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METHOD FOR GENERATING A DATA SET FOR TRAINING A NEURAL NETWORK 

IN A TRANSPORT CONVEYOR MODEL 
 

Abstract .  The object of research is a stochastic input flow of material coming in the input of a conveyor-type transport 

system. Subject of research is the development of a method for generating values of the stochastic input material flow of 

transport conveyor to form a training data set for neural network models of the transport conveyor. The goal of the 

research is to develop a method for generating random values to construct implementations of the input material flow of a 

transport conveyor that have specified statistical characteristics calculated based on the results of previously performed 

experimental measurements. The article proposes a method for generating a data set for training a neural network for a model 

of a branched, extended transport conveyor. A method has been developed for constructing implementations of the stochastic 

input flow of material of a transport conveyor. Dimensionless parameters are introduced to determine similarity criteria for 

input material flows. The stochastic input material flow is presented as a series expansion in coordinate functions. To form 

statistical characteristics, a material flow implementation based on the results of experimental measurements is used. As a zero 

approximation for expansion coefficients, that are random variables, the normal distribution law of a random variable is used. 

Conclusion. It is shown that with an increase in the time interval for the implementation of the input material flow, the 

correlation function of the generated implementation steadily tends to the theoretically determined correlation function. The 

length of the time interval for the generated implementation of the input material flow was estimated.  

Key words:  transport conveyor; neural network; stochastic process; dataset generator; material flow. 

 

Introduction 

Conveyor-type transport systems service a very 

important role in reducing the cost of material extraction 

in the mining industry [1,2]. The conveyor is not only 

the most economical way to move bulk materials, but 

practically the only means for moving material over 

difficult terrain [3]. Reducing the unit cost of 

transporting material is achieved by increasing the 

material loading factor of the transport system. For the 

mining industry, the value of the load factor for the 

standard operating mode of the transport system is in 

the acceptable range of 0.5-0.7 [4]. At the same time, 

the share of costs for moving material in transport 

systems several kilometers long reaches 20% [5, 6]. As 

the uneven loading of the transport system with material 

increases, the load factor decreases, which leads to a 

nonlinear multiple increase in transport costs [7, 8]. To 

reduce transport costs, systems are developed to control 

the speed of the conveyor belt [9, 10], to control the 

flow of material from the accumulating bunker [11–13], 

combined control systems [14]. Cost reduction methods 

using energy management methodology are also 

proposed [15]. At the early stage of designing systems 

for controlling flow parameters, models were mainly 

used, the calculation of parameters of which is based on 

numerical methods: finite element method (FEM) [16], 

finite difference method (FDM), system dynamics 

equations [17]. Models based on numerical methods 

made it possible to synthesize algorithms for controlling 

the flow parameters of a single conveyor. 

The emergence of an analytical model of a 

conveyor [18] made it possible to design control 

systems for branched transport systems consisting of a 

dozen conveyors [13]. The next stage in the 

development of models, as well as control systems for 

the flow parameters of a transport conveyor, was the 

construction of transport system models based on the 

use of regression equations [19, 20] and neural networks 

[21–23]. Models using neural networks opened up the 

possibility of modelling extended and highly branched 

transport systems containing hundreds of individual 

conveyors. The characteristics of extended conveyor 

systems, the length of which reaches one hundred 

kilometres, are given in [24]. An analysis of the 

functioning of highly branched conveyor-type transport 

systems is presented in [25, 26]. In parallel with the 

development of models based on neural networks, 

analytical models for extended transport systems 

consisting of a large number of sequentially located 

conveyors were improved [27]. Representing the state 

of flow parameters along the transport route in the form 

of a series using Heaviside functions made it possible to 

obtain compact analytical expressions for modelling the 

state of flow parameters of conveyors sequentially 

located along the transport route. This has opened up 

new opportunities for aggregating extensive conveyor-

type transport systems. 

