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Abstract. The article discusses the methods of multi-criteria assessment of 
the efficiency of vehicle operation according to their properties. The main 
difficulties in solving the issue of technical operation of vehicles when 
introducing these methods into the assessment process are highlighted. 
Algorithms of decision-making related to the choice of a vehicle in 
conditions of uncertainty of the external environment are analyzed. Their 
advantages and disadvantages are substantiated. A methodology for 
calculating weight coefficients for the optimization and development of the 
transport system is proposed. 
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1 Introduction 
The car, being an object of increased danger, does not allow violations of the regulations for 
its operation, leading to a decrease in the level of environmental and constructive safety. 
However, units, assemblies and systems that increase the safety of the car complicate the 
design and increase the cost of maintaining it in good condition, while the cost of spare parts 
and components increases significantly. 

When managing the service life of cars, it is important to make a high-quality account of 
all factors that have a direct impact on this process. Evaluation of the efficiency of vehicle 
operation by means of various methods for a number of properties is the object of research, 
considered in a large number of works [1-5]. 

The tasks that arise as the number of cars that will have to be decommissioned due to non-
compliance with the requirements of reliability, environmental and constructive safety multiply 
exponentially and require the development and implementation of a systemic state policy. 

When solving this issue, two main tasks can be distinguished: 
 1. The complexity of the choice of the nomenclature of vehicle quality indicators. 

Depending on the type, operating conditions and purpose of the car, the number of assessed 
properties (estimated indicators) can be quite large. Naturally, with an increase in the number 
of quality indicators of a car, the labour intensity of their aggregate assessment increases (it 
is often possible to find an assessment of the quality of a car, including several dozen 
indicators), while the subjectivity of the decision is also increased. Therefore, it is 
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recommended to enter only the most significant indicators from the point of view of vehicle 
explants, due to the operating environment conditions, regulatory requirements, etc., in the 
composition of the estimated indicators, that is, the need to identify the priority of the 
assessment criteria is determined. 

2. Another problem of assessing the quality of a car is the procedure for correctly 
comparing alternative options for properties (it is almost impossible to perform this for a 
single indicator), therefore, a multi-criteria problem of assessing quality is formed. Here, the 
most vulnerable point from the point of view of the objectivity of the decision made is the 
determination of the weight of the criteria under consideration. 

The working hypothesis consists in the assumption that the control system for the 
vehicle's service life should control the quality of the car for the requirements of the operating 
environment and develop recommendations on the need to write it off. 

The search for an optimal approach requires the development of a new scientific apparatus 
for studying the regularities of the interaction of a complex of technical operation of vehicles 
(TOV) with subsystems of a higher level (external relations determined by the environment 
of vehicle operation) requires the adaptation of a number of existing methodological 
approaches to solving TOV problems necessary for the sequential implementation of the 
stages of the system's operation vehicle service life management (VSLMS). 

2 Materials and methods 
The car today is a product of public consumption or an item of demand for both individuals 
and industrial enterprises. On the other hand, basically, the car is operated on the 
infrastructure of public roads, that is, in the external environment of consumption of its 
quality, the operating conditions of which are regulated by state regulatory documents. 
Therefore, the range of requirements for a car or its quality criteria, as for a technical product, 
is constantly growing in quantitative and qualitative terms. Balancing a sufficiently large 
number of criteria (often contradictory) can only be a control system that combines the 
scientific principles of decision-making theory and modern information technology [6, 7].  

Developments in this area have been carried out abroad for over 20 years. In world 
practice, the concept has now been introduced – a product lifecycle management system 
Product Lifecycle Management (PLM). PLM is literally defined as «product lifecycle 
management technology» [8, 9]. This is an organizational and technical system that ensures 
the management of all information about a product and about the processes performed from 
the moment of determining the needs of society for a particular product and until the disposal 
of the product after use, that is, throughout the entire individual life cycle (ILC) [10, 11]. This 
approach requires using a multicriterial methods of vehicle life cycle predicting. 

Most often, to solve the above problems, multicriteria optimization methods are used, 
which can be conditionally divided into two large groups [12]. 

Methods, to one degree or another, based on expert judgment to obtain the values of 
weights or their priority in importance. The solution to this problem, as a rule, is based on 
determining the importance of selected particular indicators for each criterion, based on the 
intuitive presentation of the comparative importance of the criteria by experts. For this, a lot 
of different methods have been developed, which have their own advantages and 
disadvantages: ranking method; scoring method; MAI, etc. 

