of a railway transportation facility: 
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thgD , the proportion of traffic safety violations that occurred at the transportation facility due to a 

violation of the transport process technology; 
ithgN , the number of traffic safety violations that 

occurred at the transportation facility during a particular period due to a violation of the transport 

process technology. 
Technical posterior risk of the transportation facility: 
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tchD , the share of traffic safety violations that occurred at the transportation facility due to failures of 

technical and transport vehicles, equipment, etc.; 
itchN , the number of traffic safety violations that 

occurred at the transportation facility due to failures of technical and vehicles, equipment, etc. 

To determine priori risks, the use of the following expressions is proposed: 
- according to the optimistic scenario: 
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- an approximate real scenario: 
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R , weighted average risk increase;  , average increase in effective risk; i , risk increase in the i -

th period; P , probability of uptime. 

5. Practical relevance, suggestions and implementation results, experimental research results 

The developed and described risk system makes it possible to assess railway safety at a separate 

railway transport facility. Each risk has a quantitative characteristic and can be applied for a practical 
assessment of the railway safety. The developed risk system received applied software application and 

was implemented at the enterprises of railway transport of Ukraine. 

Experimental studies of the practical application of the developed risk system using an example of 
a separate railway facility made it possible to calculate posterior and priori risks. The results are 

shown in tables 1, 2. 

Table 1. Posteriori risks of a railway transportation facility. 

Risk system 
2015, 
х10-8 

2016, 
х10-8 

2017, 
х10-8 

2018, 
х10-8 

2019, 
х10-8 

General 223 244 1860 584 689 

Local 9 7 96 27 27 

Technological 23 20 241 90 95 

Technical 1 1 5 2 2 

 

Table 2. Priori risks of the railway transportation facility. 

Risk system 
R, 

х10-8 

R↑о, 

х10-8 

R↑r, 

х10-8 

General 3176 3178 3933 

Local 75 75 115 

Technological 123 124 219 

Technical 26 26 28 

 

The data are shown in table 1 allow us to make an assessment of posterior values in the risk system. 

Based on the calculated values of posterior risks, we can conclude on the state of railway safety at the 
railway transportation facility for each year under consideration. The most critical year is 2017, in 

which the risk values are 2.5 ... 8.3 times higher compared to other years. 

The priori risks of the railway transportation facility (Table 2) practically do not differ compared 
with the risk value of the current period R with optimistic forecasting. In the case of approximate real 

forecasting, in the risk system there are increased risk values 1.1...1.8 times compared with the risk 

value of the current period R. The approximate real scenario of forecasting the risk system is more 

adequate compared to optimistic forecasting, which allows us to state a more realistic description of 
the actual and predicted railway safety. 

6. Conclusions 

In the work, a risk system is developed and described that allows assessing the safety of traffic for a 
railway transport facility. The risk system includes general, local, technological and technical risks. 

Each risk has a quantitative characteristic and can be applied to assess the safety of the railway traffic. 

The presented system of risks and their posterior and priori values allow us to characterize the real 
state of the railway traffic safety for the study period. Prediction of the priori risk of a railway 

transportation object in a separate time interval under an approximate real scenario is more adequate in 

comparison with optimistic forecasting. Based on the obtained values of posteriori and priori risks, it 

is possible to characterize the actual and predicted safety of the railway traffic. 
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