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ABSTRACT 

The concept of risk analysis is especially important because it examines and analyses in a 

detailed manner the factors that affect the normal functioning of a system. In this paper, the 

level crossing is considered as one system, composed of several elements. The failures of 

those elements were analysed with the aim of showing which are the most frequent and most 

critical failures. A multi-methodological approach was used in the analysis. The failure 

modes and effects analysis (FMEA) method was used to determine risk factors, after that a 

multi-criteria model was created in a fuzzy environment, and as output, it gave a ranking list 

of critical failures in the system. Through the discussion of the results, a comparison of the 

basic model with two other similar ones was made, and the comparative results were 

analysed. The main aim of this paper is to present one of the possible ways to analyse the 

risk of the system of level crossings with the aim of improving traffic safety at the crossing. 

KEYWORDS 

level crossing; risk analysis; failure modes and effects analysis (FMEA); fuzzy approach; 

TOPSIS. 

1. INTRODUCTION 

Level crossings are places where road traffic lanes, i.e. the roadway, intersect with the railway, i.e. the 

upper edge of the rails at the same level. These places are places of high-risk zones for traffic safety due to the 

possibility of contact between the train and the road vehicle. The most frequent accidents at level crossings 

have very serious consequences and often result in deaths, primarily of road traffic participants. The reason 

for this is the very large differences in the speed of movement of road and railway vehicles, their structural 

characteristics and mass, and the length of the stopping distance. Accidents that occur at live crossings are 

mostly attributed to the railway as the responsible party in the mass media. Statistical analysis indicates that 

the main cause of accidents is the behaviour of road traffic participants (drivers of motor vehicles, cyclists and 

pedestrians) who knowingly or unknowingly did not comply with traffic regulations [1]. On average, the 

number of people killed at level crossings represents one-third of all people killed in railway traffic, and only 

1–2% of people killed in road traffic. For this reason, level crossings do not represent a major safety problem 

in the road sector [2]. 

Considering that level crossings represent high-risk places; it is necessary that they are adequately insured. 

Regarding the safety system, level crossings can be secured with passive or active signalling. Passive signalling 

systems are equipped with road signalling traffic signs. These include the mandatory stop sign “Stop” and the 

“St. Andrew’s Cross” traffic sign with a secured zone of visibility from the road to the railway. Active 

signalling safety systems represent insurance in which there is a change in the state of the system (light-sound 

and/or mechanical) in relation to the arrival of a railway vehicle. This change of state can be controlled 
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manually by an authorised worker at the crossing itself or remotely from an official place. Active safety 

systems, in addition to road signs, contain light and sound signalling with or without half-barriers and barriers. 

Passive and active signalling systems belong to the group of level crossings that cross at the same level. 

However, there is also another group according to the way the road and railway cross, and that is out of level. 

Crossing a road and a railway outside the level implies the construction of an underpass or an overpass so that 

physical contact with the vehicles of these two types of traffic is impossible. The advantage of building such 

road crossings is that they offer the highest level of safety. However, they have one major drawback, which is 

that such a crossing takes up a large area around the intersection of the road and the railroad (unlevel road 

access to the intersection of the road and the railroad), which implies large investments. For this reason, the 

construction of such road crossings must be justified [3]. 

In this paper, the level crossing is observed as a system, secured by active signalling, and some of the 

possible failures of individual elements or sub-elements of the system are shown. A multiple approach to 

analysis was used, combining the failure modes and effects analysis (FMEA) method in a fuzzy environment 

and a multi-criteria model created using the TOPSIS method (techniques for order preference by similarity to 

ideal solution). These methodological approaches will be discussed in more detail in the next chapter. 

There are numerous papers from various scientific fields that contain some form of the FMEA method. A 

group of authors headed by Oyang et al. considered a model of multiple perspectives of risk analysis factors 

in the FMEA method [4]. They proposed a new classification method by combining risk factors in pairs (S&O 

(severity and occurrence), S&D (severity and detection), O&D (occurrence and detection)). The authors 

combined FMEA and the functional resonance analysis method (FRAM) on the example of a nuclear-powered 

icebreaker [5]. In the paper [6] the Delphi-FMEA model was applied to prioritise risks in traffic accidents. 

