
 

ACCESS Journal:  

Access to Science, Business, Innovation in Digital Economy 

ISSN 2683-1007 (Online) 

2022, 3(2), 185-200, https://doi.org/10.46656/access.2022.3.2(8)          https://journal.access-bg.org/ 
 

185 
 

 

MODELS AND INTELLECTUAL TECHNOLOGIES USED FOR ANALYSIS 

AND PROCESS MANAGEMENT UNDER UNCERTAINTY 
 

Vladislav Skalozub1, Vadim Horiachkin2, Ivan Klymenko3 
 

1, 2, 3 Ukrainian State University of Science and Technologies, Dnipro, Ukraine 

 

e-mails: 1skalozub.vl.v@gmail.com, 2vgora@ukr.net  3vanya.klymenko@gmail.com 

 

 

Received: 17 April  Accepted: 13 May 2022  Online Published: 31 May 2022 

 
 
ABSTRACT 

 

Objectives: Modern production activity of railway transport of Ukraine (RTU) is characterized by high the level of 

complexity of processes and a wide range of conditions of uncertainty. The article is devoted to the tasks of development 

of unified automated intelligent analysis and control technologies indeterminate RTU processes in case of uncertainty. 

Methods / Approach: To achieve the goal a new model of the concept of formation of automated intellectual technologies 

of RTU is offered, implementation of which is based on a modular platform of unified analytical services designed for 

effective solution of certain typical tasks (diagnosis, classification, forecasting, management, etc.). The concept as a 

system includes stages of research of properties of processes, theoretical and methodological basis and methods of 

modeling and automated control, scenarios and intelligent acceptance procedures decisions in case of uncertainty. 

Results: As examples of application of the concept to the formation of unified technologies RTU presented intelligent 

services for diagnosing processes with several categories of uncertainty, as well as analysis and forecasting the 

parameters of anti-resistance processes. The analysis procedures developed in the article differ using the scheme of fuzzy 

control method Takagi-Sugeno adapted for diagnostic tasks with the uncertainty of different types (statistical, fuzzy, etc.), 

which is provided by the use integrated indicator – the reliability index, as well as the formal capabilities of the individual 

accounting for the importance of controlled variables of the process model together for all rules of diagnosis, and for 

each rule separately. By aggregating the levels of time series of non-deterministic RTU processes developed and 

researched correct mathematical models and algorithms designed for unified procedures classification and research of 

properties of anti-persistent processes of railway transport. Conclusions: In order to develop unified intelligent 

automated technologies RTU developed a concept analysis and management of non-deterministic RTU processes in case 

of uncertainty based on the platform analytical services. In work at formation of the specified services of the automated 

intellectual The technology has developed advanced diagnostic procedures that use Takagi-Sugeno-type models for 

several categories of uncertainty, as well as methods for classifying anti-persistence processes, algorithms interpolation 

of levels within aggregation ranges, analysis models and short-term forecasting processes designed to develop the 

theoretical basis and means of improving automated systems RTU. 
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INTRODUCTION 
 

Modern production activity of railway transport (RT) of Ukraine is characterized by a wide range of branches, 

a high level of complexity of processes and related management systems, a wide range of uncertainties. In the 
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current conditions, the most productive direction of RTU technology development is the use of economic and 

mathematical methods and models in combination with methods of systems analysis, nonlinear dynamics, etc., 

implemented using the latest information technologies. Comprehensive analysis of conditions and effective 

management of complex non-deterministic processes, in particular railway transport (RT), using only classical 

methods of mathematical and statistical modeling are impossible. The distribution and complexity of RT 

processes (train formation, technologies of freight transportation and repair, operation of transport 

infrastructure and its facilities, etc.) lead to events and situations with fundamentally indeterminate parameters. 

These and other factors determine the reasons for the lack of common mathematical models for many RT 

processes of technological and economic content. Due to the complexity and indeterminacy of numerous RT 

processes, one of the main ways of their initial description is to present data in the form of values of the main 

measured characteristics of time series (TS) ordered by stages and intervals. Examples of such TS for the 

railway can be the parameters of wagon flows of different categories at landfills and stations, estimates of costs 

of different types of resources by periods, parameters of freight flows, the sequence of events of operational 

processes, and others. 

