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Abstract: 

The purpose of the article is developing the locomotive structure of intellectual system of support of decision-making and 

to find a criterion by which to adequately assess different control action to the train. System of decision support for loco-

motive crew is seen as a complex structure with complex interactions located at a great distance, on-board locomotive 
systems. The quality of the organization determines the effectiveness of the system as a whole. To solve the problem of 

creating the optimal structure of the DSS applies the aggregate-decomposition method that involves two steps: decompo-

sition of the problem into a number of subproblems and aggregating the partial results. To evaluate the quality control of 
a locomotive used the concept of control strategy with specific indicators. Design is developed and structure of locomotive 

DSS is obtained, taking into account peculiarities of operation of railway transport. To account for not only quantitative 

but also qualitative characteristics of activity of the locomotive or intellectual systems of decision support, it is proposed 
to use methods of fuzzy logic. So were able to deduce and calculate the additive criterion of the quality control activities of 

the intelligent system. Formal indicator of the quality of the train control process using different strategies is received. In 

the work theoretically grounded definition of the weighting factors for each partial criterion of the quality of train control. 
Using the dependencies derived, the nature of the influence of the value of partial criteria on the quality of train control in 

relation to a strategy. The results of the work allow to more accurately simulate the operations of a locomotive crew, which 

in the future will serve as the basis for the development of autonomous intelligent systems of locomotive control. The 
developed method is shown to be three main criteria which values the safety, energy consumption, and execution time 

schedule. However, for more flexible and accurate model, this approach allows to enter additional criteria, and the sim-

plicity of the calculation provides the necessary speed when implemented on on-board locomotive computers. 
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1. Introduction 

The development of modern information technolo-

gies, methodology for modelling complex systems 

and solving problems for controlling transport pro-

cesses makes it possible to create a DSS for locomo-

tive crews to ensure traffic safety when driving a 

train and increase the efficiency of using locomo-

tives. The development of this system is an urgent, 

rather difficult task associated with the development 

of informed decisions in conditions of limited time, 

incomplete certainty of a number of factors, includ-

ing the preferences of the decision maker. A suc-

cessful solution to this problem can be ensured only 

with an effective combination of experience, 

knowledge, intuition and a person's ability to make 

informed decisions with modern mathematical 

methods for solving problems and simulation of the 

processes under consideration. 

One of the main directions of improving the control 

activity of the driver, as a human operator, is the de-

velopment of intelligent locomotive decision sup-

port systems. In this case, the system creates a num-

ber of scenarios for the further activities of the driver, 

predicts the results of the implementation of each of 

these scenarios and issues the sequence of control 

actions on the train, which is the most desirable (use-

ful) in a particular train environment. The problem 

of improving the quality of control is currently being 

solved by increasing the level of training of locomo-

tive crews, developing protective systems, creating 

the necessary incentives as well as working condi-

tions for a person. However, the direct process of 

train control, namely the phase of making a control 

decision and its assessment, is currently not suffi-

ciently covered. 

 

2. Analysis of recent research and publications 

There are several approaches to assessing the effi-

ciency of locomotive control. The most common as-

sessment of energy (fuel) consumption for traction 

is in (Asabin et al., 2020), (Soofastaei, 2019), (Bak-

lanov, 2005). The paper (Andronchev et al., 2020) 

examines existing approaches to assessing locomo-

tives based on energy efficiency and proposes a new 

integrated energy efficiency index of vehicles, a 

method for calculating this index, a method for rep-

resenting train traffic in limited a set of modes of 

movement of one train. However, the relationship 

between operational efficiency, traffic safety and the 

human factor remained unclear. It is also possible to 

evaluate the operation of the locomotive in terms of 

maintenance costs in accordance with the assess-

ment of its efficiency (Kulbovskyi, 2019), and oper-

ating costs (Szkoda et al., 2020), (Egamberdiev et al., 

2016). In works (Kukulski, et al., 2019) and (Kuric, 

2020), an assessment of the information component 

of running a train was made. Target of article 

(Szkoda, 2016) is a cause and effect assessment of 

the occurrence of undesirable events, the determina-

tion of selected reliability indices and identification 

of the weakest components of rail vehicle that affect 

the downtime and technical availability most 

strongly. Also, more and more scientists are devel-

oping the direction of diagnostics using fuzzy logic 

(Manafov 2020). However, even in these works, 

traffic safety is not included in the research models. 

