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Abstract  

The characteristics of land are important for network optimization problems in logistics. Due to its large area 

and atypical geographical type, Turkey is good for testing and implementing network optimization in the 

European logistics sector. The main objective of this paper is to present a network optimization model and 

interfaces developed on the Borusan Logistics Less Than Truckload (LTL) management system, namely 

ATLAS LTL. The Model offers a new LTL Hub if necessary or selects the most suitable one by looking at the 

current province-district matches, operational volumetric weight flows, and current transfer center locations. 

To minimize infrastructure expenses and be adaptive to different transportation management systems, Azure 

Serverless Architecture is used. Moreover, the model outputs are served in HTML format as graphics, this 

enables the interpretation of the model outputs easily by end-users. Besides, the system works with more than 

one infrastructure element communicating with each other and it uses serverless architecture that provide, the 

cloud service automatically provides, scales, and manages the infrastructure needed to run the code. Because 

of these features, the system is useful, accessible and sustainable. The importance of this study is to calculate 

the volumetric weight distributions in the province-district distribution centers and try to minimize the cost while 

making this calculation. 

Keywords: LTL hub analysis, supply chain management, less than truckload hub management, serverless 

architecture, cloud system 

1. INTRODUCTION 

As a result of globalization, products, raw materials, materials, semi-finished products, production tools and 

free transportation activities at the international level have become indispensable for their technological 

development. Transportation can be expressed as the reasons that allow the transportation of raw materials, 

materials, semi-finished products, products or people from one point to another [1]. Transportation from a 

broad perspective: It can be defined as the transfer of loads consisting of raw materials, materials, semi-

finished products and products from one point to another without damaging the cargo, at low cost, in 

appropriate times, in a traceable way and in a way that ensures customer satisfaction [2]. Transportation 

activities, which are the most important point of supply chains, both domestic commercial activities and 

international commercial activities are of critical importance. Freight transportation, which provides door-to-

door transportation due to the widespread road network and suitable size transportation vehicles throughout 

the world, is a research area that should be emphasized in terms of the commercial development of countries 

[3]. From the perspective of Turkey, researches reflect the importance of road transport [4]. The daily planning 

of freight operations is one of the biggest challenges in transport logistics. Successfully managing the whole 

LTL operations requires the correct selection of transfer centers. This study proposes a method to generate 

the correct inferences for load distribution by selecting the best transfer centers or the best options for potential 

transfer centers. Being able to make these inferences quickly and easily can be beneficial in terms of efficiency 
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as well as in terms of finance. For this reason, this study also presents easy-to-understand displays and 

dashboards that are critical to act fast. In this study, the solution methodology is developed that will optimize 

the company's daily LTL operations planning in a centralized manner and within an acceptable time frame [5]. 

While designing this methodology, it includes the selection of the most suitable transfer center or the selection 

of the most suitable candidate transfer centers, taking into account the amount of city-district volumetric weight. 

2. METHODOLOGY AND RESULTS 

LTL network analysis provides the user with the most advantageous location for a new transfer center based 

on operational volumetric weight flows, current transfer center locations, and current center-district matches 

[8][10]. 

2.1. LTL Modelling Stages 

The system works on “Serverless Architecture”. Firstly, files are read from Atlas Portal that is operated as user-

interface. Then, inputs are read by the model after they are loaded to Atlas Portal in Azure Data Lake. After 

that, Atlas Portal triggers Azure Function to run model. Started response is returned to Atlas Portal. If user 

select the option of live data, a connection to Atlas DB is provided to fetch live volumetric weight data. Pipeline 

in data factory is triggered by pipeline trigger in Azure Functions. Following that, the inputs are written in Azure 

Data Lake. After then, Batch trigger function is set off and batch task starts. Code files are taken over from 

Azure Blob Storage that is defined as a storage folder in cloud. Azure Batch activate the Linux Server and 

then, the model runs. When the task is completed, output files are written in Azure Data Lake. Paths of output 

files and analysis completed response are sent to Atlas Portal and then, Atlas Portal send the completed 

message to user. The general architecture of the system is indicated in the block diagram in Figure 1.   

 

Figure 1 Block diagram of LTL hub design with serverless architecture 

2.2. Analysis Methodology 

Two types of analysis are offered: “The Capacity of Transfer Center” and “New Transfer Center” [6,9,10].   

 

Figure 2 Transportation scenario 
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The analysis includes four steps. Firstly, Volumetric weight data, district - transfer center mappings are 

combined with hub data. The distances are then matched over the distance table. Then, for “The Capacity of 

Transfer Center” analysis, the volumetric weight amount passing through each center is calculated on a 

monthly basis and the analysis is completed. Thirdly, for the New Center analysis, each candidate district is 

analyzed one by one. Lastly, distance and financial advantage for collection, baseline and distribution are 

calculated, taking into account new flow routes. The general scenario structure is shown in Figure 2. 

2.2.1. Whether or not to come to the transfer center   

 Local Transfer: Volumetric weight can be transferred by stopping at the transfer center in local 

transportation. For example, let's consider that there is a lot of volumetric weight flow between districts 

in X center. If these volumetric weights are considered to come to the transfer center and are included 

in the analysis that may suggest opening a center in X center.   

 Local Direct: Considering that the urban flows do not come to the transfer center, this type of data will    
not affect the analysis and as in the case of X center, the transfer center will not provide extra 

advantages with it [11].   

Figure 3 shows an example of local direct and local direct transfer.   

 

Figure 3 Structure of local transfer and local direct transfer 

2.2.2. The situation where the new transfer center can remove a single district from a city   

 

Figure 4 Transfer scenarios 

In normal cases, a newly opened transfer center from a city is evaluated by considering distance and radius 

(Radius can be defined as services area for distribution and collection operations) when choosing a district. 
However, the direct removal of a single district from a city is not preferred by the operation because of being 

cost and time-consuming operations. Therefore, two more scenarios are created in addition to the normal one 

[7,11]. In this case, distance based scenario is standard scenario. Partial scenario can be explained that a 
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district can be removed from a city if the new center can receive the majority volumetric weight flow of that city. 

Moreover, full transfer can be explained that it has the same logic as partial transfer, but if the new center 

receives the majority from a city, the whole of that city is connected to the new center. Figure 4 shows an 

example of Distance based, partial transfer and full transfer situations. 

2.3. Results 

The outputs of the LTL optimization algorithm are analysis parameters, volumetric weight distribution map, 

city-district total volumetric weight distribution, city-district center mapping and new transfer center map. As 

part of the analysis parameters, the LTL program determines the settings files, the run time, a volumetric 

weight interval, fuel prices, and details of the transfer centers.   

2.3.1. Volumetric weight distribution map  

The graph in Figure 5 shows the distribution of volumetric weights by city on the map. Details about the points 

can be accessed when hovering over them. Control of volumetric weight data is done on this graph.  

 

Figure 5 Distribution of volumetric weights by city on the map 

2.3.2.  City and district total volumetric weight distribution  

Table 1 shows the top three cities with most volumetric weight. This table can be used to calculate, comparison 

can be made according to collection, distribution and total volumetric weight. The distribution of the districts of 

the city can be seen.   

Table 1 Volumetric weight distribution by cities 

Cities Istanbul Izmir Ankara 

Total Volume (m³) 318,183,601 63,581,381.80 58,025,409.00 

Collection Volume (m³) 252,514,753.10 27,227,196.00 18,073,721.10 

Distribution Volume (m³) 65,668,847.90 36,354,185.80 39,951,687.90 

Percantage  39 % 8 % 7 % 

2.3.3. City-District center mapping  

District-based volumetric weight distribution is seen in the graph in Figure 6. The center to which districts are 

connected is shown with gray lines. The color of the dots shows the range in which the total decimals in the 

district. A single range can be displayed by selecting or double-clicking on the legend. The purple lines next to 
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the dots show the direction of the volumetric weight originating from or arriving with that city. The length of the 

purple line symbolizes how dominant that direction is. Figure 6 shows the volumetric weight distribution by 

cities. This table can be used to calculate, comparison can be made according to collection, distribution and 

total volumetric weight. The distribution of the districts of the city can be seen.   

 

Figure 6 District-based volumetric weight distribution 

2.3.4. New center results map  

The graph in Figure 7 summarizes the scenario for a new center on the map. As you can see, the new center 

(orange) affected previous centers (blue) and districts that are connected to it. Detailed information is displayed 

when the cursor is hovered over the points. The chart includes only the best candidates of each province and 

includes the maximum and minimum scenarios of those candidates.   

 

Figure 7 Scenario for a new center on the map 

3. CONCLUSION 

In this study, Turkey's domestic LTL network modeling and the effective operation of this modeling are based 

on. The main purpose is to calculate the total volumetric weight distribution in cities and districts, to calculate 

fuel prices, to evaluate transfer centers and capacity information, to calculate the costs that may occur during 

the total city-district transfer and to minimize the cost according to these results. In addition to these 

optimizations, the most suitable transfer center is selected in order to prevent problems that may arise from 

volumetric weight amount in the city and district. While these process steps are taking place, each candidate 

district is analyzed one by one for the new center analysis. The distance and financial benefits are calculated 
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for the baseline and distribution when evaluating the new flow route. This system works in completely different 

blocks and that is designed wholistic as a single system on the Azure cloud side. It is protected against failure 

situations that may occur due to data security, backup and system density provided by cloud systems. The 

system has a high potential to be developed because it has high access, configuration and sustainability.   

ACKNOWLEDGEMENTS   

Tuğçe Elçi, Deniz Kantar, Ahmet Yesevi Türker and Hasan Güney are members of Data and Artificial 
Intelligence Services in Borusan Logistics.   

REFERENCES 

[1] GÖRÇÜN, Ö. F. Ulaştırma sistemlerine giriş. Köksal Büyük (Ed.), Ulaştırma sistemleri ve yönetimi. Eskişehir: 

Anadolu Üniversitesi Açıköğretim Fakültesi Yayını, 2018, pp. 2-35. 

[2] TUZKAYA, U. R. Taşımacılık yönetimi. Vecihi Yiğit (Ed.), Lojistik yönetimi. Erzurum: Atatürk Üniversitesi 

Açıköğretim Fakültesi Yayını, 2020, pp. 31-50.   

[3]  KOBAN, E., & KESER, Y. H. Dış ticarette lojistik. (6. Baskı). Bursa: Ekin Yayınevi, 2015. 

[4] ÖZOĞLU, B., & BÜYÜKKEKLIK, A. (2013). The transportation and logistics sector in Turkish economy: A review 
about growth potential and education infrastructure. The International Journal of Transport & Logistics. 2013, 

vol. 13, pp. 1-10.   

[5] ÖZOĞLU & DEMİRCİ - Ömer Halisdemir Üniversitesi İktisadi ve İdari Bilimler Fakültesi Dergisi, 2021.   

[6]  D., AMBROSINO and M. G., SCUTELLÀ. Distribution network design: New problems and related models. 
European Journal of Operational Research. 2005, vol. 165, no. 3, pp.610-624.  

[7] E., ANGELELLI and M. G., SPERANZA. The periodic vehicle routing problem with intermediate facilities. 
European Journal of Operational Research. 2002, vol. 137, issue. 2, pp. 233-247.   

[8] B. M., BEAMON. Supply chain design and analysis. International Journal of Production Economics. 1998, vol. 55, 
issue.3, pp. 281-294. 

[9] T. G., CRAINIC and G., LAPORTE. Planning models for freight transportation. European Journal of Operational 
Research. 1997, vol. 97, issue. 3, pp.409-438.   

[10] T. G., CRAINIC, N., RICCIARDI, and G., STORCHI. Advanced freight transportation systems for congested urban 
areas. Transportation Research Part C: Emerging Technologies. 2004, vol. 12, issue. 2, pp.119-137.  

[11]  J. F., CORDEAU, G., LAPORTE, M., SAVELSBERG, and D., VIGO. Vehicle Routing. Transportation. 2007, pp. 
367-428.   

  



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

13 

THE QUALITY CONTROL OF THE OUTSOURCING OF LOGISTICS PROCESSES IN THE 
CZECH ENTERPRISES IS UNDERESTIMATED 

1Adam PAWLICZEK, 2Ekaterina CHYTILOVÁ, 1Pavel KOLOŠ, 1Štefan KOLUMBER 

1 Moravian Business College Olomouc, Czech Republic, EU, 

adam.pawliczek@mvso.cz, pavel.kolos@mvso.cz, stefan.kolumber@mvso.cz  

2 Institute of Technology and Business in České Budějovice, Czech Republic, EU, chytilova@mail.vstecb.cz 

https://doi.org/10.37904/clc.2022.4527 

Abstract 

Usual levels of logistics services provided, and their characteristic features are defined the in the paper. The 

main goal of this paper is to describe the current state of application of logistics services outsourcing in the 

Czech Republic, find specifics about their quality control and recommend suggestions for improvement. This 

paper aims to describe the basic parameters of modern logistics services outsourcing, as a results of original 

research. The quantitative research was carried out in the enterprises of different types and sizes in Czech 

Republic with the application of questionnaire survey. The issues of primary research concerned the type of 

services requested and the way of managing supplier-customer relationship within the provision of outsourced 

logistics services. The interpretation of the research results is described in the paper. The paper sets out the 

characteristic features of the current state of management of logistics services’ outsourcing in the Czech 

Republic. The most important research finding shows significant underestimating of outsourced logistics 

services quality control and influencing by the enterprises that outsource their logistics services. This 

awareness and knowledge of connected risk makes possible to strengthen supplier-customer relationships 

and quality in the provision of outsourced logistics services. 

Keywords: Outsourcing, logistics services, quality, supplier-customer relationship 

1. INTRODUCTION  

Subject of the paper is the outsourcing of logistics processes as one of the methods for Value Chain 

Management realization. Further the outsourcing concept is defined as the tailor-made transfer of support 

processes to another organization to achieve the company's strategic goals.  

The motivation of the paper is to monitor the situation of outsourcing and its quality management in Czech 

enterprises. Outsourcing in logistics processes currently represents a wide range of potential services and the 

ways of their implementation. 

The main goal of the paper and connected research is to show preferences of enterprises regarding 

outsourcing of logistics processes. The research questions were formulated like that: 

1) How many logistics companies are operating in Czech Republic and what is the trend? 

2) What are the most popular areas of outsourced logistics services? 

3) What are the most preferred criteria that enterprises use to measure the quality of logistics services? 

4) What tools use companies for the ensuring and improvement of the outsourced logistics services high 

performance? 

The methodology applied in the paper is based on questionnaire research performed in enterprises in 

Moravian-Silesian and Olomouc region. The paper discussion contains short recommendations for the 

business practice. 
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1.1. Definition of logistics services 

The offer of logistics services is constantly expanding. Authors describe 5 basic types of logistic services’ 

providers [1]. Specialized logistics services providers are called third party logistics providers (further referred 

to only as 3PLs). This and other levels of logistics services are presented in Figure 1 [1]. 

 

 

 

 

 

 

 

 

 

 

Figure 1 The levels of logistics services’ providers and type of offered services. 

Authors divide the provision of logistic outsourcing services to single-sourcing and multi-sourcing services. 

The first area considers service outsourcing in a supply chain with one client and one service provider. The 

second area considers several competing service providers [2]. 

1.2.  Literature review 

In Porter value chain concept [3], input and output logistics are part of core business activities. The nature of 

supplier-customer relationships is changing within the concept of GVC (Global Value Chain) [4]. Logistics 

processes are increasingly being replaced by outsourcing [5], that is related with: 

 development of importance of the facility management [6],  

 development of supplier-customer relationship towards long-term narrower relationship [7],  

 application of lean management concept [8],  

To effectively increase the service level, outsourcing has become a major trend in the service industry [2]. The 

scope of outsourcing is constantly growing. Bottane et Rizzi (2006) suggest the Technique for Order 

Preference by Similarity to Ideal Solution and the fuzzy set theory for the selection of the most appropriate 3PL 

service provider [9]. Wallenburg (2009) makes clearer that logistics service providers (LSP) may utilize their 

proactive improvement to create customer loyalty and focus on either cost or performance improvements [10]. 

Hsiao et al (2010) findings show the complex relationships between levels of outsourcing, performance and 

supply chain characteristics [11]. Selviaridis and Spring (2010) offer insights about the dynamics of business 

service exchanges [12]. Peng (2012) states that the good choice of service suppliers is the key to success in 

logistics outsourcing and provides the evaluation and selection of logistics outsourcing service suppliers 

carried out based on Analytic Hierarchy Process [13]. 

1PL 
Producer 

2PL 
Buyer 

3PL 
Forwarding/ contract logistics 

4PL 
Supply Chain  
Management 

5PL 
E-business 

Management of all parties  
of the supply chain  

in conjunction with e-business 

Management  
of the whole supply chain 

Management of complex 
service chains 

Operating of logistics  
by the buyers themselves 

Operating of logistics  
by the producer 
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1.3. Logistics services provision in Czech Republic 

The number of logistics services’ providers in the Czech Republic is fluctuating. Below, in the Figure 2, is the 

development of the number of logistics services providers, enterprises that in the years 2005-2019 were listed 

in their business activities as transport and storage according to the classification CZ NACE 49-53 [14]. We 

can see local maximum in 2008 to 2010 with number around 42 000 logistic companies. As a result of bank 

crisis and investment bubble in that period we can see fall tilt the 2015 and number 38 000 logistics companies. 

