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Abstract. The following article studies research on cognitive technologies and
their application in the transportation of mining waste. Special attention is paid
to the development and implementation of intelligent systems which are able
to automate the processes of monitoring, analysis and waste recycling. There
were discussed the examples of using machine learning and artificial intelligence
to improve the efficiency of waste management, minimize their negative impact
on the environment and improve the economic indexes of companies. Cognitive
technologies allow transport companies to expand their functions in summarizing
and processing huge volumes of structured and unstructured data, use machine
learning tools for data analysis, execute queries and get the most accurate answers,
at the same time ensuring the safety of cargo. In order to increase the effectiveness
and speed of transportation, customer service at all stages and at the same time
reduce the effect of the “human factor”, it is necessary to develop an offer that
will be most optimal for everyone.
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1 Introduction

Waste from the mining industry includes ore enrichment tailings, slag, and other mate-
rials. These waste materials can be repurposed to create new facilities, such as road
construction or waste storage sites.

Nowadays, in Kazakhstan, waste disposal and recycling of the mining and metallur-
gical industry byproducts are acute issues.

Efficient supply chain management for waste processing involves considering eco-
logical and economic factors, developing optimal transportation routes, implementing
paperless technology, accounting for the chemical and physical composition of waste,
risks during transportation and assessing the condition of transportation infrastructure
and rolling stock.

By using cognitive technologies, artificial intelligence complements and extends
human capabilities, assisting organizations to implement innovations, improving effi-
ciency, and making conscious decisions about capital projects.
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2 Research Methods

The integration of IoT technology in cargo transportation offers promising solutions. A
key stage in supply chain management is appropriate transportation and waste collection
from the generating node to the regeneration center or disposal site [1].

In the article [2] a link between two areas of study was identified: sustainability and
cognitive studies.

The study [3] presents the significance and application of technologies enabling
Industry 4.0, such as the Internet of Things, Al, cloud computing, blockchain, big data
and digital twin, to achieve sustainable supply chain management (SCM).

Protecting confidential data to enable seamless collaboration and sharing is studied in
[4]. Integration of registry systems involves ensuring interoperability between multiple
platforms, facilitating the seamless exchange of information between subjects of green
and blue economy initiatives.

By using recycling methods, waste can be used as an energy resource [5]. Therefore,
recycling is a great way to promote sustainable development because it can reduce
environmental impacts and economic costs, and increase employment of the population,
so waste recycling is an important technological task.

In different mining locations, waste mass can fluctuate depending on the time of
year. One effective solution to this problem involves precise information systems and
intelligent planning [6]. For instance, managers can utilize Internet of Things (IoT) sys-
tems to track waste shipments. [oT facilitates communication between various electronic
devices using diverse identification methods.

Blockchain is one of the excellent technologies for digitizing and decentralizing
freight supply chain data, as it can simultaneously use QR codes [7, 8] to make digital
data more accessible to consumers, especially through smartphones.

3 Results

QR code [9—11] is an efficient means of information transmission that is now widely used
in various applications including freight tracking, mobile payments for transportation,
advertising, shipping documents, and many other areas. The QR code consists of 40
characters (to convey various useful data) and 4 user-selectable error correction levels
(ECLs). L, M, Q and H, which can be changed by 7%, 15%, 25%.

Cloud computing (cloud) [12, 13] is a computing model that provides universal and
convenient on-demand network access to a shared network of computing resources such
as networks, servers, storage, applications and services. It can be quickly delivered and
launched with minimal administrative effort or interaction with service providers [14].
Key features of cloud computing include broad network access, on-demand self-service,
fast fault tolerance, resource pooling, and measured service [15].

In the context of Industry 4.0, production systems have been upgraded to an intel-
ligent level. Intelligent manufacturing uses advanced informational and manufacturing
technologies to provide flexible, intelligent and reconfigurable production processes in
line with dynamic global markets [16]. This provides access to all physical processes
and information flows when and where they are needed, in the entire production supply
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chain, various industries, from small and medium-sized enterprises to large corporations
[17, 18]. Some technologies also support artificial intelligence (Al), allowing production
systems to learn from their own experiences and eventually implement interconnected,
intelligent and universal manufacturing practices.

