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Abstract— In this paper, the statistical characteristics of the flow of material entering the input of a
conveyor-type transport system are studied. For a set of data obtained as a result of experimental
measurements of the input flow of material, the law of distribution of a random variable and the
correlation function is investigated. Theoretical assumptions about the law of change of the correlation
function for the input flow of material are confirmed.
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I. INTRODUCTION

Belt conveyors are widely used in the mining industry, as they have relatively specific low
costs for transporting rock [1]. Despite its apparent simplicity, a transport conveyor is a complex
dynamic distributed system Fig.1, Fig.2. The operation of such systems is associated with high
energy costs. The total length of the modern transport system exceeds 100 km, and the length of a
separate section is up to 20 km. The main characteristics of modern conveyor-type transport
systems are presented in [2, 3, 4].
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Fig.1. The long conveyor from India to Fig. 2. The longest belt conveyor system
Bangladesh (16.5 km) (Western Sahara), more than 100 km
conveying length (11 flights of up to
11.7 km) [2]

Optimal control of the flow parameters of the transport system makes it possible to reduce
specific transport costs by up to 30% [5]. To reduce specific transportation costs, belt speed control
systems [6, 7], material consumption at the output of the bunker [8, 9], and energy management
methodology [10, 11] are used. In this regard, the further development and synthesis of new
algorithms for optimal control of the flow parameters of a conveyor-type transport system is an
actual problem [12]. Of particular interest to researchers of transport systems are models based on
neural networks [13, 14, 15]. One of the key issues in building such models is the availability of
data sets for neural network training.
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Il. RELATED WORK

The main models that are usually used to design optimal control systems for the transport
conveyor flow parameters are numerical models. The foundation of these models is the finite
element method, finite difference method, Lagrange method, system dynamics method. A detailed
review of the conveyor systems models shows that these models are used to determine the dynamics
of changes in the individual conveyor section flow parameters [5]. It is necessary to note that the
use of numerical models for the development of algorithms for optimal control of the transport
system flow parameters causes significant difficulties and requires significant computational
resources. The analytical PiKh—-model [16] is a successful tool for describing transport systems
consisting of dozens conveyor sections. The model of an individual section consists, as a rule, of
two basic equations. Projected, a transport system which contains one hundred separate sections is
described by a model of two hundred equations. As a result, the analytical model requires
significant computational, and most importantly, time resources. The reaction time of the control
system, which is based on an analytical model for such number of sections, may exceed the
maximum allowable. Therefore, the analytical model did not solve the problems that occurred when
using numerical models but moved the applicability of the model to a much larger number of
conveyor sections.

Along with the numerical models considered above, there are many studies devoted to the use
of neural networks [13, 14]. The studies demonstrate that the most important advantage of control
systems based on models using a neural network is that the response time of a control system is
much smaller than for numerical models. With a significant increase in the number of sections, the
duration of the calculation of the output parameters can be significantly shorter than for a conveyor
system analytical multi-section model. The model using a neural network can be successfully
applied to describe multi-section conveyor systems if there are data to train the neural network.

I1l. METHODOLOGY

To build a transport system model based on a neural network, data sets for training the neural
network is needed. A set of data in the form of a set of input and output flow parameters can be
obtained for functioning conveyor systems. However, this set of data corresponds to a rather narrow
mode of operating parameters of the production system, and it can be used to improve the existing
transport conveyor control system and is not suitable for designing control systems for new
transport systems. This circumstance is connected not only with the presence of different operating
modes for the conveyor systems operation, but also with the structure conveyor system: the sections
amount and the interactions between them. In addition to that, in many cases, collecting data for
training is not possible.

One of the ways to solve this problem is to build input flow generators, which are based on the
analysis of experimental data. The data sets required for training the neural network must be built in
accordance with a certain law of distribution of the input material flow value. If this condition is not
met, the use of these data sets for training a neural network is inefficient. For that, there is a
necessity to support or decline some assumptions made in publications, in particular, assumptions
about correlation function and the distribution law of the input material flow of working transport
conveyor.