After that there is visible new vital revival in new conditions and actualized business models. 

 

Figure 2 The number of logistics services’ providers in the Czech Republic in the years 2005-2019. X axe is 

year, Y axe the number of enterprises. 

Along with the rapid development of economic globalization, the further complicating of geopolitical situation 

and the intense development of information technology, the competition between enterprises is becoming 

increasingly escalated. The logistics outsourcing has become the development trend of enterprise logistics 

operations. The good choice of service suppliers is the key to success in logistics outsourcing. Logistics 

outsourcing can bring great benefits for the enterprise. But in the current market more difficulties exist in the 

choice of enterprise logistics outsourcing services’ suppliers and may even cause failure of logistics 

outsourcing. The main reason is the lack of effective method, how to choose the logistics outsourcing suppliers 

suitable for the enterprise development [13]. 

2. METHODOLOGY 

The quantitative primary research has been realized using questionnaire survey in the year 2019. The number 

of enterprises reached by the survey was 123. The enterprises were situated in regions of Moravia-Silesia and 

Olomouc. 

The business subjects were described by following attributes: 

 Business sector of respondents (production, services, trading). 

 Size of respondents’ company (micro, small, medium-sized, large). 

Main questions of questionnaire were: 

 Do you outsource any logistic processes? 

o If yes, with help of what criteria do you measure the quality of logistic services? 
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o In what area of logistics do you realize outsourcing? 

 Which tool is used in your company for the support of high performance? 

 Which tool is used in your company for the redress of low performance? 

The results of the survey research are presented in the text below. 

3. RESULTS 

The enterprises, participated on survey are described by the size and the branch of business as follows. The 

respondents answered that their main business sector is: 

 services (46 %), 

 production (29 %) and  

 trade (25 %). 

The size of respondent companies is:  

 micro (58 %),  

 small (19 %),  

 medium (13 %),  

 large (10 %). 

The main part of the survey aimed at finding out how companies use outsourcing of the logistics services. The 

results of this part of survey are shown in the next figures and the following text. On the question “Do you 

outsource any logistic process?” 57 % respondents answered NO and 43 % YES. The answers on the question 

“If yes, with help of what criteria do you measure the quality of logistics services?” are shown in the Figure 3. 

We can see that most customers, that outsource their logistics, appreciate timeliness (timekeeping) of delivery, 

absence of errors and flexibility and adaptability of providers’ business as an important quality parameter. 

 

Figure 3 Preferred criteria/ KPI that enterprises use to measure the quality of logistics services 

The results of the question about area of logistic services’ outsourcing are presented in the Table 1. Most 

popular areas of logistic outsourcing are transportation and forwarding followed by stock management, packing 

and completion of packages. 
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Table 1 Most popular areas of logistic services’ outsourcing 

Area of logistics outsourcing Number of answers 

transportation, forwarding 36 

stock management, packing, completion 14 

supplier-customer relationships 6 

supply management 6 

planning 6 

customs services 5 

accounting 5 

none 2 

The answers on the question “Which tool is used in your company for the support of high performance?” are 

shown in the Figure 4. Respondents indicated that most of them do not use any tools to support high quality 

of outsourced logistics services. Some companies support their logistics suppliers by improving their PR 

reputation or they use financial benefits for them. 

 

Figure 4 Overview of the tools used in companies for the ensuring of the high performance 

 

Figure 5 Overview of the tools used in companies for the improvement of their low performance 
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The respondents’ answers on the question “Which tool is used in your company for the redress of low 

performance?” are shown in the Figure 5. Most applied tool is reprimand and discussion about remedial 

actions followed by untying of business contracts. Alternatives are possible financial penalties for low quality 

of provided services. Unlike in the case of prevention, which is underestimated, only circa 7 percent of 

respondents do not solve real quality problem issues. 

4. DISCUSSION 

The main results of the questionnaire survey can be described and characterized as: 

 Number of logistic companies in CR fluctuates from 38 000 to 42 000 in period 2005 to 2019. 

 Most enterprises (57 %) do not outsource any logistics processes. 

 The biggest group of companies (36 %) outsource transport and forwarding services. 

 Most appreciated quality parameter is punctuality and accuracy of services. 

 One quarter (25 %) of enterprises do not use any tools to ensure good performance (prevent failure) of 
outsourced logistics services. 

 Among the activities that help to remedy failed quality performance, prevails negotiation of actions or 

possible untying the business contract. 

Upper findings answer the research questions, and the research results can be understood and interpreted as 

significant underestimating of outsourced logistics services quality control and influencing. The requirements 

for logistics service providers based on other authors can be defined in the following points [15]: 

 Long-term cooperation. 

 Accurate definition of output requirements of logistics services (in contract). 

 Flexibility and complexity of provided services. 

Market development potential for the provision of logistics services is following [16]: 

 The recognition of a greater role of logistics in the company within the concept of transition to process 
management. 

 The reinforcement the segment of providing services at higher levels (3PL-5PL). 

 Wider use of good modern performance tools to ensure long-term cooperation. 

The potential of the logistics services market development in the Czech Republic is based on the ability of 

flexibility and long-term cooperation in the supplier-customer relationship. Most important recommendation 

resulting from the research results is to pay more attention to control of quality of outsourced logistic services. 

Except of good quality od contract, there sounds to influence logistics services provider PR. This 

recommendation based upon research findings can benefit many enterprises which outsource their logistics 

processes. They may implement more diligent controlling processes as well as profound risk analysis. 

5. CONCLUSION  

Logistics services’ provision in the Czech Republic and characteristics of logistics services outsourcing are 

described in the paper. The main results of the paper are based and justified by the summary of realized 

original questionnaire survey in the Moravian Silesian and Olomouc region. Some nonexcepted findings were 

discovered and recommendations with practical implication were formulated. The higher levels of logistics 

services including outsourcing can be declared as the important continuous trend in this area of management. 
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Abstract 

The COVID-19 pandemic has contributed to the fact that the issue of courier, delivery and shipping companies, 

or the entire logistics chain associated with online shopping, is viewed in a completely different way than it was 

before the pandemic crisis. Under the pressure of circumstances, more and more small and medium-sized 

businesses are starting to sell online. In online markets, they are starting to open online stores and invest in 

their own websites and mobile applications, thus reinforcing the already existing multi-channel trend. During 

the COVID-19 pandemic, courier, delivery, and shipping companies saw a massive increase in demand, which 

is also related to the fact that the larger the number of courier, delivery and shipping companies operating in 

the country, the more the companies must share total revenues of the sector. The paper deals with the issue 

of sustainable development of the corporate reputation of courier, delivery, and shipping companies in 

Slovakia, specifically their corporate reputation in the context of the online environment. The research sample 

consists of all 23 companies, belonging to the courier, delivery, and shipping companies and at the same time 

operating on the Slovak market. Their selection is made based on alphabetical order compiled by the Slovak 

online magazine Retailmagazin in the second half of 2021. Online reputation and online reputation 

management contribute to the development of responsible and sustainable business growth in the Internet, 

whereby improving perceived image it is possible to value their intangible assets. The findings identified from 

the sentiment analysis provide an up-to-date and relevant view of the issue of sustainable corporate reputation 

and at the same time provide a knowledge base for continuous research into the impact of the pandemic on 

supply chain management, as well as an empirical basis for applying knowledge to business practice.  

Keywords: Corporate reputation, reputation management, competitiveness, supply and demand chain 

management, Slovakia 

1. INTRODUCTION 

One of the most important elements for service companies is their reputation [1]. Corporate reputation is often 

referred to as an intangible asset that brings many benefits or advantages that can build a business and move 

it forward or destroy it altogether [2]. These intangible assets therefore need to be valued. In this valuation 

process, continuous monitoring of the company's reputation is important to quickly identify potential threats to 

the company [3]. The company's reputation enables companies to gain their competitive advantages leading 

to sustainable performance and is therefore their most valuable asset [4]. In today's digital age, there are a 

large number of threats to corporate reputation, which are now exacerbated by the development of the Internet 

and social media [5].  
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2. LITERATURE REVIEW 

The exponential growth in the importance of corporate reputation in the food industry has led to innovations 
within each link in its supply chain [6]. In the production of products and the provision of services in the 
environment of national economies, the creation of added value is an important factor in the transport sector 
[7]. Progressive digitization and scientific and technological development in almost all areas of life have led to 
the development of a new type of digital customer who has specific requirements for suppliers of goods and 
services and also has specific expectations from them [8], but it is also important to be aware that not all 
customers are able to give up the traditional way of shopping or the traditional perception of products and 
services [9]. At present, customers expect the product to be feasible both in terms of location and time, and 
that their orders will also be completed on time [10]. The shorter the order processing time, the more satisfied 
the customer is. As a result, the customer is then more likely to consider further purchases in the future [11]. 
Because the cost of acquiring a new customer is much higher than the cost of retaining an existing customer, 
customer care is considered highly valued [12]. We include the accuracy and quality of deliveries among the 
basic criteria of customer service [13]. Courier companies should pay attention to providing the highest 
possible standards of customer service. In today's economic reality, the main source of competition is a 
satisfied customer [14]. As part of their efforts to constantly improve the quality of their services, courier 
companies try to adapt the scope of their activities to the needs of individual customers [15]. Current 
competition challenges and threats have been an impetus for courier operators to facilitate the customer 
service quality management process by introducing a wider range of services as well as diversifying their 
operations [16]. The ongoing COVID-19 pandemic has affected global courier companies in a variety of ways. 
Customers were forced to look for alternative courier service providers because reputable brands in the market 
faced the challenge of keeping up with demand, resulting in long delays as well as poor customer service [17]. 
Physical distancing, business blocking and other restrictive measures have had the effect of accelerating 
growing trends in e-commerce. As consumers faced these global constraints related to the COVID-19 
pandemic, Internet users began to shop online more frequently and order basic goods [18] The Internet 
environment is thus an ideal environment for our empirical research, which we will address in the next part of 
our presented study. 

3. MATERIALS AND METHODS 

The main goal of the presented study is to provide an analytical view of the online reputation of courier, delivery, 
and shipping companies operating in the Slovak market, which is the basis of the initial research problem, and 
thus clarify how courier, delivery, and shipping companies are presented in the online environment. The 
research sample will consist of 23 courier, delivery, and shipping companies operating on the Slovak market 
according to the Slovak online magazine Retailmagazin.sk [19]. A simple sentiment analysis [20,21] will be 
chosen as the basic methodological tool for empirical analysis, which can be quantified according to sentiment, 
respectively, the polarity of the top ten search results of a particular entity in a Google search, the level of its 
online reputation. The subject's own name will be used as a search phrase, respectively, company name. 
Subsequently, the search results in each of the ten positions will be quantified based on the following key: 

Table 1 Sentiment rating point scale  

Sentiment/Position result  1 2 3 4 5 6 7 8 9 10 

+           

Positive sentiment 20 19 18 17 16 15 14 13 12 11 

x           

Company owned website 10 9 8 7 6 5 4 3 2 1 

±           

Neutral sentiment 2 2 2 2 2 2 2 2 2 2 

-           

Negative sentiment -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 
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Therefore, in order to minimize the adaptation, respectively, personalization of results, the mode of anonymous 

browsing during the search will be chosen, while only the results of the organic search will be quantified. 

Results marked as ads will not be considered. If there are more links to the test subject's own website within 

the search results, the second to n-th search results of this type will be attributed to neutral sentiment. The 

polarity of the result will be determined based on the data available from the search result link. The same 

procedure will be followed in the analysis of each of the evaluated entities, where a partial reputation indicator 

will be determined for each of the positions and in the next step the total value will be created from their sum. 

The aggregate value for each test subject will then be converted to a percentage. Each of the examined 

subjects will be able to reach the max. 155 points, which will be 100 % in percentage terms, with one percent 

being 0.645 points. The ranking providing an overview of the mutual position of the tested subjects (SA score) 

will be compiled on the basis of the total percentage of online reputation. 

4. RESULTS AND DISCUSSION 

Based on the sentiment analysis, it was found that in the first positions in the search engine, the eighteen 

surveyed courier, delivery and delivery companies were the company's website. This fact can be caused by 

SEO optimization, which aims to optimize the company's website and thus achieve the first ranks in search. 

The second finding from the sentiment analysis is the neutrality of the contributions, which included a site such 

as Wikipedia, where no sentiment was recorded. The negativity of contributions can be justified by customers' 

dissatisfaction with the services provided by transport and logistics companies, whether it is, for example, 

communication and access of couriers when delivering shipments or misleading customers regarding the 

status and time of delivery of their shipments. Selected transport and logistics companies were subjected to a 

basic sentiment analysis. The following table shows the values of individual monitored indicators for each of 

the analyzed subjects as follows: 

Table 2 Determination of sentiment results  

Brand/Position result 1 2 3 4 5 6 7 8 9 10 Score SA (%) 

Bistro.sk 10 2 18 2 16 2 2 13 2 2 44.52 

Bolt Services SK s.r.o. 2 9 2 2 2 2 -14 2 2 2 7.1 

Car Route s.r.o. 10 2 2 2 2 2 2 2 2 2 18.06 

Cromwell a.s. 2 9 2 2 2 2 2 2 2 2 17.42 

Cyklokuriér Švihaj Šuhaj s.r.o. 10 19 2 2 2 2 2 2 2 2 29.03 

DHL Express (Slovakia), spol. s.r.o. 10 2 2 2 2 2 -14 2 2 2 7.74 

DHL Parcel Slovensko spol. s.r.o. 10 2 2 2 2 2 2 2 2 2 18.06 

Direct Parcel Distribution SK s.r.o. 10 2 2 2 2 2 2 2 2 2 18.06 

DoDo Services Slovakia s.r.o. 2 9 2 2 2 2 2 2 2 2 17.42 

Foodpanda 10 2 2 2 16 15 2 2 2 2 35.48 

GEBRÜDER WEISS, s.r.o. 10 19 2 2 2 15 2 2 2 2 37.42 

GLS General Logistics Systems Slovakia s.r.o. 10 2 2 -17 2 2 2 2 2 2 5.81 

GO4, s.r.o. 10 2 18 2 2 2 2 2 2 2 28.39 

IN TIME, s.r.o. 2 2 8 2 2 2 2 2 2 2 16.77 

INSPEKTA SLOVAKIA, a.s. 10 2 2 2 2 2 2 2 -12 2 9.03 

KOLOS s.r.o. 2 2 2 2 2 2 2 2 2 2 12.90 

Packeta Slovakia s.r.o. 10 2 2 2 2 2 2 2 2 2 18.06 

Red Post, s.r.o. 10 2 2 2 2 15 2 2 2 2 26.45 

Slovak Parcel Service s.r.o. 10 2 2 2 -16 2 2 2 2 2 6.45 

Slovenská pošta, a.s. 10 2 2 2 2 2 2 2 2 -11 9.68 

Tatra Billing, a.s. 10 2 2 2 2 2 2 2 2 2 18.06 

TNT Express Worldwide spol. s.r.o. 10 2 2 2 2 2 2 2 2 -11 9.68 

Wolt Slovensko s.r.o. 10 2 -18 17 16 2 2 13 2 2 30.97 
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After determining the sentiment of each of the ten search engine results for each of the courier, delivery and 

shipping companies, the evaluation points were determined based on the sentiment rating point scale from 

Table 1. Table 2 shows the final score. According to the sum of points, it is possible to determine the order of 

courier, delivery, and shipping companies: 1. Bistro.sk, 2. GEBRÜDER WEISS, s.r.o., 3. Foodpanda, 4. Wolt 

Slovensko s.r.o., 5. Cyklokuriér Švihaj Šuhaj s.r.o., 6. GO4, s.r.o., 7. Red Post, s.r.o., 8. Car Route s.r.o. 

together with DHL Parcel Slovensko spol. s.r.o., Direct Parcel Distribution SK s.r.o., Packeta Slovakia s.r.o. 

and Tatra Billing, a.s. with the same score, 9. Cromwell a.s. and DoDo Services Slovakia s.r.o. with the equal 

final number of points, 10. IN TIME, s.r.o., 11. KOLOS s.r.o., 12. Slovenská pošta, a.s. together with TNT 

Express Worldwide spol. Ltd. with the equal final number of points, 13. INSPEKTA SLOVAKIA, a.s., 14. DHL 

Express (Slovakia), spol. s.r.o., 15. Bolt Services SK s.r.o., 16. Slovak Parcel Service s.r.o. and 17. GLS 

General Logistics Systems Slovakia s.r.o ..   