However, a promising direction for modeling 

highly branched transport systems remains the direction 

based on the use of neural networks. A model of a 

branched transport system based on a neural network is 

presented in [28]. When training a neural network, a 

data set was traditionally used that was built for a 

deterministic input material flow. This is due to the 

difficulty of generating data sets for training neural 

networks in transport conveyor models, which is the 

main obstacle to the use of these models for the design 
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of highly efficient control systems. To solve the 

problem of generating a training data set, the results of 

experimental measurements of the input material flow 

can be used [29, 30]. Currently, there are already 

publications containing an analysis of the 

implementation of a stochastic flow of material coming 

in the input of a transport conveyor [31, 32]. Typically, 

a single study contains only one realization of stochastic 

material flow, that is not sufficient to generate a training 

dataset. On the other hand, the duration of experimental 

measurements should exceed the average time of 

material transportation along the route in order to 

exclude the influence of the initial distribution of the 

material flow along the route on the value of the output 

material flow. For extended transport systems, 

transportation time reaches several hours. This makes it 

difficult to directly use experimental measurements of 

the input material flow to construct a training dataset. In 

this situation, designing a generator of values for the 

stochastic flow of material coming in the input of the 

transport system will solve this problem. Such a 

generator, based on the values of the statistical 

characteristics of the experimental flow of a material, 

will ensure that the neural network is trained to generate 

the required number of realizations of the stochastic 

material flow with a given time duration. This will 

make it possible to build an effective neural network 

training process and improve both the modeling 

accuracy and the accuracy of material flow control in an 

industrial environment. This paper explores the 

prospects for developing a generator values of 

stochastic material flow based on functional 

relationships between the statistical characteristics of 

implementations input material flow obtained from 

experimental measurements. 

Problem statement 

With a limited set of sample data specified by a 

single implementation of a random stationary process 

on time interval  maxmin , ttt  , time averaging for 

stationary process )(t  can be replaced by averaging 

over the statistical population 

 dtt
tt

m

t

t


−

=

max

min

)(
1

minmax

;  (1) 

 ( ) dtmt
tt

t

t

  −
−

=
max

min

2

minmax

2
)(

1
;  (2) 

 

( )

( )( )
max

min

max min( ) 1

( ) ( ) ;

( ) ( ),

t

t

k t t

t m t m dt

k k



 

 



  

 

= − 

 − + −

= −

  (3) 

( )

( )

( ) ( )  

max

min

max min min max

max ( ) ;

min ( ) ;

max ; min ; , ,

t

t

t t t t t t t

 

 

=

=

= = 

  (4) 

where m ,   is the mathematical expectation and 

standard deviation for random process )(t , calculated 

based on its implementation; max , min  are 

maximum and minimum value of the implementation of 

a random process )(t ; )(k  is correlation function of 

a stationary process;   is correlation time. A sufficient 

condition for the fulfillment of equalities (1) – (3) is the 

limit equality: 

 0)(lim →
→

k . (5) 

Let us define the input flow of material in the form 

of a random stationary process )( , that determines the 

value of the input flow of material   at an arbitrary 

moment of dimensionless time  . Let us introduce 

dimensionless parameters to describe the material flow 

arriving on the entrance of the transport conveyor: 

 

 

max min

min

max min

( ) 2
( ) ; ;

2 1; 1,1 ;

t

m t t

t t

t t



 
  

 

= =
−

−
= −  −

−

 (6) 

 1=m ;   


=
m

;   )()( −= ss kk .  (7) 

and present the statistical characteristics of the 

parameters of the material flow in dimensionless form: 

 1
2

−=
N

n
n ;   Nn ,0= ;   

2
,0

N
i = ;  (8) 

( ) ( )

1

01

1
222

01

1 1
( ) ( );

2 1

1 1
( ) ( ) ;

2 1

N

n
n

N

n
n

m d
N

m d m
N

    

     

=−

=−

= =
+

= − = −
+





  (9) 

( )( )

( )( )

1

1

/2

1 2
( ) ( ) ( )

2 1

( ) ( ) , 2 .

s i i

N

n n i i
n N

k m m d
N

i
m m

N

      

     

−

=

= − + − = 
+

 − − − =





  (10) 

Let us replace the implementation of stationary 

process )(  with the implementation of a random 

process, represented by a sequence of random values of 

the material flow n , constant in the value during 

random time intervals nT . Random variables   and T  

have a given distribution law. For the presented 

approximation of random process )( , it is necessary 

to construct a random flow generator with statistical 

characteristics (1)–(3) that define random process )( . 

Construction of a generator of input 

material flow values to form a training data set 

Let us define the input flow of material )(  in 

the form of decomposition: 
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where n  is independent centered random variables 

with standard deviation n ; )(m  is mathematical 

expectation of random process )( ; nT  is independent 

random variables with standard deviation Tn  and 

mathematical expectation Tnm ; )(xH  is Heaviside 

function. 