In the paper [7], the authors developed a model that includes statistical risk assessment using Bayesian 

networks. Using this approach, they analysed various influencing factors that can cause accidents at level 

crossings. 

The paper [8] deals with the creation of a methodology for the identification of risks regarding the safety 

of railway traffic at level crossings. In the process of creating this methodology, a modified FMEA method 

was used. 

Žitnikova et al. performed an analysis of traffic safety at level crossings in one region from the technical 

and legislative aspects, as well as the participation of human errors in the occurrence of accidents at level 

crossings. Using the FMEA method, they determined risk scenarios and made suggestions for improving traffic 

safety at crossings [9]. 

The application of the fuzzy-TOPSIS method is shown in the paper of the author Kasalica et al., on the 

example of a level crossing. The authors considered additional safety measures at the level crossing according 

to certain criteria in order to increase traffic safety at the crossing [10]. 

Level crossings represent a very good basis and proctor, which is very suitable for conducting various 

research regarding the application of different methodologies and approaches, all with the aim of increasing 

traffic safety at level crossings [11–14]. 

2. METHODOLOGY 

In this chapter, the basic concepts of the methods used in this work will be discussed. These are the FMEA 

method, the fuzzy approach and fuzzy sets, as well as the TOPSIS multi-criteria decision-making (MCDM) 

method. 

2.1 FMEA method  

FMEA (failure modes and effects analysis) belongs to a group of engineering methods and techniques for 

quality improvement. FMEA is a method used to evaluate the modes and effects of potential failures of 

subsystems, assemblies, components or functions in a system. FMEA is an inductive, team method that 

requires time and a good knowledge of the system being analysed. The goal of the method is to identify failures 

that can adversely affect the reliability of the entire system. FMEA is most often used in the initial stages of 
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development to ensure that all potential failures are detected and eliminated in time. FMEA applies to any 

system and any desired level of detail – system, subsystem, assembly or component. In the short term, FMEA 

lists potential failures and identifies the severity of their effects and prioritises correction. In the long term, 

FMEA develops criteria for planning system testing; provides documentation for future reliability analysis in 

case of system design changes; provides a basis for maintenance planning; provides a basis for qualitative and 

quantitative analysis of system reliability. 

FMEA is a very important technique used to identify and eliminate known and potential system/subsystem 

failures. The aim of this method is to increase the reliability and security of the system and is very important 

in terms of risk analysis. The basic terms used in FMEA are: 

1) Failure – deviation from the planned function or behaviour; the inability of a system, subsystem or 

component to perform a required function. 

2) Failure mode – the way in which the element fails; the shape or state of the element in which the element 

is after failure. 

3) Failure cause – the process or mechanism responsible for initiating the failure. Processes that can cause 

component failure are e.g. physical failure, model defect, manufacturing defect, environmental impact, etc. 

4) Failure effect – consequence of a failure on the functioning or status of an element and system. 

The basic concept of the FMEA method implies the decomposition of the system into its component 

elements, up to a level depth that has been assessed as significant for the analysis. 

 

 
Figure 1 – FMEA concept 

 

Depending on the application, FMEA is classified as production FMEA or process FMEA. A manufacturing 

FMEA analyses a product or system design by examining how element failure affects the product or system. 

A process FMEA analyses the processes involved in the production, use and maintenance of a product. 

Examines how process failures affect a product or system. By way of implementation, FMEA can be functional 

and structural. In the functional one, the system is analysed from the aspect of its functionality and decomposed 

into sub-functions. In structural FMEA, the system is analysed from the aspect of its structure (components). 

According to Stamatis, there are 4 types of FMEA methods: system, design, process and service FMEA [15]. 

The classification is based on the practical application of the method itself. The first step is to identify possible 

system failures, after which a critical failure analysis is performed, taking into account risk factors: occurrence 

(O), severity (S) and detection (D). The risk priorities of failure modes are determined through the risk priority 

number (RPN), which is the product of the O, S and D of a failure. That is  

𝑅𝑃𝑁 =  𝑂 ∙ 𝑆 ∙ 𝐷  (1) 

where occurrence (O) is the probability of the failure, severity (S) is the severity of the failure and detection 