Formation of conceptual and methodological bases for creation of technologies of automated 

intellectual management of indeterminate RTU processes. Let's focus on the current scientific and applied 

task of creating and using a variety of intellectual resources to improve the efficiency of procedures for 

analyzing the state of RT objects and their management. In particular, on the development and formation of 

the information environment of analytical servers (AS) of the system ASK VP UZ-E. Problems concerning 

formation of conceptual and methodological bases of the organization of the automated intellectual 

management for separate basic technological and economic processes of RT are devoted to works. (Skalozub 

et al., 2013; Zhukovyts’kyy, et al., 2018a; Zhukovyts’kyy et al., 2018b). In particular, the tasks on automation 

of management of processes of operation of parks of technical systems (PTS) of RTU are considered. Despite 

the diversity of PTS (cars, locomotives, electric motors, etc.), a number of formalized technological and 

information tasks were identified, the implementation of which will ensure the creation and operation of 

intelligent PTS control systems (Chen et al., 2020). An example of a basic unified task and functions of AS, 

which is widely used for management in conditions of uncertainty, including the management of the processes 

of operation of vehicle fleets, is the task of diagnosis. Construction of AS procedures for diagnostic tasks (AS-

D) significantly depends on the characteristics of the data (𝑋, 𝑌), their volume, accuracy, consistency, 

reliability, etc. Let's define the following task concerning formation of unified diagnostic procedures for rather 

widespread in the conditions of production processes. The structure and functioning of AS-D significantly 

depend on the models of mapping the conditions and methods of obtaining results – a logical conclusion 

(Katkova, 2018). In general, the creation of common and effective intelligent technologies for the management 

of non-deterministic RT processes requires the formation of an appropriate scientifically sound concept. 

The concept of estimation, forecasting and economic-mathematical modeling of processes of activity of 

RTU enterprises in the conditions of uncertainty contains system of the following components (Fig. 1). 
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Figure 1. The concept of estimation, forecasting and economic-mathematical modeling of processes of activity of the 

railway transport enterprises of Ukraine in the conditions of uncertainty 

Source: Author’s illustration 

 

According to the concept (Fig. 1) and the tasks of formation of AS platform technologies in Fig. 2 presents 

the implementation model, stages of research and theoretical and methodological basis for modeling and 

Theoretical and conceptual 
principles of performance 

evaluation, technological and 
economic modeling of 

processes and development 
of automation of 

management of RT 
enterprises of Ukraine in 
conditions of uncertainty

•Theoretical and conceptual approaches to the study and modeling of uncertainties in the 
activities of RTU enterprises

•Analysis of models and methods of estimation and influence of uncertainty factors in the 
conditions of RTU enterprises activity

•Analysis of the properties of automated control systems of technological and economic 
processes of RTU enterprises

•Formation of the concept of estimation of parameters and modeling of processes of 
activity of the enterprises of RTU in the conditions of uncertainty through development of 
means of automated management

Development of conceptual 
bases for evaluation and 

technological and economic 
modeling of RTU 

enterprises in case of 
uncertainty

•The concept of developing an analytical approach to determine the properties of 
controlled technological and economic processes

•Conceptual approach to the assessment of states and modeling of business processes 
under conditions of ambiguity and multiple uncertainties

•The concept of unification of means of estimation and modeling of processes of activity 
in the environment of ASC RTU in the conditions of uncertainty of data

Methodological bases and 
methodical approaches to 

estimation of characteristics 
and modeling of RTU 

processes in the conditions 
of uncertainty

•Methodological aspects of property evaluation and classification of nondeterministic 
antipersistent processes

•Development of theoretical principles and methodological approaches to modeling non-
deterministic processes of RTU enterprises on the basis of ASC data in the form of time 
series

•Methodical approach to determining the optimal order of service and distribution of work 
between contractors in the tasks of fleet management of technical systems in case of 
uncertainty

Models and methods of 
performance evaluation, 

forecasting and planning of 
RTU enterprises in case of 

uncertainty

•Methods of classification, evaluation of parameters and planning of anti-resistance 
processes of RTU

•Modeling and forecasting of processes on the basis of the expanded logistic display and 
the improved method of T. Demark