Functions )(n  are orthogonal functions on 

interval  nn  − ,1  
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The sequence of values of random variables 

( )nn T,  form the implementation of the random 

process )( : 
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Along the dimensionless time axis  ,0  there is a 

simple flow of events )(T  with intensity Tnm/1 . At 

the moment of occurrence of event nT , random process 

)(  takes on a random value n , keeping it constant 

until the occurrence of the next event 1+nT  (12). The 

centered random variables 0 , 1 , 2 ,…, n  are 

independent and distributed with the same density 

)(f  and standard deviation  = n : 
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Likewise, random variables 0T , 1T , 2T ,… nT  are 

independent and distributed with equal density. Let us 

assume in the zero approximation that the probability of 

occurrence of event nT  has an exponential law: 
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Let us determine the characteristics of the 

stochastic material flow )( . Since the time 

dependence is concentrated in the deterministic function 

)(n , and the random behavior in the random variable 

n , it follows: 
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If at time   event n  is observed, this means that 

event ( )nnT −  has occurred. Let us find the 

probability that at time   event n  is observed and 

event ( )nnT −+  will occur. Let’s use 

conditional probability 
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Thus, the probability that at time   event n  is 

observed and event ( )nnT −+  occurs, provided 

that event ( )nnT −  occurs, is ( )Tm/exp − . Let 

us use this result to calculate the correlation function for 

a random stationary process )( : 

 

0 0

0 0

2

0

2

0

2 2

0

( ) ( ) ( )

( ) ( )

( ) ( )

( ) ( )

( ) ( ) exp ,

n n i i

n i

i n i n

n i

n n n
n

n n n
n

n n n
Tn

k M

M

M

M

M M
m

     

    

    

    


     

 

= =

 

= =



=



=





=

   
=   + =   

      

 
=   + = 

  

 
=  + = 

  

 =  + =
 

 
 =  + = −  

 

 









(20) 

where   0= niM , due to the fact that the centered 

random variables n  are independent centered random 

variables;   22
=nM  by definition (15); 0)( =n  

if  nn  − ,1  by definition of function )(n  (12).  
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The correlation function is proportional to 
2
 , 

since for an arbitrary moment in time  nn  − ,1  the 

value of the material flow is constant, and the dispersion 

for the distribution law for each random variable 

0 , 1 , 2 ,…, n  is equal to 
2
 ,   22

=nM . 

Expression (11) is the canonical expansion of the 

stochastic process )(  into coordinate functions 

)(n . The expansion coefficients are centered random 

variables n . The coordinate functions )(n  are 

orthogonal on the interval  nn  − ,1 . The type of 

coordinate functions is chosen from the condition of 

optimal approximation of the implementation of the 

input material flow. This choice of a coordinate function 

can correspond to the method of extracting material at 

different speeds of moving of equipment at different 

time intervals.  The canonical expansion can have 

different laws of distribution of random variables n . 

Thus, a stochastic flow of material can be represented 

by different versions of the law of distribution of 

random variables n . The equality of the mathematical 

expectation, standard deviation and correlation function 

for two processes does not mean the equality of the 

distribution laws of two random processes. As a zero 

approximation, we will assume that random variables 

n  have a normal distribution law.  

Taking into account that m3  [8], we rewrite 

expression (15) in the form 
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The probabilistic characteristics of a stationary 

stochastic process do not depend on time. Thus, the one-

dimensional distribution density of the values of the 

stochastic input material flow (4) does not depend from 

time, and the mathematical expectation and dispersion 

of the stochastic material flow are constant values. 

Despite the fact that random process )(  is represented 

by a composition of a set of random variables 2, the law 

of distribution of values of random process )(  with 

selected coordinate functions )(n  is not a normal 

distribution law. This is explained by the fact that for 

different sections of the random process )(  and 

)( +  the probability of their coincidence is not zero, 

but is determined by the expression: 

   








 
−=+=

Tm
P exp)()( .  (22) 

On the other hand, for two random variables 

distributed according to the normal distribution law, the 

probability of matching the values is zero. It follows 

that when approximated in the form of canonical 

expansion (11), the distribution law of material flow 

values is not a normal distribution law. 

Analysis of results 

As an example, consider the construction of a 

generator of input material flow values to simulate the 

material flow incoming to the input of a transport conveyor 

(NCC Industry, Uddevalli, Sweden), Fig. 1 [29]. 