In (Sapronova, 2017), a set of scientific and tech-

nical solutions is proposed to improve the safety of 

the rolling stock of railways. But at the same time, 

the main attention here is directed to the develop-

ment of appropriate solutions for non-traction roll-

ing stock, and there is no indication of how to con-

trol safety and operational efficiency. At present, the 

formalization of a parameter that estimates the state 

of traffic safety has been completed, which can be 

included in the forecast of the consequences of one 

or another control decision when driving a train 

(Nowakowski et al., 2019), (Gorobchenko et al, 

2018). At the same time, it became possible to create 

an additive criterion for the efficiency of train con-

trol, which would include the parameters of energy 

consumption, fulfillment of the schedule and traffic 

safety (Tartakovskyi et al., 2016): 
 

𝑄 = ∑ 𝛾𝑖𝐼𝑖

3

𝑖=1

 (1) 

 

where І1 is the partial criterion for traffic safety, І2 is 

the partial criterion of energy consumption for trac-

tion of trains, І3 is the partial criterion for compli-

ance with the train schedule, and 𝛾𝑖 is the weighting 

coefficient of the i-th particular criterion. 

Decision making when driving a locomotive de-

pends on many circumstances (Tartakovskyi et al., 

2016), (Li et al., 2019). It is proposed to determine 

the main train control strategies that can be applied 

in various train situations. 

Based on the main tasks performed by the locomo-

tive economy, it is possible to single out the main 

control strategies shown in Table 1. 
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The analysis of publications allows to say that the 

development of locomotive decision support sys-

tems is a promising direction for improving the qual-

ity and safety of transportation. However, universal 

approaches to their design, creation of a general 

structure and assessment of the quality of function-

ing, taking into account the peculiarities of railway 

transport, have not yet been developed. 
 

3. Formulation of the aim of the article 

Thus, the problem arises to develop the structure of 

an intelligent locomotive decision support system 

and find a criterion with which one can adequately 

assess one or another control effect on the train. For 

this, it is necessary to substantiate the values of the 

weight coefficients for various train control strate-

gies based on the model of predicted values of char-

acteristic indicators. 
 

4. Description of research methods 

Complex solution of control problems of multilevel 

systems in conditions of hierarchical subordination 

of levels should correspond to special criteria of op-

timality. When developing locomotive DSS with 

many criteria, it is advisable to carry out a hierar-

chical reconstruction of the future system with a 

proper assessment of the future behaviour of the 

DSS and recommendations for train control. 

It is known that the main problems solved in the cre-

ation of such systems are the comparison of the de-

scriptions of the states of the decision-making object 

(control object) with the truth conditions of the prod-

ucts, as well as determining the sequence of viewing 

and analysing the products when making decisions 

(Russell and Norvig, 2002). Depending on how 

these problems are solved, situational systems, they 

advise, are divided into two classes with fuzzy logic: 

"situation - action" (S-A) and "situation - control 

strategy - action" (S-MS-A). The problem of com-

parison of descriptions is solved in the same way in 

systems of both classes: there is a set of reference 

descriptions of the states of the control object in the 

form of fuzzy situations – fuzzy sets of the second 

level on a set of features. 

A distributed DSS for locomotive crews is a com-

plex system with a complex interaction of onboard 

locomotive systems located at a great distance and 

the quality of its organization determines the effi-

ciency of the system as a whole. 

If P is a set of possible principles of n ϵ P for con-

structing a system and its elements; F is a set of in-

terrelated functions performed by the system; A is a 

set of interconnected on-board locomotive systems, 

then, according to (Tsvirkun, 1982), the task of syn-

thesizing a rational structure of a distributed DSS is 

to determine a set of principles of construction (n ϵ 

P), a set of functions performed by the system (f ϵ 

F(n)), a set of elements capable implement the se-

lected principles and perform the functions (A̅ ϵ A), 

as well as the optimal mapping of the elements of 

the set f to the elements of the set A̅. When choosing 

a variant of the structure of a complex system, two 

types of mapping f → A̅ are possible: the first, when 

each task is performed by only one of several possi-

ble system nodes, and the second, when the task is 

performed by several system nodes. The operating 

conditions of locomotive systems require their im-

plementation according to the second option. 