5. CONCLUSION 

If an Internet user looking for information about a particular company does not encounter positive indicators of 

its reputation, this may ultimately affect its perception of the company as a whole. These are mainly potential 

customers who have no personal experience with the company so far, and those who form their opinions only 

based on information obtained from the online environment. Courier, delivery, and shipping companies should 

seek to limit negative publicity and work on their positive publicity by improving it, which can be achieved 

through an active online communication policy, such as disseminating positive information about the company 

through social networks or large reputable online newspaper. The best way to remove negative or neutral 

publicity from the top ten search results is to replace negative publicity with a well-thought-out marketing 

communication policy implemented in an online environment. The most effective model of comprehensive 

online reputation management is the focus on the dominant determinants of reputation, i.e., Google search 

results and active profile management on social networks, as confirmed by Sasko [22], who argues that active 

use of online reputation management tools can significantly facilitate businesses. communication with the 

public, to assist in obtaining and evaluating feedback from the public and in accelerating the implementation 

of measures related to crisis marketing communication.  
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Abstract 

Integrating the cooperation of enterprises in supply chain is distinguished among the key factors enabling the 

achievement of competitive advantage and increasing performance effectiveness. In the supply chain, 

suppliers (of raw materials, materials, semi-finished products, parts), manufacturers, wholesalers, retailers, as 

well as providers of specialized logistics services cooperate with each other. In terms of the development of 

the concept of Green Supply Chain and Sustainable development, the companies operating in reverse logistics 

are also of great importance. This applies to service providers collecting waste and secondary raw materials, 

units disassembling used and spoiled products, companies processing secondary raw materials, as well as 

companies dealing with final waste disposal. Due to the diversity of enterprises participating in the supply chain 

activities, differences in the expected effects of cooperation, as well as the need to ensure continuity and 

security of cooperation, it is important to properly prepare and conduct negotiations, especially in bilateral 

relations. These negotiations are conducted in special conditions, in which the expectations and attitude to 

cooperation depend on the links with other partners. The objective of the paper is to present a concept for 

describing the specificity of negotiations within the supply chain. Firstly the features of supply chain as specific 

negotiations environment are presented. Within the subsequent parts of the paper in order to present the 

features of negotiations within supply chain the methodological framework was applied, comprising the key 

aspects of negotiation’s definition, distinguished on the basis of literature analysis. The summary synthetizes 

the major features of the considered negotiations, and also indicates the directions of research enriching the 

proposed concept. 

Keywords: Negotiations, supply chain, methodological framework, mutual dependence, communication, 

value creation 

1. INTRODUCTION  

Nowadays, cooperation in supply chains requires numerous changes to adapt to new operating conditions. 

The directions of the introduced changes are related to integration of supply chains, focus on cost reduction, 

ensuring of agility, e-business development, globalization, outsourcing and other changing practices in 

logistics. Frequent changes in the environment increase business risk and make supply chains more 

vulnerable to that risk. One of the main issues that require special treatment is to increase the resilience of 
logistics activities to changes in the environment [1]. 

Depending on the type of final product offered through the entire supply chain, there are many different types 

of activities represented by cooperating companies. In terms of the development of the concept of Green 

Supply Chain and Sustainable development, the companies operating the area of reverse logistics are also of 

great importance. All cooperating enterprises form a network in which information flows enable the realization 

of the flow of goods and fastering it. 

Due to the diversity of enterprises participating in the supply chain, differences in the expected effects of 

cooperation, the need to ensure continuity and security of cooperation, it is important to properly prepare and 

conduct negotiations, especially in bilateral relations, in which each of the partners also cooperates with other 

parties and is influenced by these parties. Negotiations are carried out to prepare the contract, as a result of 
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contract incompleteness [2], as well as in cases when preparing to contract termination. Therefore, 

negotiations between partners in the supply chain are conducted in special conditions, in which the 

expectations and attitude to cooperation depend on relationships with other partners. 

Considering the above statements the objective of the paper is to present a concept for describing the 

specificity of negotiation process in supply chain. Firstly, the description of supply chain as specific negotiations 

environment is presented, as. Within the subsequent parts of the paper in order to present the features of 

negotiations within supply chain the original methodological framework was applied [3], comprising the key 

aspects of  negotiation’s definition, distinguished on the basis of literature analysis [4-7], e.g. as a process, 

methods of conflict management and reaching agreement [8], mutual dependence of the parties and processes 

of: decision making, communication, mutual exchange and value creation. The summary synthetizes the major 

features of the considered negotiations, and also indicates the directions of research enriching the proposed 

concept. 

2. ASSUMPTIONS OF RESEARCH 

As the starting point of consideration in this article may be the definition of supply chain management can be 

implemented. In general, supply chain management is treated as a total system approach to managing the 

entire flow of information, products, and raw materials through factories and warehouses to the end customer 

[9-10]. Thus, processes related to supply, production and distribution are carried out in the supply chain, and 

a number of entities are responsible for their implementation, e.g. suppliers, manufacturers, intermediaries and 

recipients. Nowadays, supply chains are characterized by high complexity due to globalization and advanced 

information technology, which results in an increasing intensity of various types of flows between companies 

and customers, as well as in dynamic changes related to global consumption models. In the contemporary 

approach to organization of cooperation in the supply chain, reflected primarily in concepts of Green Supply 

Chain [11] and Sustainable development [12,13], the companies operating in reverse logistics are also of great 

importance. 

In the description of the supply chain as a specific environment in which negotiations are conducted, it is also 

important to indicate the main features that distinguish negotiations between partners in the chain from 

negotiations conducted in other social and economic relationships. From this point of view, in general terms, 

the following features should be highlighted: 

 the need to negotiate within different types of relationships - starting from common, bilateral, including 

e.g. supplier and recipient of goods, supplier or recipient of goods and a specialized logistics service 

provider, to more complex, multilateral relationships, including e.g. supllier, logistics service provider 

and recipient of goods; supplier and several representatives of recipients, sometimes at the same time, 

 taking into consideration various scopes of negotiated issues, depending on the role of a partner in the 
supply chain - negotiations may concern the conditions for the production and delivery of goods, the 

implementation of forwarding services, the performance of certain types of logistics tasks in the delivery 

of goods to recipients, as well as the handling of (combined, used) waste and recyclable products in 

reverse logistics, the use of IT tools supporting logistics cooperation, principles of risk management in 

cooperation, 

 treating negotiations as a process that is carried out both before the start of cooperation (agreeing on 

conditions that should be included in contract), as well as starting this process during cooperation, when 

it is necessary to adapt the rules of cooperation to changes in the environment, 

 taking into account the impact of individual interests of other partners cooperating with each of the 
negotiating parties and on the other hand, also the influence of agreements between negotiating 

partners on other partners, 
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 the need to adjust the expectations in bilateral, trilateral relationships to the most important strategy 

defined for the entire supply chain, 

 ensuring the compliance of the logistic expectations of the negotiating parties with the guidelines 

developed by the provider of complex logistics service integrating activity in the entire supply chain - this 
applies to activities in the chain, the architecture of which takes into account such an integrator of 

logistics activities of partners, responsible for negotiation of new terms of cooperation with individual 

partners in chain, 

 different duration of cooperation, an as a result also the agreed terms between partners - relationships 

in the supply chain may be long-term (participants preparing an offer for the final buyer), but may also 

be short-term (in terms of targeting frequent changes of carriers, when transactions may be one-off). 

It sould be emphasized, that all successive types of companies mentioned above negotiating with partners in 

the supply chain can be treated as a negotiation channel, which stands out among marketing channels together 

with logistics channel, ownership channel, financing channel and promotions channel [14]. The results of 

negotiations in one part of supply chain can affect the terms of cooperation in other, subsequent parts of the 

supply chain. Moreover, activities taken in the negotiations channel affect solutions in other channels. From 

the point of view of the issues covered in this article, the influence of negotiations channel on the logistics 

channel is of particular importance. 

Results of research presented in further parts are based first of all on own experience of authors, on the 

analysis of sources related to the essence of negotiations conductd between companies, sources related to 

the organisation of supply chain logistics, assumptions of success of cooperation in suplly chain, contemporary 

concepts in the development of the supply chain, as well as on the basis of sources on factors influencing 

transaction costs between cooperating parties. 

3. RESULTS OF RESEARCH 

3.1. Conditions for the implementation of the negotiation process in the supply chain 

Negotiations constitute a complex activity extended over time, including a number of sub-processes (stages, 

phases), and within them, detailed activities carried out sequentially, in parallel and\or cyclically, as well as a 

series of events and interactions between the parties to the negotiations. The consequence of treating them 

in such a way is their variability, which makes their modeling difficult. It is the most general and widespread 

way of interpreting negotiations, applicable to most of their cases in socio-economic life. Negotiation processes 

are auxiliary in relation to the basic processes and projects performed by their parties.  

Negotiations do not tend to be structured easily due to their nature. It is rather difficult to programme and 

formalise them via procedures. The models of negotiations are usually too simplified. Many activities, 

especially in the sub-process of conducting negotiations, must be carried out intuitively [15]. 

The main circumstances in which negotiations in the supply chain are conducted these are preparation for 

signing a contract and starting cooperation, as well as changes in operating conditions requiring adaptation of 

the principles of cooperation. The implementation of considered negotiation processes requires direct and 

multidirectional coordination of activities, carried out in networks of numerous interactions. It is necessary to 

consider many different issues in each negotiation process and to achieve various interests and objectives, 

both common and contradictory. The specificity of cooperation in the supply chain may require negotiating with 

many partners at the same time. Moreover, the attitudes of the parties in bilateral relations may be influenced 

by individual, different interests of other partners, as well as by common objectives of entire supply chain, at 

the same time (Figure 1). Therefore, the negotiation processes in the supply chain are very complex, 

changeable and flexible. Considering, in particular, negotiation process conducted in order to agree on the 

principles of adaptation to changes in the conditions of cooperation it is implemented to a large extent 
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spontaneously, as if instinctively, directly in those areas of activity where the problem that requires their use 

arises. 

 

Figure 1 Conditions for negotiations within supply chain (source: own research) 

3.2. Negotiations in supply chain as a method of conflict management  

This is a competitive dimension of the negotiations as their parties strive to achieve their own goals and obtain 

the best possible results. Negotiators have divergent goals and views on particular issues in the scope of the 

negotiations. The contradictions also concern the values, principles, expectations, perceptions, etc., which 

create the emotional context of the negotiation that requires identification due to its significant impact on 

substantive issues. Therefore, in the negotiation process, it is necessary to look for a solution to one or more 

disputable issues, e.g. the resolution of emerging conflicts [16]. 

Numerous and various conflicts occur between participants of supply chain as a result of a great deal of 

interactions among them. Conflicts are resolved on a regular basis, at the moment they occur, with their 

respective parties being responsible for managing them. Conflicts may be related to the lack of understanding 

of expectations of each party to contract, unclear regulations in the contract, which may affect the organization 

of cooperation, as well as technical and technological solutions used in cooperation. In addition, conflicts may 

also be related to opportunistic changes of attitudes of parties, which may appear in connection with changes 

in the environment of cooperation. Considering the positive features of conflicts, especially their motivational 

role, as well as the stimulation of changes that improve organisational performance can be highlighted. It 

should be the interest of each party to the conflict to use this conflict to improve cooperation and, as a result 

to use the advantages of cooperation in the supply chain, as well as to use logistics as a source of competitive 

advantage for the entire chain. 

On the one hand, due to the large amount of data in the area under consideration, a number of potential, 

various conflicts, esspecially during cooperation may arise between the negotiation participants, as a result of 

many various interactions between them. Taking into account the widespread typology of conflicts according 

to C.M. Moore [17], in the discussed case, mainly data conflicts may appear, very often occurring in practice 

and sometimes difficult to recognize, resulting from both their lack and excess, which also causes unnecessary 

disputes. The participants of the negotiations are then not able to properly identify and assess the negotiating 

situation. The data available to them may be unreliable, erroneous, selective, inadequately compiled, etc., or 

differently interpreted by negotiators. Unnecessary data conflicts can cause other unnecessary 

misunderstandings, mainly regarding relationships, and even stimulate real conflicts of interest. 

On the other hand, the increasing speed of action and the virtualization of relationships, and sometimes the 

anonymity of partners, mean that possible conflicts are short-lived or even unnoticeable, they cannot fully 
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reveal themselves, let alone develop. Moreover, it is much more difficult to use competitive negotiation 

techniques, to use the effect of surprise or asymmetry of information, to strengthen bargaining power, to 

threaten and promise, bluff, etc., because the parties are "well-informed". It is much easier to explain the nature 

of possible conflicts, their causes and effects. They are and must be dealt with on an ongoing basis, when and 

where they appear, directly through their website. You can make better use of their positive functions, 

especially stimulating changes that improve performance. 

3.3. Supply chain negotiations as a method for reaching and improvement of understanding 
between parties 

This aspect concerns the intended result of the negotiations, beneficial to all their participants, i.e. satisfying 

their needs. The parties cooperating in supply chain also have common goals. By definition, therefore, they 

are interested in the implementation of negotiations, and especially in their effects, which constitute important 

values for them (tangible and intangible). The cooperation of the parties is therefore necessary to achieve the 

expected level of effectiveness. This, in turn, requires concluding a number of contracts (open and virtual) 

specifying the terms of the agreement between them. Such an interpretation is rarely adopted without 

emphasizing other attributes of the negotiation. It is therefore their cooperative dimension. It does not fully 

reflect their nature, but it is a necessary "logical complement" to another aspect that determines their taking 

up [18]. 

Contemporarily operating conditions make it possible to identify a greater number of potential partners for 

cooperation. There is a higher than usual likelihood of establishing and maintaining positive and beneficial 

relationships with them based on mutual trust [19]. The assumptions of cooperation in the supply chain require 

a reliable analysis of the partners' credibility. Unfortunately, there are some limitations in access to information 

that allows partner verification. Limitations may be related to the lack of knowledge that the types of information 

considered are available, but also the cost of obtaining the information may be assesed as too high. Therefore 

parties to cooperation sometimes resign from obtaining certain types of information or even underestimate the 

value of information for the success of relationship. As a result, there are cases of wrong decisions as to their 

choice and/or disloyalty on their part, related to the abuse of trust [20]. In addition, in the current reality, limited, 

short-term or even virtual contracts are often concluded, which on the one hand may increase flexibility of 

partners, but on the other hand, it increases the risk of losses due to the failure to comply with contractual 

arrangements or the conclusion of incomplete contracts. It should be noted, however, that nowadays, in the 

conditions of applying solutions enabling access to a wide range of data, signals about disloyal or unreliable 

partners may be easily available in the negotiating environment. However, searching for and obtaining them 

can be time-consuming. Generally, the "well-informed" negotiating parties are more likely to establish and 

maintain positive relationships, and are more likely to use cooperative-oriented negotiation techniques. 

3.4. Negotiations as reflection of dependence between parties influenced by a large amount of data 

There is an interaction of the dimensions of cooperation (collaboration) and competition (rivalry), i.e. the 

coexistence of contradictory and convergent goals of negotiation participants. It expresses the efforts of the 

parties to achieve a favorable result, conditioned by the necessity to resolve the conflict between them. Neither 

party can achieve its goals on its own, and at the same time, each of them can help the other in achieving its 

goals. If the partners saw alternative and more effective ways of achieving their goals, they would not negotiate. 

Therefore, this dependence expresses a close relationship between the two previous aspects of negotiations 

definition [21]. 

A large amount of available data and information about participants (suppliers, recipients, service providers) 

on the market and about their offers, on one hand, broadens the group of potential partners and may contribute 

to shaping positive relationships with them. On the other hand, however, the excess of data and information, 

difficulties in identifying the most important of them, as well as difficulties in assessing the reliability of data 

and information sources make it difficult to search for and select the right partners and analyze them in the 
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context of possible negotiations. Competition between potential partners (e.g. suppliers), as well as related 

conflicts, may intensify. Rivalry may lead to the interested party restricting access to some unfavorable 

information. Although, of course, the aim is to shape partnership relations based trust and cooperation 

beneficial for the parties involved, but it is not always possible and/or necessary. Cooperation and competition 

coexist in the form of a coopetition strategy [22]. Moreover, the interactions between the negotiating parties 

are numerous and varied, multi-directional and multi-faceted, symmetrical and asymmetrical, stronger and 

weaker, positive and negative, incidental and permanent, etc., creating complex networks of connections. 

Therefore, they are difficult to identify and shape. 

Along with the excess of information and the related difficulties in assessing the most important of them and 

difficulties in assessing the credibility of the sources of this information, an important problem may also be the 

asymmetry in the access of cooperating parties to the required information. It is the problem considered in 

agency theory, reflected in „agent-principal“ relationship [23]. If the data or information may prove to be 

disadvantageous to the party performing certain tasks/services ordered by principal, the provider may select 

the information for the principal. On this basis, it is possible, that the principal has improper view of results of 

provider’s activity. Principal is not able to react in the right time, by renegotiating the terms of cooperation with 

the service provider or by negotiating the terms of termination of cooperation. 

3.5. Considered negotiations as a decision making process 

This is the most important interpretation of the concept under consideration, as it is aimed at finding solutions 

to the negotiated issues directly by the parties involved [24]. In the preparatory phase, this process is first 

carried out by the parties to the negotiations, that they act usually independently of each other, from the point 

of view of the essence of the company's market activity [25,26]. Each of them analyzes the negotiating situation 

from the point of view of their goals and interests. On this basis, they determine initial solutions to negotiated 

problems based on their own criteria for selecting solutions. At the same time, being involved in the supply 

chain, they have to take into consideration assumptions of strategy of entire supply chain. All these negotiating 

parties iteratively make the necessary arrangements of variants, determining the area of negotiation, i.e. a set 

of acceptable solutions to negotiated problems, based on the analysis of the community and the divergence 

of goals and interests. By adopting common selection criteria and rules, they find a solution acceptable to 

everyone. By disseminating the chain strategy among the participants and their consent to adapt to the 

assumptions of this strategy, the involvement of the leading company (as main coordinator) in the supply chain 

in each individual negotiation is limited. 