(D) is the probability of not detecting the failure. These three risk factors could be valued and graded on the 

basis of scales. Scales can be universal (e.g. from 1 to 10) or can be formulated for the specific system being 

analysed. Based on the RPN, the ranking is obtained and the elements can be sorted according to the highest 

or lowest number, that is, the highest or lowest risk of failure (such as those shown in Tables 1-3). 
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Table 1 – FMEA scale for severity (S) 

Severity of effect Rating 

There is no reason to expect that the failure will have an effect on safety, health, the environment or the mission. 1 

Slight functional impairment. The repair can be completed as soon as the failure is noticed. 2 

Slight functional impairment. The repair may take longer but will not compromise the mission. 3 

Moderate functional impairment. Some parts of the mission must be reworked or parts of the process delayed. 4 

Moderate functional impairment. The entire mission must be reworked or the entire process postponed. 5 

Moderate functional impairment. Some parts of the mission are lost. Moderate delay in system recovery. 6 

Major dysfunction. Some parts of the mission are lost. Significant delay in system recovery. 7 

Major dysfunction. The whole mission is lost. Significant delay in restoring the system. 

Cancellation occurs without warning. 
8 

Potential danger to safety, health or the environment. Cancellation occurs with a warning. 9 

Potential danger to safety, health or the environment 10 

Table 2 – FMEA scale for occurrence (O) 

Effects and occurrence Rating 

Remote. The failure is almost unbelievable. 1 

Very low. Very rare failures. 2 

Low. Relatively few failures. 3 

Low to moderate. Infrequent failures. 4 

Moderate. Occasional failures. 5 

Moderate to high. Frequent failures. 6 

High. Failures occur frequently. 7 

High. Failures are repeated. 8 

Very high. Failures and failure free operations are almost the same. 9 

Extreme. Failure is almost inevitable. 10 

Table 3 – FMEA scale for detection (D) 

Detection Rating 

Almost certain 1 

Very high 2 

High 3 

Moderately high 4 

Moderate 5 

Low 6 

Very low 7 

Remote 8 

Very remote 9 

Absolute uncertainty 10 
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2.2 Fuzzy set theory and linguistic variables  

Fuzzy set theory was developed by Zadeh as a conceptual framework to treat uncertain and imprecise 

situations existing in real life [16]. Incorporating fuzzy set theory in the MCDM methodology, Bellman and 

Zadeh introduced a mathematically precise way of treating vagueness and subjectivity in assigning criteria 

weights and performance rating of each alternative regarding evaluation criteria [17]. So far, various MCDM 

methods have been extended under fuzzy environment and applied in different fields of engineering or 

management [18–20]. In this paper, we involve the application of fuzzy logic and TOPSIS method with the 

aim of ranking the critical elements of the level crossing system. 

For the sake of simplicity, we utilise triangular fuzzy numbers to represent linguistic variables in this paper. 

In the literature [21, 22], a triangular fuzzy number Ã = (a1, a2, a3) is determined as a triplet of crisp numbers 

such that a1<a2<a3 (see Figure 2). The function value μÃ(x) stands for the membership degree of x in Ã, such 

that a higher μÃ(x) means a higher degree of belongingness for x in Ã (see Equation 2). 

µÃ(𝑥) =

{
 
 

 
 

0,              𝑥 < 𝑎1
𝑥−𝑎1

𝑎2−𝑎1
,     𝑎1 < 𝑥 < 𝑎2

𝑎3−𝑥

𝑎3−𝑎2
,    𝑎2 < 𝑥 < 𝑎3

0,              𝑥 > 𝑎3

  

 

(2) 

According to [23], the distance between two triangular fuzzy numbers Ã = (a1, a2, a3) and Ñ = (n1, n2, n3) 

can be derived utilising the vertex method (see Equation 3). Although the crisp value of the triangular fuzzy 

number can be derived utilising different defuzzification methods, we apply the centroid method in this paper 

(see Equation 4). 

𝑑(Ã, Ñ)

= √
[(𝑎1 − 𝑛1)2 + (𝑎2 − 𝑛2)2 + (𝑎3 − 𝑛3)2]

3
 

(3) 

𝑥0(Ã) =
𝑎1+𝑎2+𝑎3

3
  (4) 

Within a decision-making process, experts often tend to use linguistic variables to accommodate 

the fuzziness contained in their judgments. The following sets of linguistic terms with their corresponding 

triangular fuzzy numbers (see Figure 3) are adopted to express values of linguistic variables in order to evaluate 

criteria weights and ratings of alternatives. 