 

 

Table 1. Train control strategies 

No. Strategy name Strategy characteristics 

1 Traffic schedule fulfillment 
Striving to minimize the time gap between the established and the cur-
rent schedule 

2 Maximum driving safety 

The desire to minimize the risk of a traffic accident: reduced speed, in-
creased control over the state of the track and signals, the use of brakes 

with a margin of braking intensity and time to restore the charging of 

the brake line. 

3 
Minimum power consumption for 

traction 

Reducing the time of operation in transient modes, maximizing the use 
of the kinetic energy of the train, operating the equipment in the modes 

of maximum efficiency. 

4 
Maximum level of rolling stock 

reliability 

Prevention of locomotive equipment overloading, avoidance of modes 

of abnormal operation of equipment (skidding, overheating, increased 

vibration, etc.), increased control over the technical condition of the lo-
comotive. 
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In practice, to solve the problem of creating an opti-

mal DSS structure, the aggregate-decomposition 

method (Tarasov et al., 2007) is widely used, which 

includes two stages: decomposition of the problem 

into a number of particular problems and aggrega-

tion of partial results. Thus, the design of the optimal 

DSS structure will mean the process of gradual so-

lution of the problems of synthesis of the main ele-

ments and parts of the system (Fig. 1). 

The tasks shown in Fig. 1 are solved iteratively due 

to their interrelation, incompleteness of the initial 

data and the need to correct the obtained solutions. 

 

 
Fig. 1. Synthesis scheme of the structure of an intelligent locomotive DSS 
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Locomotive DSS perceives the external environ-

ment with the help of sensors х1, x2, ... хm and influ-

ences it with the help of executive organs 

z1, z2, ... zm, similarly to how a person perceives the 

external environment with the help of organs feel-

ings and affects it with the help of such parts of the 

body as arms, legs, etc. 

The normal influence of the system on the environ-

ment is a reaction, and the system's perception of the 

environment is perception. If each executive body zj 

is compared with the output variable of the same 

name zj, which takes a set of values уј, and each such 

value is called a microreaction, then the reaction will 

be a set of values y1, y2, ... yn. Similarly, if each sen-

sor xi is compared with the variable xi of the same 

name, which takes a set of values αi (micropercep-

tion), then the perception will be a set of values 

α1, α2, ... αm. The behavior of the intellectual system 

consists in the processing of perceptions in reaction. 

This processing is carried out using a special solver 

that functions on the basis of the knowledge embed-

ded in it. 

As a result of the analysis of existing types of intel-

ligent systems, hierarchies and algorithms of their 

work (Pedrycz, 2018), taking into account the oper-

ating conditions of locomotive crews and railway 

transport in general, the parameters of intelligent 

DSS are developed (summarized in Table 2). 

 

5. Presentation of the main material and ob-

taining scientific results 

The paper proposes the structure of the onboard lo-

comotive DSS, shown in Fig. 2. The human-ma-

chine interface is designed to ensure user interaction 

with the system. There are input systems and infor-

mation display systems. 

A fuzzy classifier is necessary for monitoring, rec-

ognizing and transferring images to the system of 

situations in which the train is in motion. Infor-

mation to it comes from the interface part of the DSS, 

the purpose of which is to convert physical signals 

of various monitored quantities into a form accepta-

ble for perception by the system. 

The inference subsystem, using formalized 

knowledge, develops recommendations for locomo-

tive control. Here, a certain strategy for choosing 

rules is implemented, associated with the method of 

representing knowledge in the DSS and taking into 

account the peculiarities of railway transport. When 

the inference subsystem is unable to solve problems 

due to lack of knowledge, the description of the 

problem is passed to the decomposition and aggre-

gation subsystem. This subsystem defines other DSS, 

the knowledge of which is necessary to solve this 

problem. After the partial solutions are made, it ag-

gregates them into a solution to the original problem. 