The general assumption of the availability of information on the conditions of cooperation in the chain means 

that the information needs of negotiators as decision makers are met much better. This significantly reduces 

the risk of the effects of negotiations and subsequent action on the basis of agreed conditions. It also allows 

for a reliable analysis of the decision-making situation in negotiations, and especially supports the creative 

search and formulation of solution options, which significantly increases the quality of decisions. In this case, 

the difficulty may be the excessive amount of information, requiring its careful selection, as well as the 

aforementioned individual opportunistic attitudes of the negotiating parties, aimed at limiting the access of the 

other party to unfavorable information. 

3.6. Considered negotiations as a communication process 

This process concerns the mutual exchange of information, "penetrating" all activities of the parties in the 

negotiation process, from the initial presentation of positions, through: formulating and exchanging offers, 

shaping relationships, persuading, asking questions and answering, listening, clarifying doubts, etc., to final 

arrangements and drafting the contract [27]. 

With a large amount of data, all negotiating participants have virtually access to most of the necessary 

information in real time. Transparency of communication allows each negotiator to determine how to better 
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achieve the goals. Data and information necessary to undertake joint actions (e.g. included in the part of the 

contract called Service Level Agreement) become public, made available to everyone on the forum. 

By definition, a large amount and variety of data effectively supports negotiation processes in terms of 

information, especially analytical and diagnostic activities in the sub-processes of planning and summing up 

negotiations. In turn, while conducting them, it significantly enriches the tools used in this sub-process, i.e. it 

increases the number and quality of offers, increases the accuracy of arguments, improves the effectiveness 

of questions, facilitates clarification of doubts and the effective selection of negotiation techniques. 

Generally, it allows to meet the information needs of negotiation participants to a greater extent, improves the 

capacity of multidirectional communication channels and increases the usefulness of information in terms of 

its detailed parameters, e.g. reliability, authenticity, proper form, appropriate detail, etc. It is also possible to 

reduce opportunistic attitudes related to access restriction to unfavorable information when the benefits of 

long-term cooperation are exposed, which in the supply chain is based on the benefits obtained by all 

participants. 

3.7. Supply chain negotiations as a process of mutual exchange preparation 

The exchange - through mutual agreements and necessary concessions - takes place on the terms agreed by 

the parties. It is favored by the differences in the hierarchy of their goals, i.e. it seeks to obtain significant 

resources and values, giving back less important but important to other parties in return. It applies not only to 

measurable resources, as well as intangible ones, e.g. ideas, concepts of solutions. This aspect is closely 

related to the previous one, as the communication process is a form of exchange of information as such and 

data about other resources. In this way, negotiation is an effective means of acquiring the value that their 

parties need [27]. 

Cooperation in the supply chain is based on a set of market transactions agreed between partners. These 

transactions can be directly related to the creation of the product offered to the recipients of the chain, but they 

can also be related to the transactions supporting the product development process in the supply chain. 

Therefore, the formation of relationships related directly to manufacturing of a product plays a fundamental 

role. Transactions for ensuring the implementation of support activities are subordinated to product 

development. 

Big datasets generate wider possibilities for the selection of potential exchange partners and their offers. They 

make it possible to obtain and transmit complete and reliable information about the needs of the parties, it is 

easier to obtain data already in the initial stage of negotiations, as they are widely available. Possibilities of 

further, non-equivalent exchange are limited. 

3.8. Considered negotiations as a process of creating value 

The interdependence of the parties and the process of mutual exchange in the negotiations allow the parties 

to the negotiations to achieve mutual benefits by creating additional value, which would not be possible without 

negotiation. These common values are a synergistic effect of the cooperation of the parties. Creating them is 

also possible when one party has something to offer that is not worth much for itself, but is of great value to 

other negotiating participants - and vice versa. By exchanging these values, each side loses little, but gains a 

lot [27]. 

Generating value for the user is one of the attributes of Big Data. Undoubtedly, many of them reflect the various 

values constituting the context of negotiations and at the same time being their subject. Obviously, there may 

be differences in the assessment of the values represented by the participants of the negotiations, although it 

is thanks to these differences that the possibility of reaching an agreement arises [28]. Wider possibilities of 

generating value in negotiation processes concern mainly intangible assets, especially in virtual space, which 

leads to the co-creation and sharing of value by the negotiating parties in the form of innovative concepts and 

ideas, based on exhaustive and easily available information. There may, of course, be the danger of unjustified 
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appropriation of values, and as a result, reliable partners must be relied on in the search for common values. 

In addition, cases of such unethical activities are exposed online and widely stigmatized. In turn, potential 

conflicts of values should be resolved by explaining their causes and mutual conviction about the positive 

impact of different values on negotiations. A large amount of data makes it easier. 

When negotiating the terms of cooperation between partners in the supply chain, value is created in several 

different forms: 

 knowledge of the market of suppliers of goods and services by the potential recipient, including 

awareness of the possibilities and limitations in the scope of the supply of services and goods on the 

market, adequacy of the recipient's expectations towards suppliers, 

 knowing and understanding the expectations of each party, 

 shaping the company's image with a partner, 

 new concepts, approaches, and methods to perform specific tasks, 

 the basis of trust, i.e. the reliance on the partner, 

 related to reliance facilitating orientation to ensure a long period of cooperation, based on benefits for 

each of the negotiating parties, 

 the reliance-related perspective of the possibility of extending and tightening cooperation, 

 synergy effect in the form of developing new, creative solutions. 

Obtaining the above-mentioned values is a prerequisite for achieving the values later in the course of future 

cooperation. This value may apply to e.g. processing of raw material, material into a semi-finished product and 

a finished product, with services adding value to the offer created in the chain, increasing the level of customer 

confidence in the offer. The types and scale of the impact of the negotiated cooperation conditions on the value 

achieved in the supply chain depends on the subject of the negotiated cooperation. 

4. CONCLUSIONS 

On the basis of the considerations presented so far, several guidelines for negotiating the terms of cooperation 

in the supply chain can be presented:: 

 significant acceleration of the implementation of these processes, especially pre-negotiation analysis, 

 significantly increasing the scope of such analysis in a wider negotiating environment, 

 searching for trusted negotiation partners as well as shaping and maintaining positive relations with 

them, 

 on the other hand, exercising particular caution when establishing relationships, i.e. applying the 
principle of limited trust, 

 focus on management of contract risk, related to e.g. with virtual contracts, 

 adopting a broader perspective of entire supply chain activity, when looking for possible solutions, 

 increased flexibility of operation, especially when looking for options for solutions, 

 searching for new strategies and negotiation techniques aimed at finding a balance between cooperation 

and competition, 

 enriching the tools of multilateral negotiation, dominant in contemporary socio-economic life, 

 full acceptance of the multiculturalism of the negotiating environment and its creative use, 

 paying much more attention to information security, 

 using modern systems of supporting negotiations via Internet. 
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The concept of the description of negotiations in the supply chain presented in the article is a preliminary, 

largely hypothetical approach to the issues under consideration, due to the fact that they are relatively new, 

poorly recognized in theory and research, as well as in socio-economic practice. Therefore, the authors will 

strive to enrich and broaden their concept, mainly by searching for more precise characteristics of the 

negotiation processes under consideration. It is also planned to conduct comparative empirical research 

comprising a number of supply chains in order to verify the usefulness of this concept. A promising line of 

research will be to address the more general issue of relationship management, not just the negotiation itself. 
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Abstract 

This article presents the study of the current state of art in the field of application of technology of an 

autonomous forklift for loading and unloading trucks. The ever increasing need for automatization and 

robotization of logistics processes in the automotive industry exceeds from inhouse manipulation to various 

areas of logistics. Recently, the emphasis in terms of automatization in logistics of the automotive industry was 

placed on the process of loading and unloading trucks, which is crucial for inbound logistics of every automotive 

company. There are a number of automated systems for unloading and loading trucks on the market. AGV or 

autonomous forklifts are also one of these technologies. The first part of the article will introduce existing 

technological solutions, including their advantages, disadvantages and limitations. The second part of the 

article will be devoted to the assessment of the feasibility of a model case of side unloading of a truck with 

AGV forklifts in the conditions of the automotive industry. The main goal of this study is to prove if the target 

logistics process can be done with chosen technology. Also, preconditions which must be met and limitations 

that must be overcome will be defined.  

Keywords: Automated guided vehicle, autonomous forklift, automotive, automatization, truck unloading  

1. INTRODUCTION 

At present, the customization and differentiation of the offered products is an increasingly important trend in 

the automotive industry. Another significant trend affecting the automotive industry is the ever-shortening life 

cycle of products and technologies. All this is the result of customer-centric approach, development and 

globalization of the automotive market. These trends lead to an increase in the number of products and product 

variants. This development can be expected to continue as a result of the rise of alternative concepts of 

mobility, changes in customer behaviour, new materials and technologies, all hand in hand with further 

individualisation and personalization of cars. The above trends lead to the need to change the principles and 

characteristics of current manufacturing systems. In addition to the need to adapt manufacturing systems to 

this development, it is necessary to adapt all related logistics processes and systems in the automotive 

industry. One of the tools to achieve this is the development of more flexible and adjustable automotive 

production systems called FMS (flexible manufacturing systems). In connection with FMS, the number of 

implementations of highly flexible and transformable automated logistics systems with the use of AGV 

(automated guided vehicles) or AMR (autonomous mobile robots) technologies is growing. AGV technology is 

becoming more sophisticated, flexible and cheaper. This technology is most widespread in the distribution 

centres of retail companies, but applications are also increasingly appearing in automated logistics systems in 

the automotive industry. AGVs are key elements for the efficient operation of FMS, which are characterized by 

higher requirements for automatic handling systems resulting from their high flexibility and adaptability. 

Efficient and optimized use of AGV is crucial for increasing FMS performance. The implementation of AGV 

technology is an ideal choice for the design of all FMS. AGVs are currently used in industry mainly for material 

handling. However, AGV technology has the potential to address a number of other technical issues. But it is 

not a universal technology suitable for all material handling requirements [1,2]. 
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This paper deals with the potential use of AMR forklift technology for loading and unloading handling units from 

trucks. The subject of research follows from the ever increasing need for automation and robotization of 

logistics processes in the automotive industry exceeds from inhouse manipulation to various areas of logistics. 

Loading and unloading trucks is a key inbound logistics process in every company in the automotive industry, 

and therefore it is a logical effort to automate these processes and utilize the cost saving potential. There are 

a number of different technological solutions on the market for the automation of the target logistics process. 

This article aims to examine the potential of autonomous forklift and identify barriers to implementation and 

shortcomings of technological solutions available in the current market. The second subgoal of the paper is to 

present the feasibility of a model case of side unloading of a truck with AGV forklifts in the conditions of the 

automotive industry. The main goal of this study is to prove if the target logistics process can be done with 

chosen technology and also define preconditions which must be met and limitations that must be overcome. 

1.1. Literature review  

This chapter contains a literature research in the field of AGV technology. Basic terms will be defined in the 

search. Also a various types of navigation will be introduced. An automated guided vehicle (AGV) is a device 

that does not need a human to drive, it is controlled by a computer. This mobile robot is used in logistics for 

material transport or other specific tasks. It is a very suitable tool for repetitive activities and flows. The truck 

is powered by an electric motor, which is powered by a battery and is controlled by special software and 

navigation. In scientific publications, there are a number of different designations for advanced automated 

logistics robots. Some of these designations are as follows: AGV (automated guided vehicles), AMR 

(autonomous mobile robots), MAR (mobile autonomous robots), AMV (autonomously moving vehicles), or 

MAU (mobile autonomous units) [2,3]. Following is definition of mobile logistics robots: “Mobile robots are a 

special form of robots that consist of at least the components drive, control and manipulator and are able to 

move and navigate freely in a given area to fulfil various tasks. [4]” In terms of technological sophistication, 

autonomous mobile robots (AMR) are at a higher level. The definition of AMR is as follows: “Mobile 

autonomous robots are mobile robots that can perceive their surroundings via various sensors and are able to 

react to changes in their environment. They are capable of solving tasks with higher complexity without every 

single process step being explicitly taught. Programming of such devices is in general more task oriented and 

rule based (higher level of abstraction) than jobs of conventional robots. Solutions to problems are generated 

by algorithms in real time to cope with variations in processes. [5] ” All of the above designations are inherently 

correct. More or less, these are synonyms with only minor differences in meaning. The term AGV can be 

considered parental to all others, and the designation AMR refers to AGV with the highest level of control and 

navigation technology [9]. The main way to control AGV is through navigation. This is the basic function that 

determines its direction, speed, and all in real time. The method of navigation is selected based on the tasks 

that the mobile robot will perform. The main navigation technologies of mobile robots are as follows (see 

Figure 1) [6]: 

 Wired Type: Wired-type navigation uses a slot or wire which is cut and placed below the surface.  

 Guide Type: In Guide-type sensor vehicle follows the path of tape or painted line by the help of camera.  

 Laser Type: A beam is transmitted and received form sensor, the time taken by the beam to travel and 

come back helps is determining the distance and angle which helps vehicle in its motion.  

 Gyro based: The navigation can be performed by the help of computer control system which assigns 
and directs tasks to vehicle. Such navigation is performed through gyroscopic sensor.  

 Vision Based: Vision-based AGVs use camera to acquire environment features and made decision 

based on those features to navigate the vehicle. It uses fixed reference to identify any product within the 

warehouse and with this help, vehicle navigates itself [8].  
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Figure 1 Types of AGV navigation [7] 

2. METHODOLOGY 

This chapter will describe the methodological procedure for preparing the study. The individual steps that were 

implemented in order to achieve the objectives of the study will be presented. First, a search of the offered and 

developed autonomous forklift in the area of unloading and loading of handling units from trucks was 

performed. The analysis of the market of autonomous forklifts also included an analysis of the technical 

principles of the functioning of autonomous forklifts and their technological development (navigation, loading / 

unloading of material). Subsequently, the possibilities of implementing autonomous forklift for unloading and 

loading trucks in a selected company from the automotive industry were analysed. The next step was to map 

logistics flows in order to identify current logistics and technological needs. After the market analysis was 

carried out and the needs of selected logistics processes were identified, the initial addressing of selected 

suppliers of autonomous forklift took place. Based on the feedback from the tender procedure with selected 

suppliers, an analysis of the solutions of selected suppliers, their best practices and references to the 

implementation of autonomous forklift was performed. In the next step, further requirements for the 

technological specifications of autonomous forklift the needs of automation of the process of loading and 

unloading trucks emerged. This resulted in KO criteria that the selected technological solution must meet, and 

thus there was a further filtering of potential suppliers. The result of the study was the elaboration of a set of 

recommendations for the implementation of autonomous forklift for a selected logistics process. 

The source of the presented research was a feasibility study of the introduction of autonomous forklift for 

unloading and loading of handling units from trucks. At the beginning of the research, the company from the 

automotive industry required to automate the process of loading and unloading trucks. Due to the current 

operating conditions and the related logistics and production processes, the introduction of autonomous forklift 

with the currently most advanced level of navigation using vision technology was chosen as a priority solution. 

As part of the market analysis of available technologies, 51 manufacturers of potentially suitable autonomous 

forklift were identified. After a more detailed analysis of selected suppliers, 15 manufacturers were shortlisted, 

among which a demand procedure was conducted (Figure 2 and 3 shows examples of autonomous forklift 

from selected supplier). The outputs of the feasibility study were used to develop the presented general 

preconditions and limitations of implementation of autonomous forklift.  

 

Figure 2 ATAB & MAX AGV [11] 

 

Figure 3 Elettric80 - CB MONO DRIVE [11] 
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3. TRUCK LOADING AND UNLOADING WITH AUTNOMOUS FORKLIFT - USE CASE DESCRIPTION 

The main goal of the research was to assess the feasibility of automating the side loading and unloading of 

handling units from the truck in the conditions of the automotive industry. All analyses and research activities 

were based on the specifics of the selected logistics process. The basic characteristic of the process is the 

type of unloaded truck. Several basic types of vehicles / semi-trailers were considered for side unloading of 

standard truck with side entry (canvas). For rear unloading of standard truck with rear entrance (e.g. from a 

ramp). And alternatively a standard 20 or 40 cubic metres container with a ramp. For simplification only one 

type of truck and one type of manipulation unit was considered. 

 

Figure 4 Loading and unloading truck with forklift 

The autonomous forklift is to perform the following tasks: 

1) Lateral unloading of pallets and storage of pallets on the loading area. 

2) Pick up the empty pallet from the consolidation area and load the empty pallet onto the truck. Empty 

pallets are controlled in a 1: 1 ratio with full pallets. 