Intelligent manufacturing is a production concept which is aimed at optimizing the
production and transportation of products by maximizing the use of advanced informa-
tion and manufacturing technologies [19]. It represents a new production model based
on intelligent science and technology, significantly improving production, transporta-
tion, management and integration throughout the supply chain. This leads to increased
production efficiency, product quality and service levels [20]. The competitiveness of
manufacturing companies can be improved by their ability to adapt to the dynamics
and fluctuations of the transport market. One of the realizations of this concept is the
Intelligent Production System (IMS), which is considered the next generation of produc-
tion systems created through the introduction of new models, forms and methodologies
to transform traditional production systems into intelligent systems [21]. In the era of
Industry 4.0, IMS uses service-oriented architecture (SOA) over the Internet to create
highly integrated systems of controlling people and machinery, which provides end users
collaborative, configurable, flexible and reconfigurable services [22].

Information and communication technologies (ICTs) refer to advanced information
technologies in which special attention is given to the integration of unified commu-
nications and telecommunications and other technologies that can store, transmit, and
manipulate data or information [23]. It has been found that ICTs have a clear impact on
the organization of companies, so the best ICT for business managers and employees is
associated with greater autonomy and a wider range of control [24]. For example, ICT
enables the safety of the transportation process.

4 Discussion of the Results (Discussion)

In the context of Industry 4.0 people and machines work together using cognitive tech-
nologies in the production sphere. Intelligent machines utilize speech recognition, com-
puter vision, machine learning and advanced models of synchronization [25] to help
people do most of their work.

If waste transportation is taken as an example, then multi-agent technology can
be used for parallel control of robots with agent architecture and distributed agents to
facilitate the implementation of intelligent production [26].

Artificial intelligence plays a revolutionary role in modern transport systems. The
article [27] discusses the role of artificial intelligence in rail transport and its potential
effect on the sector. There are different types of artificial intelligence technologies used
in this sector, the benefits of artificial intelligence in this field are explored and the
challenges in the use of artificial intelligence in rail transport are discussed. Artificial
intelligence is found to be revolutionary in rail transport systems, increasing efficiency,
safety and overall productivity. There are several ways of how Al impacts rail transport
and its effect on the cognitive load of human resources.

In a waste transportation there may be a situation of using multimodal transporta-
tion: road transport — rail transport — water transport. In that case paperless document
management technology will play an important role here [28].
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At the same time, attention must be paid to reducing carbon dioxide emissions into
the atmosphere. The article [29] questions if it is possible to completely reduce CO2
emissions, especially in the transport sector. In the article special attention is given to
the problems of achieving a high level of sustainability, as the United Nations defined.
Mini of sustainability in rail and road transport are analyzed and described. The results
show the benefits, the dangers and the problems of the given solutions.

The peculiarity of the cognitive multimodal transport system is that in addition to the
first cognitive cycle which covers each type of transport, the 2nd contour of the cognitive
cycle appears, covering all types of transport at the same time.

The study [30] focuses on policies that can enhance sustainable mobility, increase
energy efficiency and reduce environmental pollution. The results can help optimize
hybrid vehicle technologies in an environmentally friendly manner and study possible
new paths for sustainable transport solutions.

The main advantages and disadvantages of the MACC tool are shown in [31], where
they identify if the curve is the only method for analyzing and developing political and
business decisions or if the tool should enhance the methodology to increase scientific
consensus.

Analysis of studies shows that using cognitive technologies in industrial waste man-
agement opens up new opportunities to increase the efficiency and sustainability of
production processes. The integration of artificial intelligence and machine learning can
significantly improve the monitoring, forecasting and waste recycling, minimizing its
negative influence on the environment. Furthermore, the use of these technologies opti-
mizes resources and reduces operating costs, which makes them economically profitable
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for companies. Future perspectives show that the further development and implemen-
tation of cognitive technologies will be a key factor in forming more environmentally
responsible and sustainable industrial practices.

Figure 1 presents the areas of research on the application of cognitive technologies in
waste transportation. Analysis of the reviewed literature shows that the largest number of
studies on Artificial intelligence. It is necessary to more thoroughly analyze the research
on Digital doubles.

Acknowledgement. This research is funded by the Committee of Science of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. BR21882292 — “Inte-
grated development of sustainable construction industries: innovative technologies, optimization
of production, effective use of resources and creation of technological park”).