The training subsystem provides a primary set of 

rules and algorithms for the DSS operation and fur-

ther adjusts this set depending on the operating con-

ditions and based on the experience of using other 

locomotives. Information from it goes to the railway 

server in the metabase through the knowledge base 

control subsystem. This provides access to updated 

rules for all airborne DSSs. 

The knowledge base control subsystem is the main 

information-transforming element of the system, 

which provides access to other knowledge and data 

subsystems. 

 

Table 2. DSS characteristics for locomotive crews 

The feature, by which  

DSS is categorized 
Parameter name Parameter description 

Type of structuring of 

the problems solved 

Poorly structured Output parameters include both quantitative and qualitative el-

ements 

Character of distribution Spatially and function-

ally distributed 

Consists of separate linked local locomotive DSS, which can 

solve a general problem together only 

Character of assessing 
decision results 

Decisions which are 
objectively assessed 

Assessment of result is based on clearly assigned criteria that 
determine goal achievement: fuel consumption, distance run 

between overhauls, traffic safety, etc. 

Character of situation in 

which DSS makes deci-
sion 

Situation if emergency Decision making about driving a train is characterized by lack 

of time and rapidly changing situation. 

Type of computer analy-
sis of situation 

Dynamic There is a set of scenarios of train driving, of which the most 
effective in the given moment is chosen 
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Fig. 2. On-board locomotive DSS structure

 

The neural network for assessing the complexity of 

emergency situations provides constant monitoring 

of traffic conditions for safety. It assesses the sever-

ity of the emergency and, when it becomes threaten-

ing, ensures that decisions are made to reduce the 

hazard. 

To assess the quality of control decisions when con-

trolling a train, let’s introduce additional sets that in-

clude characteristic indicators for each modelled 

control strategy. 

So for the strategy sl, there are a number of indica-

tors by which the quality of the implementation of 

this strategy is assessed. For example, for the “Max-

imum traffic safety” train control strategy, the key 

indicator will be the number of incidents per million 

kilometres travelled. Also, using the theory of risks, 

it is possible to determine the mathematical expecta-

tion of damage from incidents, accidents or disasters. 

Let’s represent the control strategy as a set contain-

ing its characteristic indicators: 

 

𝑠𝑙 ∈ (𝜋1 , 𝜋2, . . . , 𝜋𝑗) (2) 

 

where πj is the j-th indicator for assessing the imple-

mentation of strategy sl. 

There are functions  𝜋𝑗 = 𝑓(𝐼𝑖)  that determine the 

impact of each criterion on the performance of a 

given control strategy. The influence of the value of 

one or another criterion of control efficiency on the 

indicator πj, characterizing a separate strategy, is 

proposed to be evaluated by comparing the deriva-

tives 
𝑑𝜋𝑗

𝑑𝐼𝑖
. And the general influence of the criterion 

Ii on the strategy ѕl is proposed to be represented as 

the arithmetic mean of the derivatives: 
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𝐴𝐼𝑖 𝑠𝑙⁄ =

∑
𝑑𝜋𝑗

𝑑𝐼𝑖

𝑘𝑠𝑙

𝑗=1

𝑘𝑠𝑙

 
(3) 

 

where 𝐴𝐼𝑖 𝑠𝑙⁄  is the magnitude of the influence of cri-

terion Іі on the control strategy sl, and 𝑘𝑠𝑙
 is the num-

ber of indicators of the strategy sl. 

Thus, the absolute indicators of the influence of each 

criterion of control efficiency on the implementation 

of individual control strategies have been obtained. 

To obtain the values of the weighting coefficients 

when calculating the control efficiency for different 

strategies, it is necessary to use the known transition 

from absolute to relative indicators: 

 

𝛾𝑖(𝑠𝑙) =
𝐴𝐼𝑖/𝑠𝑙

∑ 𝐴𝐼𝑖/𝑠𝑙

𝑛
𝑖=1

 (4) 

 

where 𝛾𝑖(𝑠𝑙) is the weighting coefficient of the і-th 

criterion for the l-th strategy, 𝐴𝐼𝑖 𝑠𝑙⁄  is the magnitude 

of the influence of criterion Іі on the sl control strat-

egy, and ∑ 𝐴𝐼𝑖/𝑠𝑙

𝑛
𝑖=1  is the total absolute value of the 

influence of all n criteria of control efficiency on the 

implementation of the l-th strategy. 