 

 
a 

 
b 

Fig. 1. The input material flow (t)  

(NCC Industry, Uddevalli, Sweden, [29]):  

a – implementation of the input material flow;  

b – histogram of the distribution of values   

of the input material flow 

 

Taking into account dimensionless parameters (6), 

(7), let's present the input flow of material )(t  in 

dimensionless form )( , Fig. 2. 

The implementation of a dimensionless material 

flow )(  contains minimums, which characterize the 

process of supplying material in batches with a quasi-

constant value of the input material flow. Let us define 

the input flow of material within time interval 

 nn  − ,1  in the form of the following 

approximation: 
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a 

 
b 

Fig. 2. Dimensionless input material flow ():  

a– implementation of the input material flow; 

b – histogram of the distribution of values   

of the input material flow 

 

where n is the average value of the material flow in 

interval [n–1, n].  

The input material flow in accordance with the 

approximate expression (23) is presented in Fig. 3. For 

the original implementation of the material flow (Fig. 2) 

and the approximated implementation (Fig. 3) the 

correlation functions are shown in Fig. 4.  

 

a 

 

b 

Fig. 3. Dimensionless approximated input material flow (): 

a – implementation of the input material flow;  

b – histogram of the distribution  

of the input material flow values  

 
Statistical characteristics calculated based on the 

implementations of the input material flow are 

presented in Table 1. The mathematical expectation, 

standard deviation, and even the maximum value differs 

slightly for the implementations of the input material 

flow, which indicates a fairly accurate approximation of 

the input material flow. 

   
a      b 

Fig. 4: Correlation function ( )sk   for the implementation of the input material flow:  

a – the initial implementation of the input material flow;  

b – an approximated implementation of the input material flow 
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Table 1 – Characteristics of the implementation of the input material flow 

Parameter 
Original 

implementation, 1x  

Approximated 

implementation, 2x   

Relative deviation 

1 2 1/x x x−  

Mathematical expectation 0.0510781 0.0514527 0.0073338 

Standard deviation 0.0153045 0.0145025 0.0524028 

Maximum value 0.0725200 0.0691900 0.0459183 

Minimum value 0.0000000 0.0000000 - 

 
For small values of   [0; 0.1] the correlation 

function for the approximated implementation of the 

input material flow is a fairly accurate approximation of 

the original implementation. For value  > 0.1, the 

correlation function for the approximated 

implementation can be represented as averaging the 

values of the correlation function for the original 

material flow implementation. This behavior can be 

explained by the fact that the average length of the 

approximation interval 1−−= nnn  is 

approximately equal to value   1.0 nM . 

To implement the input material flow, constructed 

using a random process value generator for the input 

material flow (11), the correlation function is presented 

in Fig. 5.  

 
a – min max1; 1     = −  =          b – min max1; 3     = −  =  

 
c – min max1; 7     = −  =          d – min max1; 15     = −  =  

 
e – min max1; 31     = −  =          f – min max1; 63     = −  =  

Fig. 5: Correlation function ks()for implementing the generated values of the input material flow at time interval  maxmin ,   
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For generation time interval   [–1; 1], 

corresponding to the initial implementation for 

dimensionless material flow (), the correlation 

functions for the original and generated 

implementations are quite different (Fig. 5, a). 

A double (Fig. 5, b) and quadruple (Fig. 5, c) 

increase in the generation time interval led to the 

convergence of the two correlation functions.  

A further increase in the time interval of 

generating values of the input material flow leads to the 

fact that the correlation function of the generated 

material flow takes the form in accordance with the 

expression (20) obtained above. The distribution 

densities of random process () values for each variant 

of the correlation function in accordance with the length 

of the generation time interval are presented in Fig. 6. 

 

      
a – min max1; 1     = −  =           b – min max1; 3     = −  =  

      
c – min max1; 7     = −  =           d – min max1; 15     = −  =  

      
e – min max1; 31     = −  =           f – min max1; 63     = −  =  

Fig. 6: The histogram distribution of generated values  

for the input flow of material ( )s ik   on time interval  min max,   



Advanced Information Systems. 2024. Vol. 8, No. 2 ISSN 2522-9052 

86 

Comparative analysis of statistical characteristics 

for the initial, approximated and generated 

implementation of the input material flow is given in 

Table 2. The characteristics of the generated 

implementation of the input material flow are given for 

interval   [–1; 63]. The implementations of the input 

material flow, which are given in Table 2, have similar 

values of the mathematical expectation and standard 

deviation. 