References

1. Rekabi, S., Sazvar, Z., Goodarzian, F.: A bi-objective sustainable vehicle routing optimization
model for solid waste networks with internet of things Supply Chain Analytics, Volume
5, March 2024, https://doi.org/10.1016/j.sca.2024.100059 L.S. Jacobs and C.P. Bean, “Fine
particles, thin films and exchange anisotropy,” in Magnetism, vol. III, G.T. Rado and H. Suhl,
Eds. New York: Academic, 1963, pp. 271-350

2. Szalmane Csete, M.: Exploring the field of cognitive cognitive sustainability, Vol. 3. no.1,
p. 4-9 (2024) https://doi.org/10.55343/cogsust.99

3. Chauhan, S., Singh, R., Gehlot, A., Akram, S.V., Twala, B., Priyadarshi, N.: Digitalization of
supply chain management with industry 4.0 enabling technologies: a sustainable perspective.
Processes, 11, 96 (2023). https://doi.org/10.3390/pr11010096

4. J,C. P, & J, D. (2023). BluBSIoT: Advancing Sustainability through Peer-to-Peer Cross-
Ledgering in Social Internet of Things . Cognitive Sustainability, 2023, vol. 2, issue 2, pp
33-43 https://doi.org/10.55343/cogsust.60

5. Mamashli, Z., Nayeri, S., Tavakkoli-Moghaddam, R., Sazvar, Z., Javadian, N.: Designing
a sustainable—resilient disaster waste management system under hybrid uncertainty: a case
study. Eng. Appl. Artif. Intell. Artif. Intell. 106, 104459 (2021). https://doi.org/10.1016/j.eng
appai.2021.104459

6. Shirazi, H., Kia, R., Ghasemi, P.: A stochastic bi-objective simulation—optimization model
for plasma supply chain in case of COVID-19 outbreak. Appl. Soft Comput.Comput. 112,
107725 (2021)

7. Dey, S., Mondal, K., Nath, J., Nath, A.: Advanced Steganography Algorithm Using Ran-
domized Intermediate QR Host Embedded with Any Encrypted Secret Message: ASA_QR
Algorithm. Int. J. Mod. Educ. Comput. Sci. 4, 59-67 (2012)

8. Huang, P.C., Chang, C.C., Li, Y.H., Liu, Y.: Efficient QR code secret embedding mechanism
based on Hamming code. IEEE Access 8, 86706-86714 (2020)

9. Dey, S.: Sd-eqr: A new technique to use QR codestm in cryptography. arXiv 2012, arXiv:
1205.4829 (2012)

10. Dey, S., Agarwal, S., Nath, A.: Confidential encrypted data hiding and retrieval using QR
authentication system. In: Proceedings of the 2013 International Conference on Communi-
cation Systems and Network Technologies, Gwalior, India, 6-8, pp. 512-517 (2013)

11. Dey, A.S., Nath, B.J., Nath, C.A.: A new technique to hide encrypted data in QR codes
(TM). In: Proceedings on the International Conference on Internet Computing (ICOMP), The
Steering Committee of The World Congress in Computer Science, Las Vegas, NV, USA,
16-19, p. 1 (2012)


https://doi.org/10.1016/j.sca.2024.100059
https://doi.org/10.55343/cogsust.99
https://doi.org/10.3390/pr11010096
https://doi.org/10.55343/cogsust.60
https://doi.org/10.1016/j.engappai.2021.104459
https://doi.org/10.1016/j.engappai.2021.104459
http://arxiv.org/abs/1205.4829
http://arxiv.org/abs/1205.4829

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Review of the Study on the Cognitive Technologies 319

. De Donno, M., Tange, K., Dragoni, N.: Foundations and evolution of modern computing

paradigms: cloud, iot, edge, and fog. IEEE Access 7, 150936-150948 (2019)

. Qi, Q., Tao, F.: A smart manufacturing service system based on edge computing, fog com-

puting, and cloud computing. IEEE Access 7, 86769-86777 (2019). https://doi.org/10.1109/
ACCESS.2019.2923610

Bohn, R.B., Messina, J., Liu, F.,, Tong, J., Mao, J.: NIST cloud computing reference architec-
ture. In: Proceedings of the 2011 IEEE. World Congress on Services, Washington, DC, USA,
4-9 July 2011, pp. 594-596