This is how a formalized indicator of the quality of 

the train movement control process was obtained us-

ing various strategies. 

The implementation of such an approach to deter-

mining the weighting coefficients requires the pres-

ence of approximated functions 𝜋𝑗 = 𝑓(𝐼𝑖). As an 

example, here's how to get a specific function. 

Let’s consider the control strategy "Minimum power 

consumption for traction", which has the following 

main implementation indicators: 

− π1 – absolute fuel (electricity) consumption for 

the trip; 

− π2 – ratio of the operating time in transient 

modes to the operating time in steady-state 

modes; 

− π3 – the current value of the locomotive effi-

ciency; 

− π4 – ratio of freewheel time to load time. 

Finding clear dependencies 𝜋𝑗 = 𝑓(𝐼𝑖) in practice is 

a difficult task, and sometimes not possible. There-

fore, it is proposed to determine this function using 

the method of expert assessments (Shtovba, 2001), 

(Marcus, 2013), that is, on the basis of linguistic var-

iables, which will be characterized by its experts in 

the control of rolling stock. 

A linguistic variable is specified by the five <x, T, 

U, G, M>, where x – name of the variable; T – term-

set, each element of which (term) is represented as a 

fuzzy set on the universal set U; G – syntactic rules, 

often in the form of grammar, generating the name 

of terms; M – semantic rules defining membership 

functions of fuzzy terms generated by syntactic 

rules  G. 

Let’s consider a linguistic variable π1 called “abso-

lute fuel consumption per trip”. Then the remaining 

four <T, U, G, M> can be defined as follows: 

− universal set U = [10; 600] kg; 

− term-set T {"few", "average", "many"} with the 

following membership functions with: 
 

        μ«few о»(u) =  
1

1 + (
𝑢 − 10

100
)

2 
(5) 

 

        μ«average»(u) =
1

1 + (
𝑢 − 300

100
)

2 
(6) 

 

        μ«many»(u) =  
1

1 + (
𝑢 − 590

100
)

2 
(7) 

 

− syntactic rules G generating new terms using 

the quantifiers "not", "very" and "about"; 

− semantic rules M, in the form of table 3 

Table 3. Semantic rules for the linguistic variable 

"absolute fuel consumption per trip" 
No. Quantifier Membership function (uϵU) 

1 not t 1 − 𝜇𝑡(𝑢) 

2 very t (𝜇𝑡(𝑢))2 

3 about t √𝜇𝑡(𝑢) 

 

As a result, let’s obtain graphs of the membership 

functions of the terms "few", "average", "many" 

with different quantifiers (example in Fig. 3) 

The next step is to obtain expert information. For 

this, tables have been developed, the form of which 

is given in table 4. In the cells of the table, the expert 

enters assessment of the influence of the criterion of 

control efficiency Ii on a separate parameter of the 

control strategy π. 
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Fig. 3. Linguistic variable "fuel consumption per trip" with the "very" quantifier  
 

Table 4. Tabular assignment of functions  in the form of linguistic variables for the "Minimum power con-

sumption for traction" control strategy. 
Value name Value 

I1 0 0,2 0,4 0,6 0,8 1,0 

π1 Very few Average Not a little Not a little Lots of Average 

π2 Very few Average Not a little Not a little Few Average 

π3 Average Not much Average Few Few Very few 

π4 Average Average Not a little Lots of Average Average 

After receiving information from several experts, it 

is necessary to carry out the defuzzification proce-

dure (Butko et al., 2015). In our case, defuzzification 

is proposed by the centre of gravity method. The 

centre of gravity (CoG) or centroid of the area is cal-

culated by the formula (Arun and Mohan, 2017): 
 

𝑦 =
∫ 𝑥 ∙ 𝜇(𝑥)𝑑𝑥

𝑚𝑎𝑥

𝑚𝑖𝑛

∫ 𝜇(𝑥)𝑑𝑥
𝑚𝑎𝑥

𝑚𝑖𝑛

 (8) 

 

where y is the defuzzification result, x is the variable 

corresponding to the original linguistic variable and 

μ (x) is the membership function of a fuzzy set cor-

responding to the original variable after the accumu-

lation stage. Min and Max are the left and right 

points of the interval of the support of the fuzzy set 

of the considered output variable. 