Methods for removing uncertainty when solving multicriteria motor transport problems 
should be based on forced expert judgment. If you analyse and compare existing methods, 
then you should highlight the method of analysis of hierarchies (MAI). Its application does 
not require a survey of experts, that is, it is not necessary to know the specific values of the 
weight coefficients, but it is necessary to answer the question of how many times one 

 
 
 
 
 
 
indicator is more important than the other in order to build a matrix of paired comparisons, 
and then check its consistency, which is quite time consuming, although here too there are 
approaches to simplify this procedure. The main disadvantage of the methods of this group 
is a significant degree of subjectivity of the decision made due to the fact that a person 
(expert) is not able to objectively assign correct numerical weights to the criteria. 

For example, in the problem of choosing a car type according to several criteria: 
- several types of cars - there are many possible solutions; 
- several criteria are the state of the operating environment. 
Let the efficiency of using any type of car be known for each of these indicators. Let us 

consider the case when the decision is made by the experts' ranking of the indicators of some 
criterion. 

Let us introduce the following notation: 
n is the number of indicators for which a decision is made; 
m is the number of compared cars Am; 
aij is numerical value for the i-th option for the j-th indicator, 

 
rj is the rank of the j-th indicator by individual indicators, . 
The most common algorithm for solving the problem of choosing a car by the ranking 

method is as follows: 
1. The elements of the efficiency matrix 𝛿𝛿𝑖𝑖𝑖𝑖 are determined: 
Since indicators can have different dimensions and values that are not comparable in 

absolute value, they must be presented in relative units, it is important to remember that some 
indicators can tend to a maximum (for example, carrying capacity, if different types of cars 
are compared), and some to a minimum (for example, the cost of rolling stock). Considering 
the foregoing, the elements of the matrix 𝛿𝛿𝑖𝑖𝑖𝑖 of the numerical values of indicators, presented 
in relative units, are calculated by the following formulas [13-15] and are formed in the form 
of an efficiency matrix: 

 (1) 

Matrix elements 𝛿𝛿𝑖𝑖𝑖𝑖 numerical values are presented in table. 

Table. Matrix elements 𝛿𝛿𝑖𝑖𝑖𝑖 numerical values. 

 C1 C2 C3 … Cn 
r1 r2 r3 … rn 

A1 𝛿𝛿11 𝛿𝛿12 𝛿𝛿13 … 𝛿𝛿1n 
A2 𝛿𝛿21 𝛿𝛿22 𝛿𝛿23 … 𝛿𝛿2n 
A3 𝛿𝛿31 𝛿𝛿33 𝛿𝛿33 … 𝛿𝛿3n 
… … … … … … 
Am 𝛿𝛿m1 𝛿𝛿m2 𝛿𝛿m3 … 𝛿𝛿mn 

 
2. Next, the quantities are being obtained: 

. (2) 
3. The optimal type of the compared car is determined according to several criteria of 

option f from the ratio: 
. (3) 

The advantage of the described method is its simplicity. But this method also has the 
disadvantages listed above that are inherent in any method when using expert judgment. The 
main one of these drawbacks is the need to determine the numerical values of the ranks of 𝑟𝑟о. 
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For example, if the ranks 𝑟𝑟𝑆𝑆 = 2 and 𝑟𝑟𝑡𝑡 = 6 are accepted for the sth and tth criteria, then in fact 
this means that a strictly formalized relationship has been established between these criteria 
(the sth indicator is recognized as more important than the tth criterion exactly 3 times). 
Obviously, such a conclusion is subjective and, more often than not, cannot be substantiated. 