 

 

 
Figure 2 – Triangular fuzzy number 
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Figure 3 – Linguistic variable 

 

2.3 TOPSIS method  

The TOPSIS (techniques for order preference by similarity to ideal solution) method defines a solution 

from the final group of elements based on the distance measure from the ideal solution. The application of this 

principle of measuring the distance from the ideal solution in TOPSIS eliminates the possibility of subjective 

decision-making [24]. The ranking of alternatives is based on a measure of relative closeness to the ideal 

solution and a measure of relative distance from the anti-ideal solution. An ideal solution represents a 

combination of the best alternative values for each criterion, and an anti-ideal solution represents a combination 

of the worst alternative values for each criterion. Ideal and anti-ideal solutions are defined for each criterion 

separately, taking into account whether the criterion is of minimisation or maximisation type. The algorithm 

of the TOPSIS method consists of the following steps (see Figure 4): 

 

1) Formation of the starting decision matrix for alternatives (A1, A2 , ..., Am) according to the adopted criteria 

(C1,C2,...Cn) and criteria functions (f1, f2,...fn). The matrix element represents the values of j criteria function 

for i alternative. 

2) Normalisation of values of the starting decision matrix is performed with the aim of reducing values 

to a dimensionless value according to the relation below (see Equation 5). 

𝑥𝑖𝑗 =
𝑓𝑖𝑗

√∑ 𝑓𝑖𝑗
2𝑛

𝑖=1

  (5) 

3) Determination of weighted criteria values (w1, w2,...wn) and formation of weighted normalised matrix. 

Matrix element vij represents the multiplication of weighted criteria value vij and normalised alternative 

value xij. 

4) Determination of ideal solution (A*) and anti-ideal solution (A-) as a combination of best (vj
*) and worst (vj) 

alternative values by all criteria (see Equation 6). 

𝐴∗ = {𝑣1
∗, 𝑣2

∗, … , 𝑣𝑚
∗ } , 𝐴− = {𝑣1

−, 𝑣2
−, … , 𝑣𝑚

−  } (6) 

5) Determination of relative separation measures of alternatives from the ideal solutions (see Equation 7). 

𝑆𝑖
∗ = √∑(𝑣𝑖𝑗 − 𝑣𝑗

∗)
2

𝑛

𝑗=1

 ,      𝑆𝑖
− = √∑(𝑣𝑖𝑗 − 𝑣𝑗

−)2
𝑛

𝑗=1

 ,    𝑖 = 1,… ,𝑚       (7) 
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6) Determination of the relative closeness to the ideal solution (see Equation 8). 

𝐶𝑖
∗ =

𝑆𝑖
−

𝑆𝑖
∗+𝑆𝑖

−  , 𝑖 = 1,… ,𝑚   (8) 

7) Ranking alternatives according to relative closeness to the ideal solution. 

 
Figure 4 – TOPSIS algorithm 

3. AN ILLUSTRATIVE EXAMPLE 

As already mentioned, level crossings are places where the railway and the road cross on the same level. 

Given that this intersection is an area of very high risk for the safety of road users, it is necessary to take all 

measures to reduce the number of accidents at crossings and mitigate their consequences. One of the factors 

that can negatively affect the normal flow of traffic on the crossings is the functionality of the level crossing 

security device. 

In this example, we looked at certain structural elements that make up the level-crossing system. Some 

of the most common failures and malfunctions of individual sub-elements of this system are processed in 

the framework of these elements. A detailed analysis was carried out with the help of experts and 27 types 

of failure were selected as part of a group of 7 constituent elements of the level crossing. The experts are 

engineers from 3 different professions related to level crossings (LC) and they gave their linguistic ratings 

for each failure according to the appropriate criteria (severity, occurrence and detection) used in the model 

(see Table 4). There were 3 experts from each profession, and the ratings shown for each group of experts 

represent their combined ratings. Table 5 shows linguistic evaluations by experts for the importance of each 

criterion. 