After processing the expert data, let’s have several 

linguistic variables that characterize the influence of 

control efficiency criteria on the strategy parameters. 

That is, each cell of the pivot table will contain sev-

eral variables (by the number of experts). 

When defuzzifying the data obtained, it is necessary 

to first perform the procedure of conjunction of all 

linguistic variables characterizing each parameter π 

for different values of criterion I. That is, the final 

value of the defuzzified value in the pivot table will 

be: 

 

𝜋𝑗
′ =

∫ 𝑥 ∙ ⋂ 𝜇(𝑥𝑖)𝑑𝑥𝑘
𝑖=1

𝑚𝑎𝑥

𝑚𝑖𝑛

∫ ⋂ 𝜇(𝑥𝑖)𝑑𝑥𝑘
𝑖=1

𝑚𝑎𝑥

𝑚𝑖𝑛

 (9) 

 

where k is the number of experts, x is the variable 

corresponding to the original linguistic variable, and 

μ(х) is the membership function of a fuzzy set cor-

responding to the original variable after the accumu-

lation stage. Min/ Max are the left and right points 

of the interval of the carrier of the fuzzy set of the 

output variable. 

Thus, a table of the dependence of the parameters of 

of the control strategy implementation on the control 

criteria is constructed. For the control strategy "Min-

imum power consumption for traction" such a de-

pendence on the partial criterion of traffic safety is 

given in Table 5. Next, it is necessary to obtain ana-

lytical expressions for each dependency , which is 

performed by approximating the table values. 
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Table 5. The defuzzification result of the magnitude 

of the influence of the partial criterion of 

traffic safety on the parameters of the con-

trol strategy "Minimum energy consump-

tion for traction" 

Value 

name 
Value 

I1 0 0,2 0,4 0,6 0,8 1,0 

π΄1, kg 54 269 221 345 408 279 

π΄2 0,09 0,063 0,047 0,0514 0,0059 0,0341 

π΄3 0,163 0,165 0,194 0,189 0,116 0,073 

π΄4 0,181 0,304 0,189 0,385 0,2409 0,1340 

 

After approximating the function by the methods of 

linear, quadratic and cubic regression (having previ-

ously normalized the fuel consumption values in the 

interval [0; 600]), it is found that the most qualita-

tively presented tabular data is described by quad-

ratic regression. Therefore, let’s take it as the main 

one in further calculations of analytical dependen-

cies 𝜋𝑗
′ = 𝑓(𝐼𝑖). But in some cases, to simplify cal-

culations, it is allow to use the results of linear re-

gression. 

Using well-known mathematical methods, a set of 

expressions is obtained that describe the dependence 

of π (parameters for implementing the train control 

strategy) on I1 (partial criterion of traffic safety): 

𝜋1
′ = −0.952∙I1

2+1.3496∙I1+0.1118, 

𝜋2
′ = 0.0708∙I1

2- 0.1347∙I1+0,09, 

𝜋3
′ = −0.2832∙I1

2+0.1973∙I1+0.1551, 

𝜋4
′ = −0.5663∙I1

2+0.5341∙I1+0.1795. 