4. GENERAL PRECONDITIONS AND LIMITATIONS OF IMPLEMENTATON AUTONOMOUS 
FORKLIFT FOR TRUCK LOADING AND UNLOADING 

The following conclusions emerged from a thorough analysis of the autonomous forklift technologies available 

on the market and from the demand management with selected suppliers for the selected simplified use case. 

Unloading trucks is currently the most challenging use case for the implementation of autonomous forklift. 

Unlike logistics processes such as pallet handling, rack storage, etc., there is currently no known and used 

solution for side unloading. Many suppliers consider this use case to be impossible. Other suppliers claim that 

the necessary technology has not yet been developed to implement this solution. Due to the current stage of 

development of the necessary technologies, this application is only suitable for experimental deployment and 

development cooperation with suppliers, but without guarantee and at high cost. Rear unloading works, but it 

is relatively slow and demanding. At present, suppliers are still developing the necessary technologies, but 

nowhere has they been successfully implemented [10,12].  

The most important barriers to the effective implementation of autonomous forklift for truck unloading are: 

 Very high demands on the accuracy of truck stopping (prolongs parking time). 

 Trailer floor height and load placement accuracy in the load compartment.  

 Current technology requires very precise placement of manipulated loads and precisely defined target 

positions (tolerance + - 5-10 mm). 

 Current technology can handle loads from exact point A to exact point B with a minimum tolerance of 
the load position deviation. 

 Very high demands on floor quality. 

 Very low productivity (slow movement speed). 

 Frequent failures, stops and blockages on manipulation areas. 
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 Emergency need for manual forklift intervention. 

 Very long time for unloading (truck drivers delay). 

 Most of current technology is unable to cross the outdoor environment (bad weather conditions, lower 

quality of the outdoor surface and crossings). 

 Current technology can identify the pallet by default. Any "search" requirement (moving from place to 
place and checking the pallet) is feasible, but it is highly time consuming and reduces the efficiency. 

 Due to the relatively low speed of autonomous forklift, it is necessary to take into account the 

implementation of a larger fleet leading to increased traffic density, higher acquisition costs and longer 

returns. 

The preconditions necessary for effective implementation of autonomous forklift for truck unloading are: 

 Fixed and precise position of the pallets in the truck with sufficient reserve. 

 Precise stopping of a standardized truck. 

 Use of standardized handling units and high accuracy of load loading must be ensured. 

 Manually controlled material flows preceding the processes provided by autonomous forklift must be 
standardized (e.g. loading area, loading plan). 

 In order to achieve the required accuracy, it is necessary to automate the processes in the transfer 

points, combine them with other AGV technology or, in the case of connection to manually controlled 

material flows, use mechanical guide elements. 

 Individual negotiations with the manufacturer, pioneering approach. 

 It is recommended to focus on the selection of a supplier with advanced software and a user-friendly 
interface, enabling system self-management. 

 Most of the currently available autonomous forklift are technologically at a comparable level in terms of 

safety, navigation and basic functionalities. 

 Decisive criteria for supplier selection should be price, speed, SW solutions, references and services. 

5. CONCLUSION 

The output of the presented feasibility study of the robotisation process of the truck side unloading in the 

conditions of the company in the automotive industry by means of the implementation of autonomous forklift 

is a summary of general recommendations summarized at the end of the article. The general conclusion is 

that in the current market conditions and at the current level of technological development, this solution is not 

feasible. Technologically, this process is theoretically feasible, but only in almost laboratory conditions and 

with very low efficiency. A sufficiently flexible and reliable solution has not yet been developed for real operating 

conditions. However, robotics is a very fast-growing industry and, given the large rise of AGV technology in 

industrial logistics and the associated requirements for the development of more advanced technologies, it is 

only a matter of time before a suitable solution emerges on the market. If, in today's dynamic and turbulent 

market environment, industrial companies want to maintain the competitiveness resulting from the flexibility 

and efficiency of their logistics and production processes, they should be involved in the development of this 

solution. A suitable approach is cooperation with a supplier of AGV technologies in the form of a pilot project. 
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Abstract  

The paper is focused on interchange nodes between trains and regional buses. Sometimes it is necessary 

to use railway station and bus terminal located at different positions in the municipality. The issue is how 

to improve operational stability and reliability for passengers walking between these stops. State-of-art effort 

by organizing public transport is to minimize transfer time. This is contrast with possible delays of individual 

public transport services. Operational reliability of interchanges may be affected in a negative way. Need 

to walk between stations can amplify passengers’ discomfort. Simulation model designed as result of this 

research will provide possibility to check time schedules of both public transport modes and to indicate 

connections (pairs of trains and buses) with not so good operational stability (high risk to lose connected 

service). The benefit of the model is the fact that it combines microscopic with macroscopic into mesoscopic 

point of view. The case study is focused on interchange node of Přelouč located in the city agglomeration 

of Hradec Králové and Pardubice in the Czech Republic. There are 2 bus terminals in this municipality, the first 

in front of the railway station, the second in distance of ca. 600 m from the railway station. This allows 

assessment of impact of this distance on operational reliability. The model allows transport planners to identify 

which interchanges are unstable. Possible modifications of time schedule can be considered by this model 

as well to protect worsening of stability at different interchanges. 

Keywords: Interchanges, public transport, reliability, simulation, time schedule 

1. INTRODUCTION 

Individual modes of public passenger transport should be interconnected one to another, including trains 

and regional buses. Sometimes it is not possible to construct one terminal for both modes allowing direct 

interchange. It can be caused by historical reasons, terrain topology or other spatial limitations and sometimes 

also by operational reasons. The issue is how to ensure and improve reliability for passengers changing 

between transport means of both modes in such case with necessity to walk between different stations.  

The research is conducted within the project mentioned in acknowledgement of this paper. This project 

is located to the city agglomeration of Hradec Králové and Pardubice in the Czech Republic, ca. 100 km to the 

East from the capital of Prague. Case study is focused on an interchange node of Přelouč, located in this 

agglomeration.  

The locality of Přelouč was selected because there are 2 bus terminals. The main is located close 

to the municipality centre, the second one is in front of the railway station. Distance to be walked between 

railway station and the main bus terminal is ca. 600 m (i.e. ca. 10 minutes of walk). Specific distance between 

departure information tables is 527 m. This configuration creates suitable study conditions to compare both 

ways of interchange organisation (with walk/at the same place).  
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In general, state-of-art effort by organizing public transport is to minimize time needed to change from one 

mode to another. This is in contrast with need to have time reserves for compensation of possible delay. Need 

to walk between stations should amplify passengers’ discomfort in this case of time lack. Operational reliability 

of interchanges should be affected in a negative way. 

Simulation is well-known mathematical modelling procedure. It is widely applied in transport (e.g. simulation 

of road junctions, railway line operation etc.). Stochastic (random) simulation should be applied for this 

research as well. 

The research aim is to create mesoscopic stochastic simulation model as a tool for assessment of operational 

stability (reliability is considered as more general synonym expressing impact on passengers) at interchange 

node where stations of different modes of public passenger transport are not at the same place 

and interchanging passengers must walk.  

Research hypothesis can be stated as follows. When both stations (railway and bus) creating node are not 

at the same place, operational reliability should be worsened (in the point of view of changing passengers). 

Simulation model designed as result of this research will provide possibility to assess time schedules of both 

public transport modes in the point of view of interchanging passengers. It will be able to indicate connections 

(pairs of trains and buses) with insufficient operational stability (high risk to lose the connection).  

The second important function of this model is a possibility to check impacts of possible modifications of time 

schedules (e.g. moving of a selected transport service in time) in complex point of view. It is a prevention that 

removing of one complication does not create a new one. Keeping of system regularity should be checked 

in this way. 

2. STATE-OF ART OF KNOWLEDGE 

Reliability of transport system belongs to its important features. It is very important especially for passengers 

as a criterion of public transport quality. Passengers should consider interchanges as an integral part 

of transport process [1,2].  

Accuracy of trains is about 90 % (as accurate are considered trains with delay less or equal to 6 min) in Sweden 

according to [3]. On the other hand, the value of this accuracy is below 90 % in Norway according to [4]. Similar 

values are valid for the Czech Republic as well, the accuracy was 90.6 % in 2017 and 89.1 % in 2018 [5]. Train 

accuracy is considered more strictly in the Czech Republic (trains with delay ≤ 5 min). These values show that 

such public transport system is suitable for application of line structure based on interchanges, but such system 

becomes more sensitive as well. It means that it is necessary to deal with this topic - reliability of interchanges 

between modes of transport, because each minute of delay can increase passengers’ discomfort by walking 

between stations. It must be mentioned also in context that effort to reduce travel time is state-of-art feature 

of public transport [6]. Balanced solution between reliability and travel time attractivity must be found because 

both aspects have impact on passengers’ decision to use public transport.  

Length of route for interchange, vertical difference and places where passengers should wait (e.g. zebra 

crossings signalized by traffic lights) are mentioned by [7] as main factors influencing transfer time. Gradient 

of the road used by pedestrians and need to climb staircases are considered as main aspects by construction 

of so-called walkability index of the surroundings applied by [8]. Multilevel crossing of pedestrian route and car 

road realized in the way of footbridge and acceptation of it by passengers are assessed by [9].  

Impact of technical measures on transfer time needed to interchange is researched by [10]. They assessed 

that it is possible to increase speed of passengers’ movement by a simple modification of space near doors 

of vehicles. This can also help to reduce transfer time.  
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Overview about simulation tools applicable by modelling of passenger flows at railway stations is provided 

by [11]. Passenger flows at interchange nodes as well as at pedestrian routes in public places by different 

conditions (e.g. in crowd) are modelled by [12-15]. Speed of pedestrians by different values of pedestrian flow 

density for different groups of passengers is researched by [16] using the Viswalk modelling software. 

Microscopic and mesoscopic models are applied as a method for definition of transport demand by [17]. 

Transport demand in relation to time schedule (arrivals, departures, traffic peak and off-peak time periods etc.) 

by aggregated groups of passengers is solved by [18]. Selected aspects of interchange nodes, its configuration 

and features of transport demand after different transport modes (long-distance, regional, sub-urban, individual 

car transport) are solved regarding operational reliability by [19,20]. 

Optimization of interchange connections by transfer between different subsystems of public transport 

is mentioned by [21-23]. Waking distance by interchange between trains and substituting buses applied 

by track closures and its impact on travel time are mentioned by [24].   

3. MODEL 

The character of stochastic (random) simulation models is descriptive, but it is suitable for a lot of transport 

issues. Presented model is developed in the Microsoft Excel application by using of Visual Basic 

for Applications (VBA) programming language. This way allows to develop the model according to our specific 

needs. VBA is a flexible way especially for research purposes like this one.  

The structure of the model as well as the data (to be used as default) were found according to transport surveys 

realized in Pardubice, Hradec Králové, Přelouč, Hlinsko v Čechách, Kolín, Žďár nad Sázavou, Olomouc, 

and Praha (Prague). The scope of surveyed localities is wider than the case study because some elements 

(like escalators) are unavailable in Přelouč. There is an effort to prepare the model for more general application.  

3.1. The concept of the model 

The model covers two stations (railway station and bus terminal) as well as all transport services operated 

at both stations sorted in so-called destination profiles (Figure 1). Destination profile can represent a point 

of view of passengers, they should use more lines for their journey (profiles A, E, 2 in the Figure 1). 

On the other hand, one line can take a part in one or more destination profiles. More precise assessment 

in comparison to assessments based on lines or individual transport services is ensured due to this 

profile-concept. Destination profiles are different for each mode of public passenger transport (railway/bus 

transport). Similar conception was introduced by the authors of this paper in [25], but for railway transport only. 

 

Figure 1 The idea of destination profiles [own study] 

3.2. Main static model inputs 

The model is based on time schedules of all assessed lines in both modes. Naturally, it is possible to make 

difference between business days, Saturdays, and Sundays with different extent of public transport services. 
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Preconditions for vehicle circulations should be implemented as well (e.g. that the next bus service will not 

depart before delayed vehicle will come).  

3.3. Stochastic model inputs and replications 

Random generation of stochastic inputs allows automated creating of stochastic replications within the model, 

because number of situations to be assessed is needed to be generated. It can be illustrated that a set 

of different days (of operation) is created. Exponential probability distribution is applied generation of input 

delay on arrival of individual transport services (trains and buses). Individual parameters for generation of input 

delays should be set according to individual public transport lines (in railway as well as bus mode).  

Collective assessment of set of replications brings an aspect of generalization into an assessment. The case 

study is based on performing of 1000 replications for each simulation scenario. Each one expresses different 

situation to be assessed. These scenarios (situations) can differ in infrastructure of interchange node or in time 

schedule as well.  

The model allows saving of so-called simulation seed for generation of stochastic inputs, so different simulation 

scenarios can be compared by the same conditions. For example, two variants of time schedule should be 

compared by the same values of input delays of individual transport services (trains, buses). 

4. THE CASE STUDY OF PŘELOUČ 

Population of Přelouč is ca. 10,000. There arrive 93 trains and 82 buses and depart 86 trains and 83 buses 

per day (naturally with some weekend exceptions).  

 

Figure 2 Přelouč: main bus terminal - walking route - bus terminal at railway station [own study] 

 

Figure 3 Přelouč: walking route [26] 

The main bus terminal with 8 stops (Figure 2 - left) is located ca. 600 m from the railway station. It is necessary 

to cross a road 6times (Figure 2 - middle and Figure 3) by walking. There are only two crossings equipped 

by zebra-crossing on this route. Both are near to the main bus terminal (marked by red circles in Figure 3). 
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One of them crossings the 2nd Class road No. 333 and the second one access route to the bus terminal. 

Second possibility, how to get bus, is bus terminal with 5 stops located directly in front of the railway station 

(Figure 2 - right). 

The stochastic simulation model applies 2 simulation scenarios. Each with one of these variants of bus 

terminal. State-of-art extent of operation (time schedule) was adopted.  

There are 7 railway destination profiles defined at the node for 3 physical railway lines in Přelouč. In simple, 

3 are for regional (Pardubice-regional, Kolín-regional, Heřmanův Městec); 2 for express transport (Prague, 

Moravia) and 2 combined (Pardubice, Kolín) expressing substitutability of both regional as well as express 

train segments by reaching these neighbour cities.   

There are 16 destination profiles in regional bus transport although there are operated 9 bus lines only. This 

is caused by the fact that there are some common segments served by more bus lines together in close 

surroundings of Přelouč. Diametric (transiting) bus line No. 623 is divided into 2 profiles by directions East and 

West. So, there can be made a difference between passengers able to switch between lines and passengers 

using given line obligatory (travelling to places served by one individual line). Each group of passengers should 

be assessed parallelly in the model with consideration of almost all the possibilities to travel which they have. 

4.1. Transfer time limits, interchange categories 

Setting of limits for transfer time are crucial for the assessment. These limits were set according to a set 

of experimental transfers made by authors. Four interchange categories were applied for this assessment. 

Uncomfortable interchange means that transfer is possible, but not for all passengers. It is necessary to go 

in a hurry, there is almost no time for searching for information or for train ticket purchasing. It should be also 

a problem for people with reduced mobility. Optimal interchange represents adequate time with not too much 

serious time loss. The category named as “with reserve” stands for transfers with easy acceptable time loss, 

which can be filled by train ticket purchase, small refreshment, phone call etc. Acceptable interchange means 

that it is unattractive, but it can be accepted especially on connections with low number of passengers 

or by uncommon individual trips.  

Interchange between main bus terminal and railway station (ca. 600 m of walk): uncomfortable 7 - 11 min; 

optimal 11 - 17 min; with reserve 17 - 23 min; acceptable 23 - 55 min.  

Interchange between bus terminal at railway station and railway station (ca. 50 m of walk): uncomfortable 

3 - 6 min; optimal 6 - 12 min; with reserve 12 - 18 min; acceptable 18 - 45 min.  

4.2. Assessment of planned time schedule 

In the case of main bus terminal there are 698 pairs of transport services (train and bus or bus and train) per 

day. The portions are: uncomfortable 8.60 %; optimal 11.32 %; with reserve 10.74 %; acceptable 69.34 %.  

In the case of bus terminal at the railway station there are 766 pairs of services. Uncomfortable 4.83 %; optimal 

12.66 %; with reserve 11.23 %; acceptable 71.28 %.  

It is seen that operational stability is preferred before shortening of travel times.  

4.3. Stochastic assessment of time schedule stability 

Specific indicator is applied for this case - average ratio of holding of planned interchange category within 1000 

replications of stochastic simulation. It is based on presumption that different category (with shorter or longer 

transfer time) is a complication for passengers. Span of values recorded in the simulation are added to the 

average values in Table 1 (in brackets).  
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Table 1 Interchange stability in stochastic simulation - all values are average [own study]   

Bus terminal: Bus terminal at railway station Main bus terminal 

Interchange category 
Train > Bus  

(%) 
Bus > Train 

(%) 
Train > Bus  

(%) 
Bus > Train 

(%) 

Uncomfortable 47.33 
(20.70 - 80.50) 

60.80 
(45.80 - 83.10) 

55.76 
(13.10 - 100.00) 

76.67 
(50.10 - 91.00) 

Optimal 65.46 
(29.20 - 100.00) 

81.13 
(47.20 - 97.90) 

70.82 
(27.70 - 100.00) 

77.66 
(48.00 - 97.30) 

With reserve 68.07 
(30.40 - 100.00) 

76.63 
(46.30 - 97.80) 

65.43 
(15.90 - 90.10) 

82.26 
(47.90 - 97.90) 

Acceptable 66.16 
(21.80 - 100.00) 

91.63 
(44.50 - 100.00) 

85.43 
(15.90 - 100.00) 

91.61 
(45.20 - 100.00) 

4.4. Average transfer time and probability of use of planned connection 

Figure 4 shows relation between average transfer time and probability to catch planned bus (according to bus 

destination profiles). Rising value of transfer time is helpful to improving reliability of that interchange 

connection at both bus terminals. On the other hand, this relation is not statistically significant (5th degree 

polynomial functions are applied and the values of coefficient of determination R2 are about 0.3 only). 