Methods based on special procedures for obtaining weights or formal methods for 
obtaining weights. Let's list some of them: the method of concessions, the method of ideal 
point, the method of folding criteria, Fishburne estimates, Laplace's criterion, etc. Of the 
listed methods, the simplest and not requiring complex additional research is the method for 
calculating the weight coefficients using the Fishburne formulas. The main disadvantage 
inherent in these methods to one degree or another is that a strictly formalized relationship is 
established between the particular indicators (the sth indicator is recognized as more important 
than the tth p times). It is obvious that such a conclusion is subjective and most often cannot 
be substantiated [16-18]. Thus, it is possible to formulate the basic requirements for the 
method of analytical determination of weight coefficients in multicriteria problems of 
choosing a car for given operating conditions: 

1) the method should consider the presence of the priority of the considered criteria; 
2) the resulting solution should be as effective as possible, considering performance 

indicators according to the specified criteria; 
3) the apparatus for obtaining the weight of a criterion must be formalized, that is, 

objective in terms of obtaining the weight of a separate criterion for each individual decision. 
The materials used in the manufacturing process have a direct impact on the indicators 

that determine the service life of cars. The increasing complexity of the vehicle design 
contributes to an increase in costs, both for spare parts and for maintenance and repair 
complexes, as well as for operating materials. However, these changes are also made possible 
to consider when building a multi-criteria model based on the data given, for example, in  
[19-22] on the specifics of innovative building and machine-building materials. 

3 Results and discussion 
The developed method of regionalization according to the principle of observance of the 
hierarchical ratio of the probabilities of possible states of the external environment makes it 
possible to find a solution to the problem posed. The solution algorithm when applying the 
developed zoning method according to the principle of observance of the hierarchical ratio 
of probabilities of possible states of the external environment is as follows [23-25]: 

1. By formulas (1), the elements of the matrix 𝛿𝛿𝑖𝑖𝑖𝑖 are determined; 
2. The value 𝛿𝛿𝑖𝑖𝑖𝑖 is normalized by columns: 

. (4) 
3. The relative importance of the C𝑖𝑖 indicators are ordered in the form of a sequence 

depending on the priorities of the vehicle operating environment: 
. (5) 

4. For each variant i being compared, the linear programming problem is solved: 

 (6) 

 (7) 

where the index 𝑘𝑘 is determined from the condition 𝑏𝑏𝑘𝑘𝑖𝑖 =  𝑏𝑏𝑖𝑖𝑖𝑖; 
5. Next, the following are calculated: 

. (8) 

 
 
 
 
 
 

6. Further, according to the formula (3), the optimal type of car is determined. 
The advantage of the described method is the absence of a formalized connection between 

the estimated indicators when choosing a car, which increases the objectivity of the decision, 
that is, the zoning method based on the principle of observing the hierarchical ratio of 
probabilities of possible states of the external environment of vehicle operation is an 
objective means of making a subjective decision. 

4 Conclusion 
In the course of the study, a method was developed for calculating weight coefficients for a 
multi-criteria assessment of the efficiency of a car. The advantage of the technique is the 
absence of a formalized relationship between quality indicators in a multi-criteria assessment 
of a car, which increases the objectivity of the decision, that is, the zoning method based on 
the principle of observing the hierarchical ratio of the probabilities of possible states of the 
external environment in VSLMS is an objective means of making a subjective decision.  

This approach allows to consider factors in conditions of uncertainty in the environment 
in order to form an optimal approach to the system management of vehicle operation. 

References 
1. A. Terentyev, M. Karelina, T. Cherepnina, D. Linnik. Digital object-oriented control 

models in automobile-road complex systems, IOP Conference Series: Materials Science 
and Engineering 832 (1), (2020). DOI: 10.1088/1757-899X/832/1/012058. 

2. I. Ivanov, A. Terentyev, S. Evtukov. Digital platform and ecosystem for providing 
regional transport mobility, Transportation Research Procedia 50, (2020). DOI: 
10.1016/j.trpro.2020.10.026. 

3. A. Terentyev, M. Karelina, A. Pavlovskaya, I. Arifullin, E. Karelina. Methodological 
approach to digitalization of management processes in automobile and road complex, 
IOP Conference Series: Materials Science and Engineering 832 (1), (2020). DOI: 
10.1088/1757-899X/832/1/012069. 

4. A. Terentyev, M. Karelina, S. Benevolenskiy, I. Arifullin, E. Karelina. Application of 
methods for obtaining pareto set for increasing effectiveness of managing decisions under 
conditions of multi-criteriality, Smart Innovation, Systems and Technologies 172, (2019). 
DOI: 10.1007/978-981-15-2244-4_84. 

5. E. Kurakina, S. Evtiukov, J. Rajczyk. Forecasting of road accident in the DVRE system, 
Transportation Research Procedia 36, (2018). DOI: 10.1016/j.trpro.2018.12.111. 