•Unified model for diagnosing and predicting the state of fuzzy processes of RTU in the 
environment of ASC RTU

•Models for determining the optimal order of service of groups of objects of parks of 
technical systems of RT, fuzzy distribution of works between executors at cooperation 
and competition

•Individual information models of the processes of operation of the fleets of technical 
systems of the ASC environment

Scenarios and decision-
making procedures for 

automated management of 
ASC under conditions of 

uncertainty

•Classification of nondeterministic processes, determination of reliable estimates of 
parameters

•Diagnosis of fuzzy parameters of technological and economic processes of RTU in ASC

•Modeling of non-deterministic technological and economic processes of RTU
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development of information technology management processes of production and economic activities of 

railway enterprises, taking into account the conditions of uncertainty. 

 

Analysis of the properties 

of automated control 

systems of technological 

and economic processes of 

RTU enterprises 

Relationship: 

ASC RTU and industrial 

enterprises RTU 

Theoretical 

generalizations, 

System approach, 

General scientific 

analytical method 

System analysis, 

Methods of chaotic 

dynamics, 

Methods of 

mathematical 

modeling 

Structural and 

functional analysis, 

Integral evaluation, 

Simulation modeling, 

decision theory, game 

theory methods 

Methods of game 

theory 

Optimization method 

of finding solutions, 

Methods of evaluating 

efficiency 

The concept and structure of 

unification of means of 

estimation and modeling of 

processes of activity in the 

environment of ASC RTU 

Unified model for 

diagnosing and predicting 

the state of fuzzy 

processes of RTU in the 

environment of ASC RTU  
Theoretical principles and 

methodological approaches 

to modeling non-

deterministic processes of 

RTU enterprises on the 

basis of ASC data in the 

form of time series 

Process forecasting models 

based on extended logistic 

mapping and improved T. 

Demark method  

Models of evaluation of 

characteristics, processes of 

automation of planning of 

activity of RTU enterprises 

in languages of uncertainty 

Models for determining 

the optimal priority of 

maintenance of groups of 

objects of parks of 

technical systems of RT 

Scenarios and decision-

making procedures for 

automated management of 

ASC under conditions of 

uncertainty 

Individual information 

models of the processes of 

operation of the facilities 

of the technical systems of 

the ASC environment 

Development of theoretical and methodological approaches 

to the analysis and modeling of technological and economic 

processes of RTU ASC in conditions of uncertainty 

Theoretical and 

methodological basis 

of modeling 

Stage 4. 

Development of scenarios 

and decision-making 

procedures for the type of 

models and parameters of 

management of 

technological and 

economic processes in 

conditions of uncertainty 

Stage 3. 

Formation of models and 

methods of analysis and 

management based on 

technological and 

economic processes of 

the TS in conditions of 

uncertainty 

Stage 2. 

Development of 

methodological bases 

and approaches to 

modeling of 

nondeterministic 

processes 

Stage 1. 

Formation of conceptual 

bases for classification 

and analysis of 

indeterminate 

technological and 

economic processes 

STAGES OF 

RESEARCH 

Figure 2. Model of the concept of formation of intellectual technologies of RTU 

Source: Author’s illustration 

 

At formation of the conceptual approach to the decision of a complex of problems on formation of 

intellectual technologies, and also the further development of automation of management of activity of the 

enterprises of RTU in the conditions of uncertainty, the scenario approach is offered. This approach is based 

on unified procedures of the AS platform - diagnosing, classifying, forecasting and planning with statistical 
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and fuzzy parameters of technological and economic processes of RTU, which may take into account the 

possibility of using different models based on existing databases and objectives (Fig. 1). Significantly, the set 

of methods and models of management automation envisaged by the concept includes unified procedures for 

diagnosing, classifying, forecasting, planning and managing the current RTU processes. Integration and 

unification of intelligent functions minimizes the operating costs required to implement the management of 

RT processes. 

Unified procedures of AS-D for diagnosing the parameters of nondeterministic RT processes in case 

of multiple data uncertainties. Consider cases of modeling and diagnosis, when one or several different types 

of uncertainty in the assessment of data characteristics (𝑋, 𝑌). That is, there is a repeated uncertainty of the 

parameters of the model of the controlled system: randomness, inaccuracy, fuzzy, interval estimates of values, 

their combinations (Chernyak et al, 2016; Ramazanov et al., 2019; Bajbuz et al., 2019; Nazzal et al., 2018). 