Linguistic ratings shown in Tables 4 and 5 were transformed into triangular fuzzy numbers. The fuzzy 

numbers are aggregated so that one common fuzzy value is obtained taking into account all 3 expert 

opinions, as shown in Table 6. After that, the values from the aggregated matrix are defuzzified using Equation 

4, (see Table 7). In Table 7, a defuzzified matrix is shown, where one of the three values from Table 6 is shown, 

which represents them. 
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Table 4 – Rating of alternatives with respect to criteria 

   DM1 DM2 DM3 

 Element Failure S O D S O D S O D 

1 

L
C

 c
o

n
tr

o
l 

sy
st

em
 

Failure of the microswitch to control the final position of the barriers in one 

setting device. 
L M VL M M VL M M VL 

2 
Failure of the microswitch to control the final position of the barriers in 

both setting devices. 
L L VL M L VL M L VL 

3 Failure of engine. M L VL H M VL M L L 

4 Failure of the electromagnetic brake. M L VL M M VL M L L 

5 
Mechanical lever failure (for devices where the closing of the passage is 

done by gravity). 
M L VL M M L M L L 

6 Mechanical lever failure after power loss. M L VH M L VH H L H 

7 Fracture of half-barrier or barrier. L M VL M M VL L M VL 

8 
Interruption of the cable for checking the integrity of the half-barrier or 

barrier. 
L L VL M L VL M L VL 

9 
Interruption of the cable for controlling the final position of the half-barrier 

or barrier. 
L L VL M L VL M L VL 

10 Forcible retention of the half-barrier or barrier during lowering or raising. L L VL L M VL H L VL 

11 

L
C

 a
ct

iv
at

io
n

 p
o

in
t 

Failure of one of the two activation devices. L M VL M M VL M M VL 

12 Failure of both electronic activation devices. L L L M L M H VL VL 

13 
Failure of both activation devices – punctual type (broken mechanical pedal 

or stuck magnetic-rail contact). 
VH L VH VH VL VH VH L VH 

14 
Magnetic-rail contact on the activation device – due to iron filings false 

activation. 
L L VL M M VL M M VL 

15 Interruption of the cable for the control of the activation device. L L VL M L VL M L VL 

16 

L
C

 d
ea

ct
iv

at
io

n
 p

o
in

t 

Failure of one of the two deactivation devices, during a switch-off level 

crossing (raised half-barrier or barrier). 
L L VL M M VL M L L 

17 
Failure of both deactivation devices, during a switch-off level crossing 

(raised half-barrier or barrier). 
L M VL M L VL M L L 

18 
Failure of one of the two deactivation devices, during a switch on level 

crossing (lower half-barrier or barrier). 
L L VL H M VL M L L 

19 
Failure of both deactivation devices, during a switch on level crossing 

(lower half-barrier or barrier). 
M L VL M M VL H L H 

20 Interruption of the cable for controlling the deactivation device. M L VL M M L L M VL 

21 

R
ai

lw
ay

 

b
lo

ck
 s

ig
n

al
 

d
ev

ic
e 

 

Failure of the block section or shield block signal. M L VL M L VH M L VL 

22 Failure of permission, driving under “contra-permission”. M L VH M M VL M L VL 

23 

In
te

rl
o

ck
in

g
 

sy
st

em
 

Extended train travel time from the activation point to the level crossing 

zone. 
L M VL M L VL H L VL 

24 

P
o

w
er

 

su
p

p
ly

 

o
f 

L
C

 

 

Interruption of power supply. L L VL M L VL M M VL 

25 Battery failure. L L VL L M VL H VL VL 

26 

R
o

ad
 

si
g

n
al

 One fibre on the light bulb on the road signal has burned out. L L VL M M VL VH L VH 

27 Both fibres on the light bulb on the road signal have burned out. L M VL M L M M L VL 
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Table 5 – Importance weight of criteria assessed by decision-makers 

 C1 (S) C2 (O) C3 (D) 

DM1 VH M M 

DM2 VH M H 

DM3 H L M 

Table 6 – Aggregated fuzzy ratings and subjective fuzzy weights 

Criteria S O D 

Weights (0.5; 0.92; 1) (0; 0.42; 0.75) (0.25; 0.58; 1) 

1 (0; 0.42; 0.75) (0.25; 0.5; 0.75) (0; 0; 0.25) 

2 (0; 0.42; 0.75) (0; 0.25; 0.5) (0; 0; 0.25) 

3 (0.25; 0.58; 1) (0; 0.33; 0.75) (0; 0.08; 0.5) 