6. A. Pushkarev, N. Podoprigora, V. Dobromirov. Methods of providing failure-free 
operation in transport infrastructure objects, Transportation Research Procedia 36, 
(2018). DOI: 10.1016/j.trpro.2018.12.140. 

7. D. Skorokhodov, Y. Seliverstov, S. Seliverstov, I. Burov, E. Vydrina, N. Podoprigora,  
N. Shatalova, A. Cheremisina. Using Augmented Reality Technology to Improve the 
Quality of Transport Services, Communications in Computer and Information Science, 
1140 CCIS (2020). 

8. V. Moiseev, A. Terentyev, V. Rogov, E. Karelina. Methods for removing uncertainty in 
multi-criteria problems of effectiveness evaluation of decision-making, Journal of 
Physics: Conference Series 1353 (1), (2019). DOI: 10.1088/1742-6596/1353/1/012100. 

9. K. Taysayev, A. Terentyev, S. Evtukov, I. Arifullin. Efficiency ratio assessment model 
for buses, Transportation Research Procedia 50, (2020). DOI: 10.1016/j.trpro.2020.10.079. 

4

E3S Web of Conferences 274, 11001 (2021) https://doi.org/10.1051/e3sconf/202127411001
STCCE – 2021



 
 
 
 
 
 
For example, if the ranks 𝑟𝑟𝑆𝑆 = 2 and 𝑟𝑟𝑡𝑡 = 6 are accepted for the sth and tth criteria, then in fact 
this means that a strictly formalized relationship has been established between these criteria 
(the sth indicator is recognized as more important than the tth criterion exactly 3 times). 
Obviously, such a conclusion is subjective and, more often than not, cannot be substantiated. 

Methods based on special procedures for obtaining weights or formal methods for 
obtaining weights. Let's list some of them: the method of concessions, the method of ideal 
point, the method of folding criteria, Fishburne estimates, Laplace's criterion, etc. Of the 
listed methods, the simplest and not requiring complex additional research is the method for 
calculating the weight coefficients using the Fishburne formulas. The main disadvantage 
inherent in these methods to one degree or another is that a strictly formalized relationship is 
established between the particular indicators (the sth indicator is recognized as more important 
than the tth p times). It is obvious that such a conclusion is subjective and most often cannot 
be substantiated [16-18]. Thus, it is possible to formulate the basic requirements for the 
method of analytical determination of weight coefficients in multicriteria problems of 
choosing a car for given operating conditions: 

1) the method should consider the presence of the priority of the considered criteria; 
2) the resulting solution should be as effective as possible, considering performance 

indicators according to the specified criteria; 
3) the apparatus for obtaining the weight of a criterion must be formalized, that is, 

objective in terms of obtaining the weight of a separate criterion for each individual decision. 
The materials used in the manufacturing process have a direct impact on the indicators 

that determine the service life of cars. The increasing complexity of the vehicle design 
contributes to an increase in costs, both for spare parts and for maintenance and repair 
complexes, as well as for operating materials. However, these changes are also made possible 
to consider when building a multi-criteria model based on the data given, for example, in  
[19-22] on the specifics of innovative building and machine-building materials. 

3 Results and discussion 
The developed method of regionalization according to the principle of observance of the 
hierarchical ratio of the probabilities of possible states of the external environment makes it 
possible to find a solution to the problem posed. The solution algorithm when applying the 
developed zoning method according to the principle of observance of the hierarchical ratio 
of probabilities of possible states of the external environment is as follows [23-25]: 

1. By formulas (1), the elements of the matrix 𝛿𝛿𝑖𝑖𝑖𝑖 are determined; 
2. The value 𝛿𝛿𝑖𝑖𝑖𝑖 is normalized by columns: 

. (4) 
3. The relative importance of the C𝑖𝑖 indicators are ordered in the form of a sequence 

depending on the priorities of the vehicle operating environment: 
. (5) 

4. For each variant i being compared, the linear programming problem is solved: 

 (6) 

 (7) 

where the index 𝑘𝑘 is determined from the condition 𝑏𝑏𝑘𝑘𝑖𝑖 =  𝑏𝑏𝑖𝑖𝑖𝑖; 
5. Next, the following are calculated: 

. (8) 

 
 
 
 
 
 

6. Further, according to the formula (3), the optimal type of car is determined. 
The advantage of the described method is the absence of a formalized connection between 

the estimated indicators when choosing a car, which increases the objectivity of the decision, 
that is, the zoning method based on the principle of observing the hierarchical ratio of 
probabilities of possible states of the external environment of vehicle operation is an 
objective means of making a subjective decision. 