Let us consider the implementation of the input 

material flow generated in accordance with the 

canonical expansion of the random process (11) on 

interval   [–1; 1] (Fig. 7). The histogram of the 

distribution of dimensionless values of the input 

material flow in this case, as well as the correlation 

function, are quite different from the histogram of the 

distribution of dimensionless values of the initial 

implementation of the input material flow. 

 
Table 2 – Comparative analysis of the characteristics of the implementation of the input material flow 

Parameter 
Original 

implementation 
Approximated implementation 

The generated 

implementation 

Mathematical expectation 1.0000000 1.0073338 0.9766413 

Standard deviation 0.2996297 0.2839282 0.2857810 

Maximum value 1.4197871 1.3545927 1.9190534 

Minimum value 0.0000000 0.0000000 0.0843052 

 

 
Fig. 7: An input material flow ( )  :  

blue line is implementation of the input material flow based on experimental data;  

black line is generated implementation of the input material flow 

 
Increasing the interval for generating random 

values of the input material flow leads to the fact that 

the distribution law of the values of the generated 

implementation of the input material flow approaches 

the normal distribution law, but is not a normal 

distribution law. Thus, the used canonical expansion 

(11) with expansion coefficients of n can be accepted 

for the analysis of input material flows only as a zero 

approximation. Further research is required to clarify 

the choice of the type of distribution law for random 

variables n, which are used as coefficients of the 

canonical expansion (11). However, despite similar 

correlation functions (Fig. 4) and similar values of 

statistical characteristics (Table 2), the presented 

material flows differ significantly. The type of 

distribution law for the values of the input material flow 

has a significant impact on the generation of values the 

implementation of the input material flow. 

Conclusions 

The current problem of generating a data set for 

training a neural network in a model of a branched, 

extended transport conveyor is considered. To generate 

a training data set, a method is proposed for 

constructing implementations of the input material flow 

with given statistical characteristics using a generator of 

random values of the input material flow. 

To solve the problem of generating a data set for 

training a neural network, a two-stage method for 

constructing an implementation of the input material 

flow is proposed.  

An approximation of the experimental 

implementation of the input material flow by a 

canonical decomposition with given coordinate 

functions in order to determine its statistical 

characteristics is performed at the first stage. At the 

second stage, the statistical parameters of the 

decomposition coefficients used to generate random 

values of the input material flow are calculated.  

An estimate is given of the minimum length of the 

time interval required to generate random values. It is 

shown that the length of the time interval has a 

significant impact on the statistical characteristics of the 

constructed implementation of the input material flow. 
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Метод формування набору даних для навчання нейронної мережі  

у моделі транспортного конвеєра 

О. М. Пігнастий, Г. К. Кожевніков, А. Бурдук 

Анотація .  Об’єкт дослідження – стохастичний вхідний потік матеріалу, що надходить на вхід транспортної 

системи конвеєрного типу. Предмет дослідження — розробка методу генерування значень стохастичного потоку 

вхідного матеріалу транспортного конвеєра для формування навчального набору даних в моделях транспортного 

конвеєра, заснованих на нейронній мережі. Метою дослідження є розробка методу генерування випадкових значень для 

побудови реалізацій вхідного потоку матеріалу транспортного конвеєра, що має задані статистичні характеристики, 

розраховані на основі результатів попередньо виконаних експериментальних вимірювань. Результати дослідження. У 

статті пропонується метод формування набору даних для навчання моделі нейромереж розгалуженого протяжного 

транспортного конвеєра. Розроблено метод побудови реалізацій стохастичного вхідного потоку матеріалу 

транспортного конвеєра. Введено безрозмірні параметри, що дозволяють визначити критерії подібності для вхідних 

потоків матеріалу. Стохастичний вхідний потік матеріалу представлений у вигляді розкладання в ряд координатних 

функцій. Для формування статистичних характеристик використано реалізацію потоку матеріалу, побудовану на 

результатах експериментальних вимірювань. Як нульове наближення для коефіцієнтів розкладання, що є випадковими 

величинами, використано нормальний закон розподілу випадкової величини. Показано, що зі збільшенням часового 

інтервалу для реалізації вхідного потоку матеріалу функція кореляції згенерованої реалізації наближається до 

теоретично визначеної функції кореляції. Виконано оцінку довжини часового інтервалу для згенерованої реалізації 

вхідного потоку матеріалу. 

Ключові  слова:  транспортний конвеєр; нейронна мережа; стохастичний процес; генератор набору даних; потік 

матеріалу. 
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