In terms of content, the tasks of diagnosis (and information technology to ensure) are that based on the use of 

measurement results of a set of controlled parameters of the object 𝑋 = {(𝑥𝑖),  𝑖 = 1,2, . . . , 𝑚)} визначити його 

стан щодо діагностування із множини determine its state of diagnosis from the set of possible 𝑌 =

{(𝑦𝑘),  𝑘 = 1,2, . . . , 𝑙)}. In this case, to ensure the completeness of the task of diagnosis, it is necessary to 

include all conditions - both serviceable and inoperable. Methods and procedures for diagnosing the state of 

systems and processes are a significant and important component of many technological and economic 

management systems in various industries (Skalozub et al, 2017; Voronina et al., 2016). To apply the scheme of 

the fuzzy control method Takagi-Sugeno (T-S) in the uncertainty of different species in our work used in 

(Chernyak et al, 2016) integrated indicators – reliability indices 𝑑(𝑥), species: 

 

𝑑(𝑥) = [𝑑𝐷1𝑁(𝑥̄1) ⋅ 𝑑𝐷2𝑁(𝑥̄2) ⋅. . .⋅ 𝑑𝐷𝑛𝑁(𝑥̄𝑛)]
1/𝑛

 (1) 

 

In (1) 𝑑(𝑥) is a generalized estimate of the degree of reliability of the n-dimensional vector of input 

variables (𝑋), rules of the T-S model, ie rules of the form (2). Individual components (𝑋) take values from sets 

[0, 1]. This index (1) is further used in the TC method, similar to the degree of affiliation for fuzzy quantities 

(Byt’ko et al, 2015; Boyko et al, (2013). 

 

𝑅(1) : 𝐼 𝐹(𝑥1𝑖𝑠𝐷1
1𝐴𝑁𝐷𝑥2𝑖𝑠𝐷2

1𝐴𝑁𝐷 … 𝑥𝑛𝑖𝑠𝐷𝑛
1)𝑇𝐻𝐸𝑁𝑦1 = 𝑓(1)(𝑥1, 𝑥2, … , 𝑥𝑛) 

𝑅(𝑁) : 𝐼 𝐹(𝑥1𝑖𝑠𝐷1
𝑁𝐴𝑁𝐷𝑥2𝑖𝑠𝐷2

𝑁𝐴𝑁𝐷. . . 𝑥𝑛𝑖𝑠𝐷𝑛
𝑁)𝑇𝐻𝐸𝑁𝑦𝑁 = 𝑓(𝑁)(𝑥1, 𝑥2, . . . , 𝑥𝑛) 

(2) 

 

Consider the formation of the model of the task of diagnosing and creating a unified procedure of the AS-

D platform. To simplify the presentation of the material instead of reliability indices (with multiple 

uncertainties of data (1)) we will use fuzzy values. The procedure consists of the following stages: 

• formation of sets of controlled parameters(𝑋) and diagnosed conditions (𝑌), 𝑌 = {(𝑦𝑘),  𝑘 =
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1,2, . . . , 𝑙)}, which further represent the term-sets of the linguistic variable RESULTS; 

• formation of membership functions of parameters (𝑋) term-sets of values(𝑌) variable RESULTS: 

(𝜇1(𝑥𝑖), 𝜇2(𝑥𝑖), . . . , 𝜇𝑙(𝑥𝑖)),  𝑖 = 1,2, . . . , 𝑚 (3) 

  

• determination of indicators of significance 𝐺𝑥(𝑖)𝑘 (relevance) of variables 𝑋 = {(𝑥𝑖),   𝑖 = 1,2, . . . , 𝑚} 

for diagnostic rules 𝑅(𝑘), 𝑘 = 1,2, . . . , 𝑙: 

(𝐺𝑥(1)(𝑘), 𝐺𝑥(2)(𝑘), … , 𝐺𝑥(𝑖)(𝑘), … . , 𝐺𝑥(𝑚)(𝑘)),   𝑖 = 1,2, . . . , 𝑚 (4) 

  

• definition (for example, by the method of analytical hierarchies (Saaty T., 2016)) for each term set 