4 (0.25; 0.5; 0.75) (0; 0.33; 0.75) (0; 0.08; 0.5) 

5 (0.25; 0.5; 0.75) (0; 0.33; 0.75) (0; 0.17; 0.5) 

6 (0.25; 0.58; 1) (0; 0.25; 0.5) (0.5; 0.92; 1) 

7 (0; 0.33; 0.75) (0.25; 0.5; 0.75) (0; 0; 0.25) 

8 (0; 0.42; 0.75) (0; 0.25; 0.5) (0; 0; 0.25) 

9 (0; 0.42; 0.75) (0; 0.25; 0.5) (0; 0; 0.25) 

10 (0; 0.42; 1) (0; 0.33; 0.75) (0; 0; 0.25) 

11 (0; 0.42; 0.75) (0.25; 0.5; 0.75) (0; 0; 0.25) 

12 (0; 0.5; 1) (0; 0.17; 0.5) (0; 0.25; 0.75) 

13 (0.75; 1; 1) (0; 0.17; 0.5) (0.75; 1; 1) 

14 (0; 0.42; 0.75) (0; 0.33; 0.75) (0; 0; 0.25) 

15 (0; 0.5; 1) (0; 0.25; 0.5) (0; 0; 0.25) 

16 (0; 0.42; 0.75) (0; 0.25; 0.5) (0; 0; 0.25) 

17 (0; 0.42; 0.75) (0; 0.08; 0.5) (0; 0; 0.25) 

18 (0; 0.42; 0.75) (0; 0.25; 0.5) (0; 0; 0.25) 

19 (0.25; 0.5; 0.75) (0; 0.17; 0.5) (0; 0.5; 1) 

20 (0.25; 0.5; 0.75) (0; 0.25; 0.5) (0; 0; 0.25) 

21 (0; 0.42; 1) (0.25; 0.5; 0.75) (0; 0; 0.25) 

22 (0; 0.42; 1) (0; 0.33; 0.75) (0; 0; 0.25) 

23 (0.25; 0.58; 1) (0; 0.33; 0.75) (0.75; 1; 1) 

24 (0; 0.33; 0.75) (0.25; 0.5; 0.75) (0; 0; 0.25) 

25 (0; 0.42; 1) (0; 0.33; 0.75) (0; 0; 0.25) 

26 (0; 0.33; 0.75) (0.25; 0.5; 0.75) (0; 0; 0.25) 

27 (0; 0.42; 0.75) (0; 0.17; 0.5) (0; 0; 0.25) 
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Table 7 – Defuzzified values 

Criteria S O D 

Weights 0.81 0.39 0.61 

1 0.39 0.50 0.08 

2 0.39 0.25 0.08 

3 0.61 0.36 0.19 

4 0.50 0.36 0.19 

5 0.50 0.36 0.22 

6 0.61 0.25 0.81 

7 0.36 0.50 0.08 

8 0.39 0.25 0.08 

9 0.39 0.25 0.08 

10 0.47 0.36 0.08 

11 0.39 0.50 0.08 

12 0.50 0.22 0.33 

13 0.92 0.22 0.92 

14 0.39 0.36 0.08 

15 0.50 0.25 0.08 

16 0.39 0.25 0.08 

17 0.39 0.19 0.08 

18 0.39 0.25 0.08 

19 0.50 0.22 0.50 

20 0.50 0.25 0.08 

21 0.47 0.50 0.08 

22 0.47 0.36 0.08 

23 0.61 0.36 0.92 

24 0.36 0.50 0.08 

25 0.47 0.36 0.08 

26 0.36 0.50 0.08 

27 0.39 0.22 0.08 

 

In this analysis, for the defining of weighted coefficients the eigenvector method is used. In the first step, 

the comparison of the criteria relevance is performed using the kij values, resulting in the Saaty scale [25]. The 

matrix for criteria comparison is presented in Table 8. Normalised values of the weighted coefficients are the 

results of the relation (see Equation 9). The values of these weighted coefficients are presented in Table 9 and 

have a consistency ratio of 0.008, totally acceptable under the principle described in [26]. 