The statistical data of the input material flow was taken for the bucket-wheel excavator
SRs 2000 [17] (Fig. 3, Fig. 4).
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Fig. 3. Input material flow for the SRs 2000
bucket-wheel excavator [17]
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Fig. 5. Capacity distribution density for the
SRs 2000 bucket-wheel excavator
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Fig. 7. Statistical and theoretical distribution
of the input material flow
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Fig. 4. Dimensionless input material flow for
the SRs 2000 bucket-wheel excavator
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Fig. 6. Dimensionless capacity distribution
density for the SRs 2000 bucket-wheel
excavator
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Fig. 8. Correlation function

There is an assumption that the transport conveyor input material flow random variable has a
normal distribution law [18, 19, 20]. In terms of correlation function there are recommendations
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that the correlation functions of the material incoming input flow value can be approximately
represented in exponential form. To test these assumptions histograms for an input material flow
random variable were construct (Fig. 5, Fig. 6).

Obtained in this way statistical distribution of the transport conveyor input material flow value

was compared with theoretical distribution using Pearson's goodness-of-fit test 2.

IV. RESULTS

Comparative analysis of the discrepancy between the statistical and theoretical distribution of
the input material flow does not confirm the assumption that the transport conveyor input material
flow random variable has a normal distribution law. On the other hand, the correlation function
(Fig.8) has a dependence that is quite closely characterized by the theoretical correlation function.
Thus, recommendations that the correlation functions of the material incoming input flow value can
be approximately represented in exponential form are confirmed.

V. DiscussioN

As a result, the implementation of a random process is analyzed. Theoretical assumptions were
tested using experimental data. These results can be used to construct a generator of the input
material flow based on production data. A transport system model based on a neural network
trained by generated in this way data sets can be used in the synthesis of algorithms for optimal
control of the conveyor type transport systems flow parameters. Additional studies are required of
works that present experimental data on the magnitude of the input material flow for modern
transport conveyors.

VI. FUTURE RESEARCH

The present work is the first step in such experimental data multifaceted study. Additionally, to
improve the accuracy of the approximation, it is required to analyze the input material flow
represented by a non-stationary random process, which is considered as a prospect for further
research. An additional problem is to determine the law of distribution of the value of the input
cargo material flow entering the transport system input per time unit.

VII. CONCLUSION

To reduce the specific energy consumption of material transportation using conveyor type
transport systems, algorithms for optimal control of the transport system flow parameters are
required. Using neural network is the contemporary and perspective approach to synthesize such
algorithms. The data sets required for training the neural network must be generated. This data sets
must be generated in accordance with an experimental data. If this condition is not met, the use of
these data sets for training a neural network is inefficient. In this paper, experimental data of the
material input flow is analyzed. It is revealed that the hypothesis put forward about the normal law
of distribution of the material input flow value does not correspond to the experimental data.

The existing recommendations that the correlation functions can be approximately represented
in exponential form are confirmed. Additional studies are required of works that present
experimental data on the magnitude of the input material flow for modern transport conveyors. The
analysis and generalization of the obtained results will make it possible to form a countable number
of relevant data sets which can be used to train neural network.

VIIl. DISCLOSURES
The authors declare that there are no conflicts of interest related to this paper.

REFERENCES

[1]1 O. Pihnastyi and V. Khodusov, "Hydrodynamic Model of Transport System," East European Journal of Physics,
vol. 1, pp. 121-136, 2020, doi: 10.26565/2312-4334-2020-1-11

2022 International Conference on Innovative Solutions in Software Engineering

Ivano-Frankivsk, Ukraine, November 29-30, 2022
105



(2]
(3]

(4]
[5]
(6]

[7]
(8]

(]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

Examples of use, https://conveyorbeltguide.com/examples-of-use.html (accessed Nov. 15, 2022)

"SIMINE - mining for the future,” Mining industry | Market-specific Solutions | Siemens Global,
https://new.siemens.com/global/en/markets/mining-industry.html (accessed Nov. 15, 2022)

O. Pihnastyi and V. Khodusov, "Model of a composite magistral conveyor line,” 2018 IEEE International
Conference on System analysis & Intelligent computing (SAIC), 2018, pp. 68-72