𝑦𝑘 ∈ (𝑌) «individual» weights of importance of parameters (𝑋) ( 𝑅(𝑘)): 

𝑊(𝑘) = (𝑤1𝑘 , 𝑤2𝑘, . . . , 𝑤𝑚𝑘),  𝑘 = 1,2, . . . , 𝐿 ;  ∑ 𝑤𝑗𝑘 = 1

𝑗

 (5) 

• get the value of a controlled set of parameters,(𝑋) perform a calculation of the set of values of 

membership functions for each term set of values (𝑌) variable RESULTS, or similar estimates for 

variables (1): 

(𝜇1(𝑥𝑖∗), 𝜇2(𝑥𝑖∗), . . . , 𝜇𝑙(𝑥𝑖∗)),  𝑖 = 1,2, . . . , 𝑚 (6) 

  

• calculate the values of the resulting indicators of thermal sets (possible states) taking into account the 

indicators of relevance (4) and weights 𝑊(𝑘),  𝑘 = 1,2, . . . , 𝑙; 

𝑉(𝑘) = ∑  𝐺𝑥(𝑖)(𝑘) × 𝑤𝑖𝑘 × 𝜇𝑖𝑘(𝑥𝑖∗)

𝑖

,  𝑘 = 1,2, . . . , 𝑙. (7) 

 

Dimensions {𝑉(𝑘)}𝑙 represent weighted estimates of the degree of affiliation (or indices (1)) of the input set 

(𝑋) to the corresponding term sets𝑦𝑘 ∈ (𝑌) variable RESULTS, the maximum of which determines the 

outcome of the diagnosis: 

𝑉(rez) = 𝑚𝑎𝑥
𝑘

(𝑉(𝑘)(𝑌)) (8) 

Model (7) - (8) is a form of the T-S method (Vertelieva, 2019), where the activity indicators of individual 

rules of diagnosis (7) are the results of the application of functional transformations of the original data (𝑋). 

Note that to diagnose certain conditions (𝑌), 𝑌 = {(𝑦𝑘),  𝑘 = 1,2, . . . , 𝑙)} several rules 𝑅(𝑘)of the form (7) 

with different parameters can be. 

Based on the values (6), (7), various indicators can be formed, which determine the relative or comparative 

estimates of the results (8), for example, the normalized percentage and so on. In work (Kozachenko et al., 

2013) such indicators determine the comparative reliability of individual term-sets(𝑌)namely: 

𝜈(𝑘) =
𝑉(𝑘)

∑ 𝑉(𝑘)
(𝑘)

 (9) 
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As mentioned above, indicators (9) and similar in model (3) - (9) can be obtained on the basis of complex 

estimates – reliability indices 𝑑(𝑥) (1). It is important that in the General case, the values of (1) can be formed 

by indicators of different categories of uncertainty of the components of the input vector (𝑋). In addition, for 

a single variable , 𝑋 = {(𝑥𝑖),  𝑖 = 1,2, . . . , 𝑚} it is possible to use the characteristics of different categories of 

uncertainty, ie to consider them as separate, for example, in different rules (7). When comparing indicators 

(7), (9) with the established levels or among themselves, it is possible to diagnose several states (Y) of the 

system. For example, the group of diagnosed conditions includes those whose values (9) differ from (8) by a 

set percentage. 

The unified diagnostic procedure can be implemented on the basis of the created information-analytical 

platform ANS-D environment ANS. The general structure of this module is shown in Fig. 3. 

 

Figure 3. Unified control module of the AS-D environment 

Source: Author’s illustration 

 

Module blocks (Fig. 3) correspond to the components of the diagnostic model (3) - (9). It also evaluates the 

reliability of data on models of input values, which in the general case may be different types of uncertainty. 