𝑤𝑗 =

∑
𝑘𝑖𝑗

∑ 𝑘𝑖𝑗
𝑛
𝑖=1

𝑛
𝑗=1

𝑛
 

(9) 

Table 8– Comparison of criteria using the Saaty scale 

 C1 C2 C3 

C1 1 3 2 

C2 1/3 1 1/2 

C3 1/2 2 1 
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Table 9 – The value of weights 

 wj 

C1 0.54 

C2 0.16 

C3 0.30 

 

After forming the weighted normalised matrix according to the TOPSIS method algorithm, the ideal 

solution and anti-ideal solution are defined according to relation (see Equation 6). The values of the ideal 

solutions are shown in Table 10. The measure of the distance between the ideal solution and the anti-ideal 

solution is derived from the result based on a relation (see Equation 7) and is shown in Table 11. Based on the 

measure of the relative closeness of the alternatives to the ideal solutions, the comparison of the alternatives 

(rank list) follows from the relation (see Equation 8). 

Table 10 – Values for ideal and anti-ideal solution 

 C1 C2 C3 

A* 0.08 0.02 0.01 

A- 0.20 0.05 0.16 

Table 11 – Relative closeness to the ideal solutions and final ranking 

 Si
* Si

- Ci
* Rank  Si

* Si
- Ci

* Rank 

1 0.0283 0.1837 0.8666 15 14 0.0162 0.1841 0.9190 20 

2 0.0078 0.1851 0.9595 21 15 0.0303 0.1714 0.8496 10 

3 0.0592 0.1419 0.7057 5 16 0.0078 0.1851 0.9595 21 

4 0.0386 0.1545 0.7999 8 17 0.0060 0.1858 0.9688 27 

5 0.0412 0.1506 0.7850 7 18 0.0078 0.1851 0.9595 21 

6 0.1363 0.0722 0.3464 3 19 0.0781 0.1179 0.6014 4 

7 0.0276 0.1875 0.8715 17 20 0.0303 0.1714 0.8496 10 

8 0.0078 0.1851 0.9595 21 21 0.0366 0.1732 0.8257 9 

9 0.0078 0.1851 0.9595 21 22 0.0283 0.1736 0.8599 12 

10 0.0283 0.1736 0.8599 12 23 0.1548 0.0670 0.3022 2 

11 0.0283 0.1837 0.8666 15 24 0.0276 0.1875 0.8715 17 

12 0.0527 0.1375 0.7229 6 25 0.0283 0.1736 0.8599 12 

13 0.1875 0.0251 0.1182 1 26 0.0276 0.1875 0.8715 17 

 27 0.0065 0.1854 0.9662 26 
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4. DISCUSSION 

In this chapter, in addition to the discussion of the results, a sensitivity analysis will also be presented. The 

sensitivity analysis in this work was reflected in the fact that comparisons of the ranks of different failures 

(alternatives) were made taking into account three models. The first model was presented in the paper and 

included a combination of the fuzzy-TOPSIS method with the objective weighting coefficients of the criteria 

determined using the AHP method. The second model also represented a combination of the fuzzy-TOPSIS 

method, but in this model, all criteria had the same importance and equal weight coefficients (w=0.33). The 

third model represented failure risk analysis using the classical FMEA method. Using relation (see Equation 1), 

the RPN was obtained as the product of the mean values of the numerical ratings obtained by the experts (from 

a scale of 1 to 10) for each criterion. In the following Table 12 and Figure 5, a comparative view of the results 

and ranking of failures for all three models is shown. 

Table 12 – Failures rank according to each model 

 First model Second model Third model 

1 15 8 10 

2 21 21 25 

3 5 6 6 

4 8 14 7 

5 7 13 5 

6 3 3 3 

7 17 10 20 

8 21 21 17 

9 21 21 17 

10 12 15 22 

11 15 8 16 

12 6 5 8 

13 1 2 2 

14 20 18 13 

15 10 19 12 

16 21 21 14 

17 27 27 26 

18 21 21 14 

19 4 4 4 

20 10 19 17 

21 9 7 9 

22 12 15 11 

23 2 1 1 

24 17 10 20 

25 12 15 22 

26 17 10 22 

27 26 26 27 
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Figure 5 – Failures rank according to each model 

Based on the table and the graph, it is possible to clearly conclude which are the most critical failures and 

which should be reduced. Based on the first model, it is clearly observed that the most critical failure is under 

number 13. Also in the high-risk zone are failures under numbers 23, 6 and 19. Other failures fall into a more 

moderate risk zone, while failure under number 17 is the least risky. 