O. Pihnastyi, "Control of the belt speed at unbalanced loading of the conveyor,” Scientific bulletin of National
Mining University, 2019, no. 6, pp. 122-129, doi: 10.29202/nvngu/2019-6/18

|. Halepoto and M. Ugqaili, "Design and Imglementation of Intelligent E_nerg?/ Efficient Conveyor System Maodel
Based on Variable Speed Drive Control and Physical Modeling,” International Journal of Control and Automation,
2016, no. 9 (6), pp. 379-388, doi: 10.14257/ijca.2016.9.6.36

H. Lauhoff, "Speed Control on Belt Conveyors—Does it Really Save Energy?" Bulk Solids Handling, 2005, no.
25(6), pp. 368-377

O. Pihnastyi, G. Kozhevnikov and V. Khodusov, “Conveyor Model with Input and Output Accumulating Bunker,"
2020 IEEE 11th International Conference on Dependable Systems, Services and Technologies (DESSERT), 2020,
pp. 253-258, doi: 10.1109/DESSERT50317.2020.9124996

P. Bardzinski, P. Walker and W. Kawalec, "Simulation of random tagged ore flow through the bunker in a belt
conveying system,” International Journal of Simulation Modelling, 2018, no. 4, pp. 597-608, doi:
10.2507/1JSIMM17(4)445

O. Pihnastyi, G. Kozhevnikov and M. Glavcheyv, "Energkj Management St_rate%/ in the Synthesis of an Algorithm
for Multi-step Conveyor Belt Speed Control,” Lecture Notes in Mechanical Engineering, 2022, pp. 33-42, doi:
10.1007/978-3-030-91327-4_4

R. Granell, C. J. Axon and D. Wallom, "Predicting winning and losing businesses when changing electricity
tariffs,” Appl. Energy, 2014, no. 133, pp. 298-307, dor: 10.1016/j.apenergy.2014.07.098

O. M. Pihnastyi, O. V. Ivanovska and M. O. Sobol, "Synthesis of the algorithm for the flow parameters optimal
control of the reversible conveyor,” Radio Electronics, Computer Science, Control, 2022, no. 2, pp. 210-221, doi:
10.15588/1607-3274-2022-2-20

A. Kirjanow, "The possibility for adopting an artificial neural network model in the diagnostics of conveyor belt
splices,” Interdisciplinary issues in mining and geology, vol.6, pp.1-11, 2016

D. Wigcek, A. Burduk and I. Kuric, "The use of ANN in imfroving efficiency and ensuring the stability of the
copper ore mining process,” Acta Montanistica Slovaca, vol. 24, pp. 1-14, 2019

Xi Pingyuan and Song Yandong, " (S)plication Research on BP Neural Network PID Control of the Belt
Conveyor," JDIM, vol. 9(6), pp. 266-270, 2011

O. Pihnastyi and V. Khodusov, "Calculation of the parameters of the composite conveyor line with a constant
speed of movement of subjects of labour," Scientific bulletin of National Mining University, vol. 4 (166), pp. 138-
146, 2018

W. Kawalec and R. Kr6l, "Generating of electric energy by a declined overburden conveyor in a continuous surface
mine," Energies, vol. 14, pp. 1-13, 2021, doi: 10.3390/en14134030

V. Prokuda, "Research and assessment of cargo flows on the main conveyor transport “PSP Pavlogradskaya Mine,
DTEK Pavlogradugol," Mining electromechanics, vol. 88, pp. 107-111, 2012

V. Zaika, Yu. Razumny and V. Prokuda, "Regulated drives influence on coal flow and energy efficiency of mine
conveyor transport system," Naukovyi Visnyk Natsional. Hirnych. Univer., vol. 3, pp. 82-88, 2015

V. Kondrakhin, N. Stadnik and P. Belitsky, "Statistical Analysis of Mine Belt Conveyor Operating Parameters,"
Naukovi pratsi DonNTU (Seriya elektromekhanichna), vol. 2(26), pp. 140-150, 2013

2022 International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2022

106