Procedures for classification and short-term forecasting of RT processes. Here is another example of 

unified procedures of the platform AS – procedures for analysis, classification and forecasting of 

nondeterministic processes represented by time series, according to chaotic dynamics. The ramifications and 

complexity of RT processes and systems lead to the emergence of events and situations with fundamentally 

indeterminate parameters. One of the main ways of their initial description is to present the data in the form of 

values of the main measured characteristics of TS arranged by stages and intervals. Models and methods of 

analysis and forecasting of states and parameters of complex systems based on the TS have been recognized 

and widespread, find new forms of implementation. TS of RT processes and requirements for the results of 

their analysis are specific in comparison with natural (biological, atmospheric phenomena, cardiac processes, 

etc.). First, these TS’s are "short" (up to 250 levels); secondly, the requirement for the "suitability" of 

procedures for reliable production and technical forecasting and planning. To study the general properties of 

the TS, fractal analysis methods are currently used, in particular, the calculation of the Hirst index. (H), which 
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allows to distinguish between processes (persistent or trend-resistant, anti-persistent, where "breaking" 

tendencies are expected, processes of a random nature). For the study of anti-persistent TS (ATS), specialized 

procedures have been developed that allow to differentiate and classify such processes. 

Formation and interpretation of ATS data sequences requires determining the possibility of correct 

formation of computer models, procedures for estimating the parameters of process states, methods of studying 

the properties of TS, accuracy and reliability of constructed models, etc. 

The development of research on models, algorithms and software for ATS is currently of scientific and 

practical interest. For the AS environment, the issues that ensure the development of algorithmic and 

instrumental software for correct and numerically effective research and classification of ATS, the formation 

of short-term forecasting procedures are important and relevant. 

In the rational management of non-deterministic processes of arrival or departure (Fig. 4) of cars of a certain 

category from the station, the tasks of modeling, analysis and forecasting of such processes based on their TS 

(TS-C) are important. 

 

Figure 4. Dynamics of departure of wagons from the station for the year 

Source: Author’s illustration 

 

To ensure the reliability and adequacy of mathematical models of these and similar processes, it is first 

necessary to establish the general properties of TS-C. To do this, use the Hurst index (10) (Qi et al., 2011; 

Dlask et al., 2018), the values of which allow us to establish the category of TS processes – persistent (trend-

resistant), anti-persistent ("breaking" trends, returns), the random nature of processes 

 

)*log(

)/log(

Na

SR
H =  (10) 

where: H – Hurst index; S – standard deviation of a number of observations; R – the scope of the 

accumulated deviation; N – number of observation periods;  
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«a» – set constant, for "short" TS 
2


=a  (Skalozub et al., 2016; Skalozub et al., 2018). 

Studies of the TS of some processes of transportation and maintenance of wagon flows of RT of Ukraine 

(Fig. 4) allowed to classify them as ATS. Consider the task of creating a service platform AS for classification, 

modeling and short-term prediction of ATS, using the procedure of the article (Skalozub et al., 2016). It 

proposed a theoretical and methodological approach and a specialized procedure aimed at solving the problem 

of differentiation of ATS and their classification. Classification of ATS allows to reveal additional signs of 

processes at the expense of what to increase reliability and accuracy of results of the analysis and forecasting 

of nondeterministic processes. The basis of the approach is the sequence of transformations of the ATS by 

procedures of generalization of adjacent levels of source data sequences. 

At the same time, a methodology was developed, as well as basic procedures for classifying the studied processes 

were formed. 

The following procedure of classification of a series (PCS) by its transformation is offered (Skalozub et al., 

2016). Schematically, a series of new TSi(k) is formed on the basis of PCS data based on the original TS data, 

k = 2, 3, 4, 5 .... In the TSi(k) series, the parameter "k" indicates the number of consecutive levels of the series, 

which are used to construct one next level of the transformed series (as the average value of k levels) at the 

stage of analysis "i". That is, "i" means the number of the PCS stage for the formation and study of TSi(k). In 

the next (i+1) and subsequent stages, the PCS procedure is applied to the new ones formed in the previous 

stages of TSi(k). The construction of TSi(k) series is terminated if for some value of "k" the corresponding 

TSi(k) becomes trend-resistant according to (10). A similar condition for the completion of the PCS is the 

requirement: Н(TSi(k))> Н* (10). When the PCS stop conditions for the TSi(k) series are provided for several 

generalizations of the "k" levels, the TS are assigned to a class with a smaller "k". Next, to the obtained in 

stage "k" modified series apply the methods of correlation-regression analysis (Skalozub et al., 2018b), build 

a regression model of the formed TSi(k). The coefficient of determination (R2) acts as a measure of the 

reliability of each of the models. 