 

Figure 4 Přelouč: Relation between average transfer time and probability of utilization of planned service 

[own study] 

4.5. Detail analysis by destination profiles 

There are 7 railway and 16 bus destination profiles defined in Přelouč. It means that the model allows 

224 points of view of different passenger groups changing from each profile to each profile (from train to bus 

as well as vice versa).  

Table 2 shows an example consisted of 16 cases - for passengers coming from the neighbour city and regional 

centre of Pardubice interchanging to each of bus destination profiles. Passengers can come by express as well 

as regional trains by travel time of 9 or 14 minutes respectively (13 km). Bus profiles named by line number 
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stands for individual bus lines. Profiles named by municipality name represent profiles where it is possible 

to travel by more lines in common segment. Dwell time represents time spent in Přelouč (from arrival 

to departure) in this case. 

Table 2 Stochastic simulation for passengers coming from Pardubice - average values [own study]  

Bus terminal: Bus terminal at railway station Main bus terminal 

Destination profile 
Planned 

dwell time 
(min) 

Simulated 
dwell time 

(min) 

Utilization 
of planned 
service (%) 

Planned 
dwell time 

(min) 

Simulated 
dwell time 

(min) 

Utilization 
of planned 
service (%) 

Line 172 34.50 33.99 97.77 33.40 33.68 96.50 

Břehy 16.67 18.53 88.02 17.44 19.51 81.89 

Line 620 28.30 28.92 92.36 28.31 31.36 91.62 

Lázně Bohdaneč 26.33 28.77 95.82 23.75 27.66 91.90 

Line 621 13.00 32.88 83.56 16.10 40.18 73.27 

L. 623 to West 13.33 42.07 92.30 13.17 41.36 86.07 

L. 623 to East 17.00 32.48 91.10 21.67 22.74 97.45 

L. 625 to Podhořany 14.88 29.44 86.01 30.00 33.95 90.46 

L. 625 from Podhořany 20.33 30.04 96.80 17.75 38.61 82.86 

Line 627 22.90 24.64 94.99 21.36 27.26 91.34 

Heřmanův Městec 22.33 24.72 94.43 20.11 28.36 89.41 

Choltice 22.90 24.64 94.99 21.36 27.26 91.34 

Line 628 23.63 26.19 94.56 21.88 30.09 89.95 

Rohovládova Bělá 18.86 22.95 93.79 18.00 28.00 88.87 

Line 635 11.00 10.30 96.00 18.00 17.14 96.40 

Line 638 15.00 13.37 100.00 17.00 15.37 100.00 

This analysis should be done also on more detailed level of each pair of transport services to identify possible 

specific problems. One example for all. Minimal scheduled transfer time in the destination profile of Břehy 

is 4 min (by interchange at railway station bus terminal).  

Probability to catch this connection is 53.90 % only, but due to the fact that backup bus (of other line) runs 7 min 

later (in this common segment), it is not too much serious problem. Passengers will spend 5.67 min in average 

in Přelouč only (including those waiting for backup service).  

The same bus is a problem for the passengers needed to use the line 621 only (direction Labské Chrčice - 

profile “Line 621”). Backup bus of this line runs about 243 min later. Need to reschedule this bus is still 

a question, because passengers from Pardubice can come by previous train about 16 min earlier 

and the probability to catch planned bus of the line 621 is 100 % as follows from simulated data. This simply 

example can show, how important is to access this problem in as individual way as possible. On the other 

hand, this can be also used as an appeal that it is necessary to announce to passengers (by information 

systems) that it is strongly recommended to use earlier train from Pardubice to Přelouč. 

4.6. Discussion  

Table 1 and Table 2 show different ways of assessment using different indicators - time category (expressing 

passengers’ comfort) in Table 1 and probability to catch planned connection (of travel by planned transport 

service) in Table 2. It seems that both tables provide quite opposite results by mutual comparison. Planned 
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time span of transfer time is ensured more frequently (in 5 from 8 cases - marked by green) at the main bus 

terminal. Proportion of using of planned connections (transport services) is higher at the terminal in front 

of the railway station (in 12 from 16 cases - marked by green). This is due to next important factor, that values 

of scheduled transfer time are relatively high (20.06 min in average), almost the same as in the main bus 

terminal (21.21 min). The consequence is that possibility to reduce transfer time (due to missing walk) 

is replaced by improvement of operational reliability in this case.  

5. CONCLUSION 

The paper presents application of developed mesoscopic stochastic simulation model for assessment 

of operational reliability of interchange nodes where railway station and bus terminal are not at one locality 

and interchanging passengers must walk. On the other hand, model naturally allows assessment 

of interchange nodes located at the same place as well, e.g. for comparison.  

Connections (pairs of transport services) with insufficient stability (reliability) are identified and measures 
proposed for elimination of problems in this filed should be also checked by this model to keep regularity 

of the system without transfer of problem to other connections.  

The fact that the model has not one simple criterion applied for assessment with the solution is appropriate. 

Individualized solution is often needed. For instance, insufficient connection of bus to train should be correctly 

indicated by the model, but transport planners are not obligated to replace it if there is such reason to keep 

the current state. For example, when it is a bus serving local schools in the municipality and there is 

no significant demand for interchange to train.  

The main contributions of the model are following. Connections are assessed according to destination profiles. 

what allows extended and more adequate considering than by line-expression. Interchange nodes as potential 

risky place in the point of public transport quality is highlighted. More variants of time schedule as well as 

infrastructure of interchange node should be assessed.  

Model was tested on the case study of the interchange node in Přelouč served by 344 transport services 

(trains and buses) per day. All functionalities work correctly.  

Related research hypothesis seems that it is not valid for the case of Přelouč. Operation of main bus terminal 

(with need of walk in the length of ca. 600 m) provides higher reliability than the terminal located in front 

of railway station at least in some cases. It is due to the fact that transfer time contains often time reserves for 

walk able to be used also for partial reduction of impact of train delay.  

Finally, the operation reliability is influenced by volume of delays and applied time reserves next time schedule 
composition. Designed simulation model can examine this for each specific case. General recommendation 

is that it is necessary to hold adequate time reserves by possible moving of bus terminal from distant localities 

to railway stations. Maximal reduction of transfer time should have negative impact on transport reliability 

as well. Research in this filed will be continued starting by application of model to more interchange nodes.  
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Abstract 

The issue of distribution logistics including all sub-processes is very topical. E-commerce experiencing a great 

expansion every year, which has been exacerbated by the ongoing pandemic. As a result, there is increasing 

pressure to streamline distribution logistics processes within last mile logistics. One possible solution  

is to reduce the time of the shipment consolidation process by using automatic identification technologies  

(e.g., using radio frequency identification technology), as logistic service providers mostly use barcodes  

or 2D code technology for automatic data processing. The article focuses on the effectiveness of automatic 

identification technologies in shipment consolidation process. The aim of the paper is to find out what time 

savings the implementation of radio frequency identification technology can bring compared to barcode 

technology in the process of shipment consolidation. The analyzed automatic identification technologies are 

compared experimentally using the Laboratory of Automatic Identification at the University of Pardubice, 

Faculty of Transport Engineering. Subsequently, a shipment consolidation model is created in Witness Horizon 

software using a dynamic simulation that simulates the duration of the shipment consolidation process  

for different inputs and the automatic identification technology used. The main monitored parameter is the total 

duration of the shipment consolidation process for different model input parameters. The experimental  

and dynamic simulation results are compared in the context of other studies.  

Keywords: Radio frequency identification technology, barcode, dynamic simulation, distribution logistics, last 

mile logistics 

1. INTRODUCTION 

The main goal of each business is to optimize all logistic operations to minimize errors and gain competitive 

advantage over other businesses in the industry [1]. Logistics is the part of supply chain management that 

plans, implements, and effectively manages the forward and reverse flows of products, services, and relevant 

information from the place of origin to the place of consumption and warehousing of goods to meet end 

customer requirements [2]. Logistic management is an integrative function that coordinates and optimizes all 

logistic activities, as well as participates in the connection of logistic activities with other functions, including 

marketing, production, sales, finance, and information technology [2]. With the rapid development of the 

economy, the development of logistic companies around the world is facing a major challenge; in particular, 

logistic companies generally lack basic competitiveness, efficient logistic processes and awareness of service 

innovation is not strong [3]. 

Distribution logistics costs represent the highest proportion of total logistic costs, and its rationalization can 

bring great business and competitive advantages [4]. Effective distribution logistics occurs when using suitable 

modern technologies of automatic identification [5]. Typical automatic identification technologies used in 

distribution logistics are Bar codes, Quick Response codes (hereinafter QR codes), Radio Frequency 

Identification (hereinafter RFID) [5]. RFID technology has been used in a wide range of applications since the 
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1950s. Nowadays, RFID is beginning to develop and be used extensively in a variety of industries, especially 

where speed and accuracy of information is emphasized and then transmitted by corporate software for further 

reporting [6]. RFID uses information carriers, so-called tags, readers, and software to process information [7]. 

The big advantage of RFID is that there is no need for direct visual contact to retrieve tag information [7]. 

Accuracy with RFID means that due to the appropriate layout of the readers (antennas), the movements  

of packages, devices or employees can be monitored with great precision [6]. Thanks to this, many companies 

use RFID, for example in goods handling warehouses [6]. 

The role of warehousing stems from market needs and product shifting to the consumer and the basic types 

of stocks can be distinguished whether they are the supply stage or the distribution stage [8]. Warehousing 

provides both space and time benefits, helping to ensure a high level of customer service [8]. Resource 

planning as well as proper distribution logistics are critical steps in managing complex logistic networks [9]. 

Distribution centers, as important nodes, perform processes such as cargo concentration, processing, and 

distribution, with the support of equipment such as handling equipment [10]. All places where manipulation 

with customer’s goods takes place e.g., from the vehicle to the warehouse and back or inside the warehouse 

are risk points, because provider of transportation services must ensure that all technological and physical 

processes are properly described and communicated to the customer and the customer must be informed 

about any deviation from previous processes [11]. Most researchers in China and overseas have studied the 

location of competing distribution centers from the largest market share gained by new distribution centers 

[12]. It was analyzed ways to make effective decisions about the location of new distribution centers so that 

they could gain the largest market share given the existing multiple distribution centers [12].  

In today's globalization, logistics has become one of the value-added generators for the customers. 

Deconcentrating of demand and supply, increasing customer’s demands lead to increased logistic costs [13]. 

It leads to a decrease in the sales margin or an increase in prices. It is therefore necessary to improve logistic 

processes [13]. Logistic processes often have considerable uncertainty associated with their complexity,  

the reliability of available information on current risks, and the availability of various statistical parameters from 

the previous period [14]. Today, many business-modelling tools are available to assist in analyzing  

and identifying logistic processes [15]. Simulation modelling techniques are one of the basic tools used  

to identify, analyses and optimize logistic processes and systems [15]. Nowadays, simulation tools can replace 

experiments, design, and improve systems, train and learn operators [16]. All measures are designed  

to operate in an environmentally friendly and cost-effective way [16].  Simulation offers many potential solutions 

and allows iteration of a previously developed model. This can help optimize all logistic processes [17]. 

Simulation models are important for the planning, implementation, and operation of logistic systems because 

they can display their dynamic system behavior [18]. Computer simulation is a well-accepted tool for modelling 

the behavior of large or complex operational logistic systems [19]. 

The aim of the paper is to find out what time savings the implementation of radio frequency identification 

technology can bring compared to barcode technology in the process of shipment consolidation. 

2. METHODS 

Experimental measurements are used in terms of scientific methods in a specialized Laboratory of Automatic 

identification which is located at the Faculty of Transport Engineering of the University of Pardubice. These 

measurements focused on the inspection of picked shipments prior to distribution within the process  

of shipment consolidation. The aim of measurements was to compare the use of automatic identification 

technologies (RFID and bar codes) in shipment consolidation process in terms of the time saving parameter. 

Pallet with shipments is shown in Figure 1. Each shipment was tagged with one UHF RFID tag and one  

1D or 2D code. 
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Figure 1 Manipulation unit - pallet with shipments [authors] 

The following equipment was used during the experimental measurements: Mobile (1D and 2D code) reader 

CIPHERLAB CP30 and Mobile RFID reader ZEBRA MC3390R (Figure 2). 

  

Figure 2 Mobile (1D and 2D code) reader CIPHERLAB CP30 (on the left) and Mobile RFID reader ZEBRA 

MC3390R (on the right) [authors] 

The first part of the experiment was devoted to the reading of shipments using mobile reader CIPHERLAB 

CP30 in the consolidation process. Shipments were labelled with the code GS-1 128 or GS1 QR Code  

(Figure 3). Thirty measurements were taken by three independent researchers and the time to read all 

shipments was measured. The second part of the experiment differed only in that the mobile RFID reader was 

used to read the shipments. Each shipment was tagged with UHF RFID tag (Confidex Steelwave Micro IITM, 

Confidex Casey SlimTM, Confidex Carrier MicroTM, Confidex Carrier Tough II™ and ALN-9662).  

Figure 3 shows the selected different types of used UHF RFID tag. 

    

Figure 3 Code GS1-128 (on the left), GS1 QR Code (in the middle), selected UHF RFID tags (on the right) 

[20,21, authors] 

A schematic representation of the sub-processes within the two different types of experimental measurements 

of the inspection of picked shipments prior to distribution within the process of shipment consolidation process 

is shown in Figure 4. The main difference in the two analyzed automatic identification technologies is that in 

the case of barcode and QR code technology, it is necessary to read each inspected shipment individually 
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(upper process in the Figure 4). On the other hand, this is not necessary with RFID technology, as all 

shipments are scanned at once at the same moment (bottom process in the Figure 4). 

  

 

Figure 4 Sub-processes within the two different types of experimental measurements  

(barcode and QR code technology - upper process, RFID technology - bottom process) [authors] 

Subsequently, a dynamic simulation method was used in the software Witness Horizon (version 22.5b)  

to determine the time savings in the duration of the shipment consolidation process using RFID technology 

compared to barcode and QR code technology. In recent years, many companies have started to use dynamic 

simulation to optimize business processes, as 3D visualization can facilitate the understanding of the links 

between processes, further contribute to process simplification and innovation, and indirectly save costs [22]. 

Computer simulation is one of the most effective approaches due to its ability and flexibility in simulating  

and evaluating static and dynamic systems, considering uncertainty and variability between systems [23]. 

Dynamic predictive simulation can be used in any logistics process, from warehousing and handling  

to production line optimization and distribution [24]. 

3. RESULTS 

The average shipment pick-up time for both analyzed technologies was 1.60 s (minimum value), 2.25 s (mode 

value), 3.70 s (maximum value), and the average shipment placing on pallet time for both analyzed 

technologies was 0.80 s (minimum value), 1.90 s (mode value), 3.25 s (maximum value). The average 

scanning time of one shipment was 1.00 s (minimum value), 1.85 s (mode value), 2.50 s (maximum value) 

using mobile reader CIPHERLAB CP30. The average joint scanning time of shipments was 2.50 s (minimum 

value), 3.87 s (mode value), 5.00 s (maximum value) using mobile RFID reader ZEBRA MC3390R (Table 1). 

Table 1 Input subprocess durations to dynamic simulation [authors] 

Sub-process 
Barcode / QR code technology RFID technology 

Min. [s] Mode [s] Max. [s] Min. [s] Mode [s] Max. [s] 

Pick-up of shipment 1.60 2.25 3.70 1.60 2.25 3.70 

Placing on pallet 0.80 1.90 3.25 0.80 1.90 3.25 

Individual scanning of shipment 1.00 1.85 2.50 --- --- --- 

Joint scanning of shipments on a pallet --- --- --- 2.50 3.87 5.00 

The two analyzed scenarios (use of barcode / QR code technology and use of RFID technology) were then 

transformed into dynamic simulation software Witness Horizon and models were created. These models 

examined the duration of the consolidation process according to the number of shipments (Figure 5). 

 

Figure 5 Visualization of the consolidation process in software Witness Horizon (version 22.5b) [authors] 
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The duration of the consolidation process was modelled for 50, 100, 150, ..., and 350 shipments for barcode  

/ QR code technology and RFID technology (Table 2). 