Dey, S., Saha, S., Singh, A.K., McDonald-Maier, K.: FoodSQRBlock: digitizing food pro-
duction and the supply chain with blockchain and QR code in the cloud. Sustainability 13(6),
3486 (2021)

Shen, W., Norrie, D.H.: Agent-based systems for intelligent manufacturing: a state-of-the-art
survey. Knowl. Inf. Syst.. Inf. Syst. 1, 129-156 (1999)

Wan, J., Tang, S.,Li, D., Wang, S., Liu, C., Abbas, H., et al.: A manufacturing big data solution
for active preventive maintenance. IEEE Trans. Ind. Inform. 13(4), 2039-2047 (2017). https://
doi.org/10.1109/J10T.2021.3074382

Wang, S., Wan, J., Li, D., Zhang, C.: Implementing smart factory of industrie 4.0: an outlook.
Int. J. Distrib. Sens. Netw.Distrib. Sens. Netw. 12(1), 3159805 (2016)

Kusiak, A.: Intelligent Manufacturing Systems. Prentice Hall Press, Old Tappan (1990)
Davis, J., Edgar, T., Porter, J., Bernaden, J., Sarli, M.: Smart manufacturing, manufacturing
intelligence and demand-dynamic performance. Comput. Chem. Eng.. Chem. Eng. 47, 145—
156 (2012)

Zhong, R.Y., Xu, X., Klotz, E., Newman, S.T.: Intelligent manufacturing in the context of
industry 4.0: a review. Engineering 3(5), 616-630 (2017). https://doi.org/10.1016/J.ENG.
2017.05.015

Feeney, A.B., Frechette, S.P.,, Srinivasan, V.: A portrait of an ISO STEP tolerancing standard
as an enabler of smart manufacturing systems. J. Comput. Inf. Sci. Eng.Comput. Inf. Sci.
Eng. 15(2), 021001 (2015)

Hashim, J.: Information communication technology (ICT) adoption among SME owners in
Malaysia. Int. J. Bus. Inform. 2(2), 221-240 (2007)

Bloom, N., Garicano, L., Sadun, R., Van Reenen, J.: The distinct effects of information
technology and communication technology on firm organization. Manage. Sci. 60(12), 2859—
2885 (2014)

Antrobus, V., Burnett, G., Krehl, C.: Driver-passenger collaboration as a basis for human-
machine interface design for vehicle navigation systems. Ergonomics 60(3), 321-332 (2017)
Priego, R., Iriondo, N., Gangoiti, U., Marcos, M.: Agent-based middleware architecture for
reconfigurable manufacturing systems. Int. J. Adv. Manuf. Technol. 92(5-8), 1579-1590
(2017)

Ficzere, P.: The role of artificial intelligence in the development of rail transport. Cogn.
Sustain. 2(4). 37-41 (2023). ISSN 2939-5240

Bekzhanova, S. Botakoz, 1., Khaibullin, R., Muratbekova, G., Altayeva, Z.: The algorithm
of an intelligent transport system with the formation of information technology capabilities.
Des. Eng. (9), 6079-6090 (2021). ISSN: 0011-9342

Luchishin, K.: Sustainable transport — development and goals. Cogn. Sustain. 3(1), 32-37
(2024). https://doi.org/10.55343/cogsust.92

Zsombok, I.: Investigating energy management of hybrid vehicle technologies to promote
sustainable mobility paradigms. Cogn. Sustain. 3(1), 38—44 (2024). https://doi.org/10.55343/
cogsust.96

Jimenez Gomez, P.P.: Marginal abatement cost, a literature review. Cogn. Sustain. 2(2), 13-18
(2023). https://doi.org/10.55343/cogsust.58


https://doi.org/10.1109/ACCESS.2019.2923610
https://doi.org/10.1109/ACCESS.2019.2923610
https://doi.org/10.1109/JIOT.2021.3074382
https://doi.org/10.1109/JIOT.2021.3074382
https://doi.org/10.1016/J.ENG.2017.05.015
https://doi.org/10.1016/J.ENG.2017.05.015
https://doi.org/10.55343/cogsust.92
https://doi.org/10.55343/cogsust.96
https://doi.org/10.55343/cogsust.96
https://doi.org/10.55343/cogsust.58

	Review of the Study on the Cognitive Technologies of Transporting Waste from Mining Industry
	1 Introduction
	2 Research Methods
	3 Results
	4 Discussion of the Results (Discussion)
	References