Examples of aggregate TS-C models and their regressions are shown in Fig. 5 and Fig. 6. The original ATS-

C became persistent (H = 0.587) by aggregation of 5 consecutive levels of ATS, with the TSi(5) model. In Fig. 

5 shows the ATS-C of the 7th class, ie the elements of the model were formed by aggregation of 7 (k = 7) 

levels of the ATS. 
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Figure 5. Initial aggregated ATS of the 5th class, TSi(5), H = 0.587 

Source: Author’s illustration 

 

Figure 6. Regression model for aggregated ATS of the 7th class (k = 7) 

Source: Author’s illustration 

 

The polynomial regression model of ATS 7th class has a coefficient of determination (R2 = 0.7693). Also, the 

value of the class (k = 7) has a meaningful interpretation – the volume of cars per week. 

The trend-resistant TSi(k) models formed by the PCS allow to estimate the ATS indicators generalized for 

the period “k”, which is often insufficient for practice. When planning, it is necessary to have not only group 

data, but also estimates of levels for all periods. The problem of estimating the parameters of ATS processes 

at all levels is solved by forming a procedure for interpolation of values in the aggregation ranges (Skalozub 

et al., 2018a). For the justified application of models (1) of TS processes for the AS of RT platform, it is 

necessary to develop specialized procedures that allow: 

• unambiguously and computationally efficient classify ATS; 

• perform interpolation of the values of the levels of the ATS indicators within the aggregation intervals; 
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• perform procedures for short-term forecasting of the values of total volumetric indicators of the modified series 

for the established interval (period of data aggregation), as well as estimates of values at all steps of the primary 

ATS process. 

The essence of the interpolation procedure in the classification of the TS is the formation of several newly 

formed sequences of class "k", which are offset from each other by several levels. So they have the same class 

"k", but different level numbering and mathematical models of trends. By shifting the models, it is possible to 

interpolate values by levels using a system of equations or iterative procedures. 

To form an interpolation procedure for estimating and refining the internal levels of ATS with certain means 

of PCS class "k" we use the following system of equations formed on the basis of the initial TS: 

1
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1
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(11) 

 

That is, when calculating estimates of indicator levels within the aggregation interval for ATS class k>1, it 

is necessary to form "k" of new sequences with elements (11). The following elements of aggregate models 

are calculated similarly to (11), but for other sequences of indexes of TS elements. For example, for processes 

5th class TSi(5) the following formation schemes are possible (from fa (5)): 

fa :    ua1; ua2; ua3 ; ua4; ua5; ua6 ; ua7; ua8 ; (12) 

fb(5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua2+ua3+ ua4+ ua5+ua6 )/5; (13) 

fc(5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua3+ua4+ ua5+ ua6+ua7 )/5; (14) 

fd(5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua4+ua5+ ua6+ ua7+ua8 )/5 (15) 

ff (5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua6+ua7+ ua8+ ua9+ua10 )/5 (16) 

 

As the number of the ATS class "k" increases, the number of variants of aggregation schemes of models of 

the form (13) - (16) increases. There are two significantly different types of such schemes - "without overlap" 

members of ATS (13), in which consecutive elements of aggregated models do not contain previous elements, 

as well as with overlap (repetitions) of members of TS (12) in newly formed sequences of TS models (k), (13) 

- (15). (13) - (16) give examples of several initial levels of time series variants TSi(k). Examples of data 

aggregation schemes (12) testify to the content and wide possibilities of forming process models in the form 

of TSi(k). At the same time, in order to create the AS platform, it is necessary to establish, firstly, in which 

form of aggregation the possibility and accuracy of classification of source TS is provided, and secondly, to 

propose algorithms for forecasting aggregate models. Such algorithms should also allow interpolation – to 

calculate the internal levels of indicators of TSi(k) processes. 
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Unified procedures for interpolation and forecasting of ATS are designed to calculate the internal levels of 

ATS processes, using estimates of integrated values obtained from the models of the corresponding trends of 

TSi(k). For different variants of aggregation (13) – (16) it is necessary to form a separate procedure of 

interpolation - calculation of values of internal levels on the basis of forecast values for the whole range., 