4 Conclusion 
In the course of the study, a method was developed for calculating weight coefficients for a 
multi-criteria assessment of the efficiency of a car. The advantage of the technique is the 
absence of a formalized relationship between quality indicators in a multi-criteria assessment 
of a car, which increases the objectivity of the decision, that is, the zoning method based on 
the principle of observing the hierarchical ratio of the probabilities of possible states of the 
external environment in VSLMS is an objective means of making a subjective decision.  

This approach allows to consider factors in conditions of uncertainty in the environment 
in order to form an optimal approach to the system management of vehicle operation. 

References 
1. A. Terentyev, M. Karelina, T. Cherepnina, D. Linnik. Digital object-oriented control 

models in automobile-road complex systems, IOP Conference Series: Materials Science 
and Engineering 832 (1), (2020). DOI: 10.1088/1757-899X/832/1/012058. 

2. I. Ivanov, A. Terentyev, S. Evtukov. Digital platform and ecosystem for providing 
regional transport mobility, Transportation Research Procedia 50, (2020). DOI: 
10.1016/j.trpro.2020.10.026. 

3. A. Terentyev, M. Karelina, A. Pavlovskaya, I. Arifullin, E. Karelina. Methodological 
approach to digitalization of management processes in automobile and road complex, 
IOP Conference Series: Materials Science and Engineering 832 (1), (2020). DOI: 
10.1088/1757-899X/832/1/012069. 

4. A. Terentyev, M. Karelina, S. Benevolenskiy, I. Arifullin, E. Karelina. Application of 
methods for obtaining pareto set for increasing effectiveness of managing decisions under 
conditions of multi-criteriality, Smart Innovation, Systems and Technologies 172, (2019). 
DOI: 10.1007/978-981-15-2244-4_84. 

5. E. Kurakina, S. Evtiukov, J. Rajczyk. Forecasting of road accident in the DVRE system, 
Transportation Research Procedia 36, (2018). DOI: 10.1016/j.trpro.2018.12.111. 

6. A. Pushkarev, N. Podoprigora, V. Dobromirov. Methods of providing failure-free 
operation in transport infrastructure objects, Transportation Research Procedia 36, 
(2018). DOI: 10.1016/j.trpro.2018.12.140. 

7. D. Skorokhodov, Y. Seliverstov, S. Seliverstov, I. Burov, E. Vydrina, N. Podoprigora,  
N. Shatalova, A. Cheremisina. Using Augmented Reality Technology to Improve the 
Quality of Transport Services, Communications in Computer and Information Science, 
1140 CCIS (2020). 

8. V. Moiseev, A. Terentyev, V. Rogov, E. Karelina. Methods for removing uncertainty in 
multi-criteria problems of effectiveness evaluation of decision-making, Journal of 
Physics: Conference Series 1353 (1), (2019). DOI: 10.1088/1742-6596/1353/1/012100. 

9. K. Taysayev, A. Terentyev, S. Evtukov, I. Arifullin. Efficiency ratio assessment model 
for buses, Transportation Research Procedia 50, (2020). DOI: 10.1016/j.trpro.2020.10.079. 

5

E3S Web of Conferences 274, 11001 (2021) https://doi.org/10.1051/e3sconf/202127411001
STCCE – 2021



 
 
 
 
 
 
10. S. Evtiukov, M. Karelina, A. Terentyev. A method for multi-criteria evaluation of the 

complex safety characteristic of a road vehicle, Transportation Research Procedia 36, 
(2018). DOI: 10.1016/j.trpro.2018.12.057. 

11. S. Porru, F. Misso, F. Pani, C. Repetto. Smart mobility and public transport: 
Opportunities and challenges in rural and urban areas, Journal of Traffic and 
Transportation Engineering (English Edition) 7 (1), (2020). DOI: 10.1016/j.jtte.2019.10.002. 