Based on the above calculations, using formula (3), 

let’s write an expression to determine the influence 

of the motion safety criterion on control when the 

strategy “Minimum energy consumption for trac-

tion” is executed. After simplification, let’s obtain 

the expression: 

 

𝐴𝐼1/𝑠1
= 0,303𝐼1 + 0,487 (10) 

 

In a similar way, let’s obtain expressions for the in-

fluence of the partial criterion I2 (energy consump-

tion for traction of trains): 

 

𝐴𝐼2/𝑠1
= 1,112𝐼2 + 1,087 (11) 

 

and for the influence of the partial criterion I3 (ad-

herence to the schedule): 

 

𝐴𝐼3/𝑠1
= 0,902𝐼3 + 0,73 (12) 

 

Using expression (4), let’s obtain the values of the 

weight coefficients: 

 

𝛾1(𝑠1) =
0,303𝐼1 + 0,487

0,303𝐼1 + 1,112𝐼2 + 0,902𝐼3 + 2.304
 (13) 

 

𝛾2(𝑠1) =
1,112𝐼2 + 1,087

0,303𝐼1 + 1,112𝐼2 + 0,902𝐼3 + 2.304
 (14) 

 

𝛾3(𝑠1) =
0,902𝐼3 + 0,73

0,303𝐼1 + 1,112𝐼2 + 0,902𝐼3 + 2.304
 (15) 

 

Using the above dependencies, the nature of the in-

fluence of the value of partial criteria on the quality 

of train control in relation to a certain strategy is ob-

tained (example in Fig. 4-6). 

 

6. Results and discussion 

The work defines the stages of synthesis of the DSS 

structure for locomotive crews. Using these stages, 

a system design has been created, which will im-

prove the efficiency of locomotive operation by de-

fining and storing rational control techniques in the 

knowledge base. While driving the train, the driver 

is offered to apply a certain mode that best matches 

the current value of the track profile, train mass, traf-

fic light readings, weather conditions, etc. The main 

elements of the system are a fuzzy classifier (moni-

tors and recognizes images of train situations), a log-

ical inference subsystem (develops recommenda-

tions for locomotive control, taking into account the 

chosen strategy). 

A feature of this structure is the presence of a unit 

that assesses the current degree of complexity of an 

emergency situation, which makes it possible to de-

velop solutions not only from the standpoint of re-

ducing energy costs, but also to take into account the 

impact of the implementation of these solutions on 

traffic safety. 
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Fig. 4. Dependencies of weighting coefficients on particular criteria Ii

 
Fig. 5. Dependency Q(І1; γ1) at І2=І3=0 

 
Fig. 6. Dependency Q(І1;І2) at І3=0 

 

Decision making when driving a locomotive de-

pends on many circumstances. The paper proposes 

to determine the basic train control strategies that 

can be applied in various train situations. Based on 

the main tasks performed by the locomotive econ-

omy, the following control strategies have been de-

termined in the work: adherence to the traffic sched-

ule, maximum traffic safety, minimum energy con-

sumption for traction, maximum level of rolling 

stock reliability. 

The criterion for the efficiency of train control dur-

ing operation is presented in the form of a ratio of 

various efficiency indicators reflecting various prop-

erties of the system. Evaluation of the train control 

efficiency according to several criteria is rather dif-

ficult to formalize by means of classical mathemat-

ics. Therefore, to take into account not only quanti-

tative, but also qualitative characteristics of the ac-

tivity of a locomotive driver or an intelligent deci-

sion support system, it is proposed to use methods of 

fuzzy logic. So it is possible to derive and calculate 

the additive criterion of the effectiveness of the con-

trol activity of the intellectual system. Each of the 

particular criteria is a functional, contains the vector 

of the technical state of the locomotive, the control 

vector, the vector of setting influences, the vector of 

initial conditions, the vector of the final state, the 

quality of the locomotive crews, the time during 
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which the system is studied. However, in real oper-

ating conditions, this is not enough. For different 

conditions, the drivers apply different approaches to 

control (it is proposed to call them train control strat-

egies) and those actions that are considered correct 

in one strategy can be harmful to another. 

As a result of this work, a justification is obtained 

for calculating the weight coefficients when predict-

ing the best control action, taking into account the 

current control strategy. This makes it possible to 

model the activities of the locomotive crew of higher 

quality, which in the future will serve as the basis for 

the development of autonomous intelligent locomo-

tive control systems. The developed method is given 

for three main criteria of work, taking into account 

safety, energy consumption and compliance with the 

traffic schedule. However, for a more flexible and 

accurate model, this approach allows one to intro-

duce additional criteria, and the simplicity of the cal-

culation provides the required speed when imple-

mented on onboard locomotive computers. 
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