Obtained on the basis of the system of equations (11). Thus, for (k=3) to calculate the intra-interval values of 

levels, it is possible to use (k-1) the initial values of the ATS instead of solving the system of equations of the 

form (11). Then to interpolate the ATS levels instead of solving the systems of equations (11) it is sufficient 

to use successive relations of type (16): 

1 2 3
1

3

y y y
Y

+ +
= , then → 2113 3 yyYy −−= , 

2 3 4
2

3

y y y
Y

+ +
= , then → 3224 3 yyYy −−=  

3 4 5
3

3

y y y
Y

+ +
= , then → 4335 3 yyYy −−=  

(17) 

As a result, the following general algorithm is used when constructing the forecast: For the process Y1, the 

k-levels of the initial TS are selected, starting from i=1, n over k. For Y2 – i=2, n, for k, etc., for all Yj, j = 1, 

k, depending on the aggregation scheme of the form (13) – (16). The Hurst index (10) is determined, the 

forecast is constructed according to the polynomial model of TSi(k) and the coefficient of determination is 

calculated (R2). According to the obtained models, the internal interval values of the forecast levels are 

calculated, for the determination of which the initial values of the series Y are used (k-1). For example, for 

(k=3) of the form (17). Studies of the functional efficiency of TSi(k) modeling algorithms have shown that 

different aggregation schemes give different (though quite similar) mathematical models of the same process 

that can be used for operational forecasting under uncertainty. 

Various variants of TSi(k) formation schemes (with overlapping and without overlapping levels) were 

investigated for many ATS. For example, in Fig. 7and Fig. 8 shows the aggregate models of ATS of the third 

class of TSi(k=3) with Hurst index (10), H = 0.479. The figures show the initial members of the new sequences 

with different numbers of common elements in the aggregate levels (11). Namely, one common element of 

MA(3_1) fig. 7, without intersection of elements MA(3_3) fig. 8. The figures also show polynomial models 

of trends calculated by the method of least squares, as well as estimates of the reliability of polynomial models 

(R2). Similarly, these analytical models represent generalized processes formed from the initial ATS. 
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Figure 7. Aggregate model of TSi(k=3) with one common element (15) 

Source: Author’s illustration 

 

Figure 8. TS model of TSi(k=3) for the scheme without overlapping levels (16), polynomial model and reliability 

estimates (R2). 

Source: Author’s illustration 

In the vast majority of computational experiments, aggregation schemes with overlapping levels had class 

k = 2. Such schemes were "insensitive" to the data in the classification of the TS. Classification schemes for 

aggregation without "intersection" of successive levels of the species (16) allowed to identify different classes 

of ATS. Modeling and analysis showed the advantage of the aggregation scheme without overlapping levels, 

which ensured the reliability of the classification of ATS and the accuracy of interpolation procedures. It is the 

classification schemes of the TS in aggregation without "intersection" and the corresponding interpolation 

procedures are proposed for the formation of the AS platform. The performed computational experiments 

showed the possibility of using the proposed classification of TSi(k) only for short-term forecasts. To 

implement these algorithms for interpolation and forecasting the levels of ATS processes, it is necessary to 

have an appropriate structure of their software implementation, which provides the formation of a model 
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sequence of quantities containing all previous levels of TS. Such components of automated systems are 

implemented by modules of the AS platform of the RTU. 

 

CONCLUSION 
 

A modern and effective direction of development of automated railway transport systems of Ukraine is the 

formation of intelligent technologies for analysis and control of indeterminate processes in case of uncertainty. 

The article proposes a concept and methodology designed to create technologies for automated control of non-

deterministic processes, the implementation of which is based on a system of unified analytical services. 

Examples of intelligent services for diagnosing processes with several categories of uncertainty, as well as 

analysis, classification and forecasting of parameters of anti-resistance processes, revealing the essence of the 

tasks of building intelligent technologies of automated RT systems of Ukraine. Improved Takagi-Sugeno 

models for several categories of uncertainty have been obtained in the formation of services for diagnosing the 

parameters of RT states. The procedure of classification and short-term forecasting of anti-persistent RT 

processes is proposed, and its properties of correctness and efficiency are investigated. The developed models 

and methods provide formation of the corresponding services of intellectual technologies of the automated 

systems of RT of Ukraine. 
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