Table 2 Duration of the consolidation process according to technology and number of shipments [authors] 

Number of shipments [-] 50 100 150 200 250 300 350 

Barcode / QR code technology [s] 336 683 1 021 1 363 1 718 2 058 2 393 

RFID technology [s] 262 517 0 757 1 007 1 267 1 527 1 792 

Time saving for RFID technology [s] 0-74    -166 0-264 0-356 0-451 0-531 0-601 

The analysis of both scenarios clearly shows the time savings of using RFID technology, which range from 

22.02 to 26.25 %. This time saving is mainly because when using RFID technology, it is possible to scan all 

shipments at once in a single moment, whereas with barcode/QR code technology it is necessary to scan each 

shipment individually. 

4. CONCLUSION 

The aim of the paper was to find out what time savings the implementation of radio frequency identification 

technology can bring compared to barcode technology in the process of shipment consolidation. Two types of 

experimental measurements were analyzed. Two types of experimental measurements were analyzed. The 

first focused on the use of barcode / QR code technology and the second focused on the use of RFID 

technology. The experimental measurements were carried out in the background of the Laboratory of 

Automatic identification. Based on the results of the experimental measurements, dynamic simulation models 

were created for each type of measurement in the software Witness Horizon. The Witness Horizon software 

modelled the duration of the consolidation process for different numbers of shipments. 

The findings clearly demonstrate the time savings when using RFID technology compared to barcode or QR 

code technology. This time saving is mainly because it is possible to scan multiple shipments at the same time 

at the same moment. On the other hand, it must be stressed that RFID technology is more expensive to 

implement compared to barcode or QR code technology. The research contains the following limitations: only 

certain types of RFID tags, barcodes and QR codes were investigated. At the same time, only certain types of 

reading devices were used, while it is possible that other reading devices, tags and codes could give partially 

different results. Also, the results may be different for other types of shipments, in a different area where RFID 

technology may not work as well, or for other researchers who achieve different times in scanning shipments 

and other activities. Further research can be directed towards the use of other types of codes and RFID tags, 

as well as scanning devices or other logistic processes. 

ACKNOWLEDGEMENTS 

This article is published within the realization of the project “Cooperation in Applied Research 
between the University of Pardubice and Companies, in the Field of Positioning, Detection  

and Simulation Technology for Transport Systems (PosiTrans)”,  
registration No.: CZ.02.1.01/0.0/0.0/17_049/0008394. 

REFERENCES 

[1] KUČERA, T., SUK, A. The application of ABC analysis in the logistic warehousing processes. In: Transport 
Means: proceedings of the international scientific conference. Kaunas: Kaunas University of Technology, 2019, 
pp. 548-554. 

[2] GROS, I. Velká kniha logistiky. Praha: Vysoká škola chemicko-technologická v Praze, 2016. 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

58 

[3] YANG, B., TONG, Y. Evolution dynamics modeling and simulation of logistics enterprise's core competence 
based on service innovation. In: 5th International Conference on Computer-Aided Design, Manufacturing, 
Modeling and Simulation (CDMMS). Busan: Amer Inst Physics, 2017. 

[4] ZHANG, X., ZHANG, Y., WANG, Y. Study on logistics distribution simulation based on system dynamics.  
In: 2nd International Conference on E-Business and Information System Security (EBISS). Wuhan: IEEE, 2010. 

[5] GS1. EAN-13. [online]. 2019. [viewed: 2022-05-02]. Available from: https://www.gs1cz.org/standardy-gs1/sber-
dat/linearni-carove-kody/ean-13 

[6] KONG, S., ZHAO, J., SHI, G., WU, CH., ZHAO, W., LIU, T. The Design and Implementation of the Attendance 
Management System based on Radio Frequency Identification Technology. In: Proceedings of the 2015 
International Conference on Electronic Science and Automation Control. Paris: Atlantis Press, 2015, pp. 189-192. 

[7] HUANG, CH., LV, Y. An Internet of Things System Based on Device-to-Device Communication Technology and 
Radio-Frequency Identification. International Journal of Online Engineering. 2018, vol. 14, pp. 210-218. 

[8] KUČERA, T. Calculation of personnel logistics costs of warehousing. In: Transport Means: proceedings of the 
international scientific conference. Kaunas: Kaunas University of Technology, 2020, pp. 44-48. 

[9] MOSCA, R., BRUZZONE, A., ORSONI, A. Integrated resource scheduling and simulation for dynamic logistic 
management. In: 17th European Simulation Multiconference. Nottingham: SCS Europe, 2003, pp. 491-495. 

[10] LIAO, H., QIN, R., WU, D., YAZDANI, M., ZAVADSKAS, E. K. Pythagorean Fuzzy Combined Compromise 
Solution Method Integrating the Cumulative Prospect Theory and Combined Weights for Cold Chain Logistics 
Distribution Center Selection. International Journal of Intelligent Systems. 2020, vol. 35, pp. 2009-2031. 

[11] CEMPÍREK, V., NACHTIGALL, P., ŠIROKÝ, J. Security in Logistics. Open Engineering. 2016, vol. 6, pp. 637-641. 

[12] SUN, H.J., GAO, Z.Y. Competitive Location Model of Logistics Distribution Center. Journal of Traffic and 
Transportation Engineering. 2002, vol. 2, pp. 54-57. 

[13] ADAMCZAK, M., DOMANSKI, R., CYPLIK, P., SZYMANSKA, O. Delivering skills of simulation of logistic 
processes. Acta Technica Napocensis Series - Applied Mathematics Mechanics and Engineering. 2018, vol. 61, 
pp. 415-422. 

[14] GAJOVIC, V., KERKEZ, M., KOCOVIC, J. Modeling and simulation of logistic processes: risk assessment with  
a fuzzy logic technique. Simulation-Transactions of the Society for Modeling and Simulation International. 2018, 
vol. 94, pp. 507-518. 

[15] KARKULA, M., BUKOWSKI, L. Computational methods-joint use in discrete event model of logistics processes. 
In: Winter Simulation Conference Proceedings. Berlin: IEEE, 2012.  

[16] KORNER, H.J., SCHWARZE-BENNING, K., DEERBERG, G. Simulation-based system for integration of logistic 
and process engineering decision processes. Chemie Ingenieur Technik. 2004, vol. 76, pp. 1476-1480. 

[17] BANAS, J. Modeling and simulation of processes in logistics. Knowledge, practical skills and expectations in 
teaching of students. In: INTED 2017: 11th international technology, education and development conference. 
Valencia: IATED-INT, 2017, pp. 6753-6762. 

[18] REGGELIN, T., TOLUJEW, J. A mesoscopic approach to modeling and simulation of logistics processes.  
In: Proceedings of the 2011 winter simulation conference. Phoenix: IEEE, 2011, pp. 1508-1518. 

[19] OLSSON, B., BODON, P., GLASSOCK, C., ELIAS, M. Use of dynamic simulation as an optimisation and risk 
management tool in process and logistics operations. In: Mining risk management conference. Sydney: 
Australasian Inst Mining & Metallurgy, 2003, pp. 277-282. 

[20] GS1. GS1-128. [online]. 2020. [viewed: 2022-05-17]. Available from: https://www.gs1cz.org/standardy-gs1/sber-
dat/linearni-carove-kody/gs1-128 

[21] GS1. GS1 QR Code. [online]. 2020. [viewed: 2022-05-18]. Available from: https://www.gs1cz.org/standardy-
gs1/sber-dat/2d-kody/gs1-qr-code 

[22] TVRDOŇ, L., FEDORKO, G. Usage of dynamic simulation in pressing shop production system design. 
International Journal of Simulation Modelling. 2020, vol. 19, pp. 185-196. 

[23] ZAHRAEE, S.M., ROHANI, J.M., FIROUZI, A., SHAHPANAH, A. Efficiency improvement of blood supply chain 
system using taguchi method and dynamic simulation. Procedia Manufacturing. 2015, vol. 2, pp. 1-5. 

[24] SCHINDLEROVÁ, V., ŠAJDLEROVÁ, I. Use of the Dynamic Simulation to Reduce Handling Complexity  
in the Manufacturing Process. Advances in Science and Technology Research Journal. 2020, vol. 14, pp. 81-88. 

  



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

59 

APPLICATION OF LOGISTICS TECHNOLOGIES IN PASSENGER TRANSPORT IN THE 
CONTEXT OF THE COVID-19 PANDEMIC 

1Milan DEDÍK, 1Zdenka BULKOVÁ, 1Jozef GAŠPARÍK, 2Rudolf KAMPF 

1University of Žilina, Žilina, Slovakia, EU, 

milan.dedik@fpedas.uniza.sk, zdenka.bulkova@fpedas.uniza.sk, jozef.gasparik@fpedas.uniza.sk 
2Institute of Technology and Business in České Budějovice, České Budějovice, Czech Republic, EU, 

kampf@mail.vtstecb.cz 

https://doi.org/10.37904/clc.2022.4566 

Abstract 

The relationship between logistics and transport is very close, as transport ensures the physical movement of 

the product from the place of production to the place of consumption. Transport is a significant factor of time, 

it is the bearer of the speed and reliability of product relocation, it is one of the most important elements of the 

logistics system. It forms a very important and irreplaceable place in the logistics chain from the material 

supplier to the customer. In passenger rail transport, logistics deals mainly with the planning, organization, 

management and control of all activities between entities entering the transport process, and thus creates the 

conditions for ensuring safe, reliable, sufficiently fast and convenient passenger transport at optimal prices in 

cooperation with other modes of transport. The basic strategic goal is to ensure maximum fast, high-quality 

and convenient transport services in the area with a positive impact on the optimal interconnection of individual 

regions and their economic development. The ideal solution is to introduce an integrated transport system, in 

which transport and tariff conditions are unified. The larger the integrated transport system in place, the better 

for the traveling public, and at the same time the logistics of public passenger transport operate at a higher 

level. The article focuses on the relationship and functions of city logistics, The main contribution goal is 

application of some logistics technologies to transport services in passenger transport, as well as the 

comparison of transport chains in passenger transport. 

Keywords: Logistics technologies, covid-19 pandemic, passenger transport, city logistic 

1. INTRODUCTION 

Rail transport is not nearly a guarantee of such quality accessibility and flexibility as road transport, but its 
function is very important in logistics. It can provide transport in much larger quantities in the case of freight it 
also offers the possibility to transport heavy consignments, consignments with specific characteristics, etc. [1]. 
However, good transport chain management does not mean social engineering or central planning, but is 
based on market principles of guiding transport demand by offering more reliable, faster, better and, if possible, 
cheaper systems [2]. Today when a great emphasis is put on the quality and high level of provided services 
the application of optimisation methods in logistic processes is a necessity. The article addresses the 
optimisation of transport processes within a logistic chain [3,4]. City logistics is a process of optimizing logistics 
and transport activities involving private companies with the support of advanced information systems in the 
city with regard to the transport environment and its impact on congestion, security and energy savings. ”One 
of the tasks of city logistics is to provide comprehensive transport service. There are several reasons why city 
logistics is paying more and more attention [5]. These include environmental reasons (negative impacts of 
traffic on their surroundings, such as noise, fumes, land use), traffic reasons and living standards in the city. 
Improving the traffic situation, mitigating negative impacts on the surroundings or reducing traffic in a selected 
area or time can significantly help to improve the living standards of the city's inhabitants. The mentioned topic 
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is currently very important. Therefore, the main purpose of the article deals with the city logistics functions, 
application of logistics technologies to transport services in passenger transport, including transport chains 
proposals in passenger transport. [6] 

2. CITY LOGISTICS FUNCTIONS 

In the classical understanding of logistics, relating only to the area of freight transport, three stakeholders are 
involved in the solution - the carrier, the municipality and the private sector - the so-called logistics city triangle. 
If we extend the scope of logistics to the area of passenger transport, we must also increase the number of 
participants who will be involved in creating solutions. These are mainly passenger transport companies, the 
police force and, last but not least, citizens [5]. The main tasks of logistics in passenger rail transport are mainly 
[7]: 

 examination of transport flows of passengers in certain time positions on transport routes using various 

detection - marketing methods, 

 optimization and control of these transport flows, 

 improving individual factors of the transport process, 

 improving the relationship with customers, 

 provision of quality services and optimal travel culture - cleanliness and comfort of the means of 

transport, seating position, technical condition of the vehicle, 

 ensure the optimal price and simplicity of customer handling, solve a complex logistics chain - the way 

from house to house. 

The basic concepts of logistics services in the city and territory in the field of freight and passenger transport 
are basically two logistics technologies - Hub and Spoke and the Gateway concept [8]. 

The concept of Hub and Spoke technology is based on the existence of one logistics center (hub = center, 

core), from which the service of the area (spoke = beam, peak, partition) is transferred. The logistics center is 

always asymmetrical with respect to the city center. Technology presupposes the existence of the need to 

supply the territory (households, small and medium-sized enterprises) with materials and raw materials. At the 

same time, the dispatch of products, including waste from the sphere of trade and consumption, is also 

expected. Transport services for large production centers are not expected, as they usually have their own 

corporate logistics system or outsource their logistics. [9]. In the Figure 1 is shown principle of Hub and Spoke 

technology, which is useable in passenger transport. 

 

Figure 1 The principle of Hub and Spoke technology [10]. 

Gateway logistics technology is suitable for logistics transport services of large nuclear cities, ie for the 

application of "City Logistics". At the entrances to the core city, "Gateways" have been built on major transport 

routes, which are a functional equivalent of logistics centers in Hub and Spoke technology [10]. The basic 

principle of Gateway technology is shown in Figure 2. 
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Figure 2 The basic principle of Gateway technology [10]. 

3. APPLICATION OF LOGISTICS TECHNOLOGIES IN PASSENGER TRANSPORT DURING THE 
COVID-19 PANDEMIC 

In addition to positive effects such as comfort and travel speeds, expanding individual car traffic brings many 

negative side effects such as overcrowded and often obturated urban agglomerations, a significant increase 

in exhaust gasses, higher noise, and so on. This problem can only be resolved by functional public passenger 

transport as a full-fledged alternative to individual transport, which will, as far as possible, be addressed to the 

widest possible population [11,12]. It is essential to create the conditions for the coordination of individual and 

public passenger transport, as it currently is in the case of logistics in freight transport. It is necessary to ask 

whether the general logistic principles used for the space-time transfer of some objects can be used in 

passenger transport [13]. The division of relocation needs is shown in Figure 3. 

 

Figure 3 Division of relocation needs [authors] 

The possibilities of the application are influenced by the category of the served area, ie its size and number of 
inhabitants. This then results in the number of operating modes and transport systems. The choice of a suitable 
transport system depends on the size of the core city and the whole agglomeration. The actual implementation 
of comprehensive logistics services of agglomerations is supported by other transport systems that are 
technically, transportably or transportably connected to the supporting integrated transport [14,15]. These 
systems should also be used during a COVID-19 pandemic, as they limit direct encounters with people and 
minimize the spread of COVID-19. They are mainly [16]. 

 transport system Park &Ride (P+R),  

 transport system Bike&Ride (B+R), 
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 transport system Kiss &Ride (K+R), 

 shared transport system. 

Transport chains in passenger transport 

If we do not take into account the transport that is provided on the entire route by individual transport, we can 

generally create a transport system for transporting people consisting of three main elements (subsystems) 

between the start and the end of the transport [17]: 

 Subsystem I links the start of the journey with the access point to some public transport means, 

 Subsystem II provides transportation between the two access points. According to the transport variant, 

the individual subsystems come from a variety of different elements and from different types of elements.  

 Subsystem III links the public transport access point with the point at the end of the journey. 

Main elements of transport system in passenger transport are shown in the Figure 4. 

 

Figure 4 Main elements of transport system in passenger transport [17]. 

Subsystems I and III are evaluated analogically. These come in four proposals [17]. 

 The access point is accessible from the beginning of the journey on foot. This requires only a passive 

connecting element between the two sites (footpaths). 

 The access point can only be reached by a means of transport from the beginning of the journey. In 
addition to the passive (road) and active (vehicle) linking element, accumulating elements (car parks) 

on the access points as well as linking elements (walkways, lifts, escalators, etc.) between the car park 

and the public transport platforms are also recommended. 

 The access point is available by taxi. This requires a passive link (road) and an active linking element 

(taxi). 

 The access point is accessible by means of individual transport, which is further transported by a public 
means of transport. In this case, no storage or accumulating element is required at the access point. In 

order to load the road vehicle on public transport, the linking element (ramp) is necessary at least when 

dealing with passenger cars. 

Subsystem II, which connects the access points, may consist of the following elements [17]: 

 Passive (road) and active (vehicle, public means of transport) connecting elements which ensure 
relocation, 

 Transit nodes enabling passengers to travel among different transport modes or various connections of 

the same transport mode, 

 Accumulating places allowing short-term (waiting rooms) or long-term (dormitories) stay during 
transportation.  

During the COVID-19 pandemic, public passenger transport performance fell sharply. The reason was the 

introduction of measures against the spread of the COVID-19 pandemic in public passenger transport and with 

them a restriction of the free movement of the population or a curfew. Therefore, it is important to design a 

concept within the logistics chain in passenger transport, which will lead to greater use of public passenger 
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transport in the time of the COVID-19 pandemic or another pandemic (observing the established pandemic 

measures).  

Concept of logistics chain in passenger transport (from individual motorism towards public passenger 

transport) is shown in Figure 5. 