The second model shows that the most critical failure is the one under the number 23, while in the high-

risk zone failures are 13, 6 and 19. Based on this model, it was obtained that compared to the previous one, 

failures 13 and 23 changed their places. This certainly does not change the fact that special attention should be 

paid to both dismissals. Other cancellations fall into a more moderate risk zone, while the least risky 

cancellation is number 17, as in the first model.  

The third model, which is significantly different from the first two in its setup, showed that the most critical 

failure is number 23. As with the previous model, failures 13, 6 and 19 are in the high-risk zone. The least 

risky failure is number 27, which differs from previous models. Other cancellations fall under the medium risk 

category. 

Common to all models is that generally, the most critical and least critical failures are in line. Each model 

produced results such that there is a large overlap in the ranking of the most critical and least critical failures. 

In the first two models, the same failure is the least critical (17), while in the second and third models, the same 

failure is the most critical (23). The first and second models for failures in the middle-risk zone give fairly 

similar results and their lines on the graph largely have the same direction and overlap in several places. This 

similarity stems from the same work methodology, and the differences represent only the weighting 

coefficients for the criteria. However, the third model has certain deviations for cancellations in the medium-

risk zone. Namely, these differences are reflected in the way the FMEA method works. With this model, 

extreme values are visible, and they primarily come to the fore, leaving no significant impact on other values. 

Simply put, this model sets a slightly sharper line between the best/worst solutions and the rest. 

5. CONCLUSION 

Risk management, as well as risk analysis today represent one of the key aspects when modelling and later 

exploitation of many systems and assemblies. One of such assemblies is the level crossing. Considering the 

importance, function and potentially dangerous situations that can occur around the level crossing, it is 

necessary to pay maximum attention to all elements and all failures that can occur at the crossing, to eliminate 

and reduce their consequences. 

This paper presents some of the most common failures and failures of individual elements within the level-

crossing system in the Republic of Serbia in the period of the previous 5 years. Twenty-seven types of failures 

within 7 different elements of the system were analysed. Different methodologies were used as part of the 

analysis, which gave their results. At the very beginning, the risk factors used in the FMEA method were 

defined, and they were observed below as criteria in the multi-criteria analysis. Three groups of experts gave 

their ratings for each risk factor, which were later used in the analysis. Three models were developed, two of 

which were very similar and were based on the fuzzy-TOPSIS approach, while the third model represented the 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7

First model Second model Third model
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classic application of the FMEA method. All these models gave their output results based on which the ranking 

list of critical failures was created. 

This approach and the combination of different methodologies contributed to the output results being better 

quality, more objective and clearer. The combined approach represents a very powerful tool for some future 

research in this domain. As part of further research, some other possible cancellations should be considered, 

as well as a larger number of elements for consideration. If extensive failure databases exist, the modelled 

results can be compared to them. It is also possible to use some other methods of multi-criteria analysis, as 

well as some other approaches to objectively determine the weight coefficients of the criteria, with the addition 

of another criterion if necessary. 
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Analiza rizika elemenata putnog prelaza u fazi okruženju 
 

Sažetak 

Koncept analize rizika je posebno važan jer se njime detaljno ispituju i analiziraju faktori 

koji utiču na normalno funkcionisanje sistema. U ovom radu pružni prelaz se razmatra kao 

jedan sistem, sastavljen od više elemenata. Analizirani su otkazi tih elemenata sa ciljem da 

se pokaže koji su najčešći i najkritičniji otkazi. U analizi je korišćen multimetodološki 

pristup. Za utvrđivanje faktora rizika korišćena je metoda Failure Modes and Effects Analisis 

(FMEA), nakon čega je kreiran višekriterijumski model u fazi okruženju, koji je kao izlaz 

dao rang listu kritičnih otkaza u sistemu. Kroz diskusiju rezultata izvršeno je poređenje 

osnovnog modela sa još dva slična i analizirani su uporedni rezultati. Osnovni cilj ovog rada 

je da predstavi jedan od mogućih načina analize rizika sistema pružnih prelaza u cilju 

unapređenja bezbednosti saobraćaja na prelazu. 
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