12. R. Safiullin, M. Kerimov, A. Afanasyev, A. Marusin. A model for justification of the 
number of traffic enforcement facilities in the region. Transportation Research Procedia 
36, (2018). DOI: 10.1016/j.trpro.2018.12.135. 

13. S. Repin, S. Evtiukov, S. Maksimov. A method for quantitative assessment of vehicle 
reliability impact on road safety, Transportation Research Procedia 36, (2018). DOI: 
10.1016/j.trpro.2018.12.128. 

14. A. Afanas'ev, A. Egoshin, S. Alekseev. Justification of lMYogistical approach 
application in road safety management, IOP Conference Series: Earth and Environmental 
Science 194 (7), (2018). DOI: 10.1088/1755-1315/194/7/072001. 

15. A. Marusin, I. Danilov. A method for assessing the influence of automated traffic 
enforcement system parameters on traffic safety, Transportation Research Procedia 36, 
(2018). DOI: 10.1016/j.trpro.2018.12.136. 

16. M. Karelina, A. Terentyev, V. Moiseev, V. Stroev. Method of Multi-Criteria Estimation 
of Agro-Industrial Complex Vehicles, Proceedings of the International Conference 
«Topical Problems of Philology and Didactics: Interdisciplinary Approach in Humanities 
and Social Sciences», (2019). DOI: 10.2991/tphd-18.2019.56. 

17. R. Safiullin, A. Marusin, R. Safiullin, T. Ablyazov. Methodical approaches for creation 
of intelligent management information systems by means of energy resources of technical 
facilities, E3S Web of Conferences 140, (2019). DOI: 10.1051/e3sconf/201914010008. 

18. G. Ginzburg, S. Evtiukov, I. Brylev, S. Volkov. Reconstruction of Road Accidents Based 
on Braking Parameters of Category L3 Vehicles, Transportation Research Procedia 20, 
(2017). DOI: 10.1016/j.trpro.2017.01.054. 

19. M. Amran, R. Fediuk, G. Murali, N. Vatin, M. Karelina, T. Ozbakkaloglu, R.S. Krishna, 
A.K. Sahoo, S.K. Das, J. Mishra. Rice husk ash-based concrete composites: a critical 
review of their properties and applications, Crystals 11(2), 168 (2021). DOI: 
10.3390/cryst11020168.  

20. S.R. Abid, M. Gunasekaran, S.H. Ali, A.L. Kadhum, T.S. Al-Gasham, R. Fediuk, N. Vatin, 
M. Karelina. Impact performance of steel fiber-reinforced self-compacting concrete against 
repeated drop weight impact, Crystals 11 (2), 91 (2021). DOI: 10.3390/cryst11020091.  

21. E. Batiston, P. Ricardo de Matos, P.J.P. Gleize, R. Fediuk, S. Klyuev, N. Vatin, M. Karelina. 
Combined functionalization of carbon nanotubes (CNT) fibers with H2SO4/HNO3 and 
CA(OH)2 for addition in cementitious matrix, Fibers 9 (3), 14 (2021). DOI: 10.3390/fib9030014.  

22. N. Prasad, G. Murali, R. Fediuk, N. Vatin, M. Karelina. Response of novel functionally-
graded prepacked aggregate fibrous concrete against low velocity repeated projectile 
impacts, Materials 14 (2), 280 (2021). DOI: 10.3390/ma14020280.  

23. B. Agarski, I. Budak, B. Kosec, J. Hodolic. An Approach to Multi-criteria Environmental 
Evaluation with Multiple Weight Assignment, Environmental Modeling & Assessment 17 
(3), (2011). DOI: 10.1007/s10666-011-9294-y. 

24. V. Guzman, A. Masegosa, D. Pelta, J. Verdegay. Fuzzy models and resolution methods 
for covering location problems: an annotated bibliography, Int J Unc Fuzz Knowl Based 
Syst 24 (4), (2016). DOI: 10.1142/S0218488516500276. 

25. A. Moradi, A. Etebarian, A. Shirvani, Soltani. Development of a fuzzy model for Iranian 
marine casualty’s management, J Fuzzy Set Valued Anal (2014). DOI: 
10.5899/2014/JFSVA-00186. 

6

E3S Web of Conferences 274, 11001 (2021) https://doi.org/10.1051/e3sconf/202127411001
STCCE – 2021