 

Figure 5 Concept of logistics chain in passenger transport [authors]. 

In Figure 6 we can see concept of logistics chain in passenger transport (from individual motorism towards 
public passenger transport) in the context of COVID-19 measures. 

 

Figure 6 Concept of logistics chain in passenger transport in the context of COVID-19 measures [authors]. 

The collective taxi can only be used within the established COVID measures. For example, if members of the 

same household or family members use this method. Also in the case of vaccinated or overcoming persons 

(OTP mode). 

4. CONCLUSION 

The mere introduction of the mentioned concepts of transport services of a city or agglomeration in passenger 

transport (integrated transport system) is not the final solution of a complex logistics service. The development 

and current state of the integrated transport system in Slovakia can serve as an example. In order to maintain 

a truly comprehensive and high-quality service to the city or region, a constant systematic analysis of the 

transport, technological and socio-economic processes that take place in a given place is necessary. At the 

same time, it is obvious that the fulfillment of quality criteria must be monitored in connection with the 

optimization of transport costs and prices. From the description of the elements and subsystems of the 

passenger transport system, it is clear that it creates important cutting points where it is necessary to ensure 

coordination between individual carriers and different modes of transport, which creates great logistical 
potential for transport business to meet passenger needs. For the creation of transport models and design of 

the logistics chain concept in passenger transport leading from individual car transport to public passenger 

transport and in the context of the COVID-19 pandemic, it is necessary to know in detail not only the current 

situation in passenger transport logistics, as well as the nature and basic principles of logistics. logistics 

technologies and logistics, the structure of the transport chain in passenger transport, as well as the current 

pandemic situation of the city, region or state. 
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Abstract 

The weather can easily affect human activities. Therefore, it is very important to plan our activities so that the 
weather does not affect the safety of them. Transport is one of those human activities where information on 

current and predicted weather conditions is very important. All modes of transport are dependent on 

information of current and predicted weather especially in the period of transportation process. Precise weather 

information is of vital importance for air transport. This paper deals with dangerous weather phenomena that 

affect air transportation in a very negative way and could also lead to termination of air transport services. 

More specifically, the paper deals with thunderstorm phenomena that often occur at Slovak airports in the 

summer season and compares their occurrence with the Climatic atlas of Slovakia. 

Keywords: Weather, aviation, thunderstorm phenomena, slovak airports, summer season   

1.  WEATHER AND AVIATION 

Many human activities are dependent on weather conditions. Therefore, the weather becomes a limiting factor 

in our efforts and plans. In particular, all modes of transport are very sensitive to weather-related phenomena. 

Air transport is very sensitive to adverse weather, where even a small change in weather conditions can cause 

operational problems with even fatal consequences. For example, weather caused a tragic accident of 

Aeromexico Embraer 190 aircraft, flying from Durango to Mexico City in July 31st ,2018. Shortly after becoming 

airborne, the plane encountered sudden wind shear caused by a microburst and the aircraft skidded off about 

300 m beyond the runway of General Guadalupe Victoria International Airport. Although there were no fatalities 

(all 103 passengers survived the accident), three-quarters of them were injured and almost half of the 

passengers were taken to the hospital. One of the pilots had burns. The accident was caused by a strong 

storm at the airport. During the storm, the aircraft, which was just after take-off, was hardly hit by a strong gust 

of wind, causing the aircraft to lose speed. Consequently, the aircraft hit the ground with its left wing and slid 

off the runway. [1]   

It is possible to ask the question whether similar phenomena can and to what extent affect the aviation safety 

in Slovakia, where climatic and meteorological conditions are significantly different. 

There are numerous storms in Slovakia during summer season. Number of days with a storm counts for 15-

30 in Slovakia [2]. There is greater number of storms in some specific areas of the country, such as: the eastern 

part of the Danubian Lowland, the Tatras, the Zvolen Basin, Spiš region, the Little Carpathians, the southern 

part of the East Slovakian lowlands. [2]   

When it comes to frequency of storms, the storms are most frequent in July (28 %), May (24 %) and June 

(22 %). On the other hand, the storms are least common in January and February (less than 1 % of cases). 

[2] During the summer season, storms most often occur in the afternoon (around 2-3 pm), when there are best 

conditions for convection and the air temperature reaches its daily maximums. [3] The very development of 

clouds, which foreshadows the possible occurrence of a storm, is observed in the morning. 

Storms are associated with dangerous phenomena such as low or limited visibility, rapid wind changes, gusts, 

heavy precipitation, mechanical and termical turbulence and also electrical activity in the atmosphere. The 
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occurrence of a storm at the airport, or in its close proximity can cause potential problems with flight safety and 

fluency of the flow of air traffic. That is why this paper deals with thunderstorm phenomena at Slovak 

international airports and it covers period from 2011 to 2018. 

2.  WHAT IS A THUNDERSTORM? 

From a meteorological point of view, a thunderstorm is a set of optical, acoustic and electrical phenomena 

occurring between Cumulonimbus (Cb) type clouds and between this type of clouds and the earth [4].  In our 

latitudes, the storm is being accompanied by the cloud with the largest vertical extent [5]   

The Cb cloud extend from its low base to a height of about 8 to 13 km, depending on the time of year in which 

the cloud occurs. In winter, the Cb reaches up to 7-8 km of height, in summer it could be even higher and it 

can reache up to 11-13 km of height. The cloud is known for its flat top, the so-called an anvil. This is due to 

the fact that, during the development phase, the cloud has already grown to the height where the tropopause 

is located. If the climate is warm enough, there are significant vertical processes present in this cloud. They 

could break through the tropopause and form the so-called overshooting top [5,6]   

Many dangerous weather phenomena such as wind gusts, heavy rainfall, turbulence, but also the so-called 

micro and downburst are associated with the occurrence of Cb cloud. [6] If close to the airport, presence of 

the phenomena could cause an aircraft to crash. That is why airports do their best to provide quality 

meteorological information for flight crews so they make their plans with up to date weather information [7]   

In summer, Cb develops during intense convection in the atmosphere. The development phase can last for 

about few minutes up to several tens of minutes, depending on the thermal conditions in the atmosphere. 

Figure 1 depicts structure of a thunderstorm. Figure 1 also shows a protruding peak of the cloud - the 

overshooting top. When the atmosphere becomes unstable enough to form large, powerful updrafts and 

downdrafts (as indicated by the red and blue arrows), a towering thundercloud is built up. At times the updrafts 

are strong enough to extend the top of the cloud into the tropopause, the boundary between the troposphere 

(or lowest layer of the atmosphere) and the stratosphere) [8]. Vertical movements in the cloud are very fast, 

often reaching more than 40 m/s [3,6]. Hail can occur frequently in this type of cloud. 

 

Figure 1 Thunderstorm structure [8] 

For larger areas, meteorologists are capable of predicting storms well in advance (24 hours in advance). 

However, they are not able to predict occurrence and exact timing of a thunderstorm for specific (small) 

location. Meteorological radar detection and a lightning detection network can help with the prediction e.g. near 

an airport. With the help of these devices, the vertical forming and movement of a potential storm can be 

captured. The development of the storm is very fast. Cumulonimbus cloud is able to be formed within 15 min. 
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[4,6]. It must not be forgotten that, in reality, the storm is usually formed by one single storm core, one cloud 

with a massive vertical development. The storm usually consists of groups of clouds, each of which has an 

individual stage of development [3,6]. 

A storm is a very dangerous phenomenon. One of the reasons is lightning that can occur several tens of 

kilometres away from the storm cloud and literally from the clear sky. 

Reflecting dynamic processes in the atmosphere, storms can be divided into: 

- frontal storms - related to the advancing frontal interface in specific territory (i.e. Slovak republic). The most 

common storms are those happening on the cold front, where the occurrence of storms can be observed in 

the area of 300 km in front of the front line. Storms happening on the warm and occlusion front are very rare 

[3]. In the cold front storm, the weather is very intense and it covers large area.  

- storms inside the air mass - these storms often occur in the warm period of the year. Sufficient amount of 

warm and humid air is needed for this storm to be formed. These storms bring less intense weather and they 

spread over a small area [3,5]. 

This paper deals with the above mentioned types of storms and it does not take into account the origin of the 

storm when evaluating occurrence of storms. 

2.1.  Aviation information on the occurrence of storms 

Because of the fact that storms are dangerous weather phenomena for aviation, it is important to be informed 

about its occurrence and the probability of its occurrence well in advance. METAR (meteorological terminal air 

report) weather reports are used in aviation to inform about current weather. The reports may also include the 

TREND landing forecast. The forecast contains a brief description of the expected changes in meteorological 

conditions at the airport. TREND is forecast for weather over a two-hour period, and is based on an actual 

weather report, such as a METAR or SPECI and appended to the end of it. [9]   

The METAR report is mainly used by aircraft pilots, who draw pre-flight weather information from it, and by 

meteorologists, who use the METAR report to compile weather forecasts. Measurements and observations 

are carried out at airports 24 hours a day, with a METAR report issued every half hour. The basic format of the 

report is the most popular format in the world for sending and receiving weather data. It is highly standardized 

through ICAO, which allows it to be understood in most of the world. 

Forecasts of prevailing meteorological conditions at airports are compiled in the form of a TAF (terminal 

aerodrome forecast) code, which is more or less identical to the METAR message code. The validity of TAF 

forecasts shall not be less than 6 hours and not more than 30 hours. TAF aerodrome forecasts are issued 

independently of METAR messages and do not relate to any extraordinary reports. Also, the preparation of 

TAF forecasts and their corrections, if necessary, depends on the content of the METAR or SPECI messages 

received. The TAF forecasts contain a full description of the expected meteorological conditions at and around 

the aerodrome during the entire forecast period, including any changes significant to air traffic. [9]   

Because of the fact that weather observations are being made continuously, information about potential 

occurrence of a storm is available to all flight crews immediately. 

3.  AIRPORTS IN SLOVAKIA 

Slovakia currently has six international airports, located in different parts of the country: M. R. Štefánik airport, 

Košice airport, Piešťany airport, Poprad-Tatry airport, Sliač airport and Žilina airport. Some of these airports, 

according to [2], are located in reigions with high probability of formation of thunderstorms. All six airports 

provide regular local meteorological information based on on-site measurements and observations. The 

service provision is in line with the airport meteorological system (AWOS) capable of providing measured 

meteorological data and MET REPORTS including SPECIAL messages.  
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The amount and type of clouds (only for Cumulonimbus and Towering Cumulus) are observed visually from 

the meteorological station area. The weather reports shall indicate only the clouds that affect traffic at and 

around the airport. In this case, meteorological reports shall also indicate other clouds or cloud layers whose 

base height does not exceed 10 000 ft (3 000 m). If no such clouds are observed at or near an aerodrome, the 

abbreviations CAVOK or NSC shall be used in meteorological reports.  

Horizontal visibility and cloud base height are measured at all six airports in Slovakia by a combination of an 

automated sensor and/or manual measurement or observation, where these manually measured or observed 

data are included in meteorological reports only during the operating time of the meteorological station. 

Runway Visual Range (RVR) is measured by an automated sensor at all airports and the weather condition is 

measured or observed manually at all airports except of Piešťany Airport. In Piešťany, the observer puts the 

measured/observed data to the meteorological report manually in line with World Meteorological Observation 

(WMO) methodological guideline 

4.  METHODOLOGY OF WORK 

Data on storm phenomena were extracted from METAR aeronautical meteorological reports, which were 

provided by the Slovak Hydrometeorological Institute. The reports cover period from 1 January 2012 (00:00) 

to 31 December 2018, when the last METAR report was issued at 11.30 pm.  

We have extracted information on storm (indication TS) from every single METAR report app. 700,000 totally 

records were analysed.  

Storms that occurred several times a day had to be spaced apart in the encrypted parts of messages. This 

means that the weather condition that occurred between the two storms during one day could not be defined 

as a storm. A standard arithmetic mean was used to obtain basic information on the number of storms, their 

occurrence by months, years and time of day. 

4.1.  Analysis of achieved results. 

The analysis shows that, during the period from 2012 to 2018, storms were usually observed at Slovak 

airports in the warmer months as could you see at Figure 2.  

Most frequently, the storms occurred in May, June and July. By the contrary, the smallest number of storms 

was recorded in January, February, November and December. During this period, there were almost no storms 

at Slovak airports. In March and October, the annual occurrence of storm was one on average.  

 

Figure 2 Total storm count in individual months of the period 2012 - 2018 by author 
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ICAO (The International Civil Aviation Organization) international airports code:  

LZIB Bratislava 

LZKZ Košice 

LZPP Poprad 

LZTT Piešťany 

LZSL Sliač 

LZZI Žilina 

The number represents the exact number of storms that occurred at airports during each month, and the storm 

could have occurred several times a day. We take into account the multiple occurrences during the day, 

provided that the storm that occurred over the airport disappeared after a certain time and then reappeared. 

The weather observed during the period between these two storms must not be of a stormy nature. 

 

Figure 3 Total storm count at individual airports 2012 - 2018 by author 

Taking into account the situation at individual airports, the highest number of storms was registered at Košice 

and Sliač Airport (Figure 3) Third airport where storms occurred most frequently is Poprad-Tatry. On the 

contrary, the lowest number of storms (over the period) was recorded at Piešťany airport (with the yearly 

minimum of just 3 storms in 2015).  

 

Figure 4 Total number of storms in individual years of the period 2012 - 2018, by author 
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Taking into account individual years of the period 2012 - 2018, storms occurred most frequently in the years 

2014 and 2018. On the contrary, the year in which the lowest number of storms was recorded is the year 2015. 

Figure 4 shows the total number of storm phenomena in individual years of the period 2012 - 2018.  

Figure 5 depicts occurrence of storms according to the time of day. It shows that the storm (manifestation of 

intense convection) evolves when the atmosphere allows for formation and occurrence of intense convective 

movements of the air at the airport. It is the period around noon when the maximum of solar energy falling on 

the earth's surface is observed. Most often, storms form from 10:00 to 16:00, less often in the early evening, 

around 18:00, especially when convection is also caused by the progress of the frontal interface. Some storms 

are observed even during the night. These may be the storms that persist under suitable conditions until night, 

or, conversely, storms associated with the advancing frontal interface to the airport area. 

 

Figure 5 Occurrence of storms by time of day at all airports by author 
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The paper deals with a dangerous weather phenomenon at the airport - storm. This phenomenon contains 
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Taking into account individual years of the period 2012-2018, storms occurred most frequently in the years 

2014 and 2018. On the contrary, the year in which the lowest number of storms was recorded is the year 2015. 

The storms occurred the most at Košice Airport and Poprad-Tatry Airport, which confirms the rule that storms 

are more attracted by highlands. Significantly lower number of storms was recorded at Piešťany Airport, 

located in the lowlands.  
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Abstract 

Increasing the efficiency of processes in warehouse facilities is now required in every industry. One of the 

important decision-making problems is the proper utilization of storage space. The paper presents research 

results on the application of architecture for storage location occupancy detection based on computer vision 

methods and deep learning models. The paper contains a detailed description of the developed solution and 

an estimation of the solution performance.  

Keywords: Occupancy management, storage, computer vision, deep learning, image processing 

1. INTRODUCTION 

More than two years ago, global supply markets and the way the companies operate has changed significantly. 

Previously durable and reliable supply chains were made to be broken, practically overnight. Many companies 

were forced to redefine how they sourced and executed their logistics processes. A significant increase in 

demand for e-commerce services has also been noticed. Therefore, digitisation and automation of logistics 

processes has become a necessity. This trend also applies to warehouse processes, moreover, the complexity 

and speed requirements of warehouse operations are constantly increasing. The use of computer vision 

methods can help increase automation and improve warehouse processes. For object detection and 

recognition problems, one of the research areas intensively used currently is computer vision (CV). Computer 

vision is a rapidly growing field of science that falls under machine learning (ML) and artificial intelligence (AI). 

It involves algorithms that make decisions based on observed data and visual features of objects. Computer 

vision plays an increasingly important role in improving the tracking and efficiency of logistics processes. 

Important application areas today are warehouse systems and operations within these systems.  

1.1. Research motivation and objectives 

The growing popularity of machine learning algorithms and their utilization in different fields of human life 

allowed us to take this opportunity to investigate the applicability of such methods in two aspects of storage 

location analysis. It often happens that we would like to estimate if the cargo fills the load location completely. 

Furthermore, we also would like to know if there are any unwanted objects on the site. This motivation led us 

to assess the computer vision methods. In the first and main approach, we evaluated location occupancy with 

an application of conventional image processing techniques. Our second task involved the detection of people 

within the location area. The subsequent sections describe the methodology of both approaches along with 

the depiction of the database and results. 
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1.2. Related works 

Noteworthy are the growing number of papers related to the automation and digitalization of warehouse 
processes. Warehouse object detection algorithm based on fusion of DenseNet and Single Shot 
Detection (SSD) was presented by Chen et al. [4], while Patel and Chowdhury [11] have demonstrated the 
use of deep neural networks to classify mixed palletizing operations. In his study [16], Xianhui proposed an 
intelligent logistics inspection system based on big data analysis. The author developed a deep learning-based 
method for parcel detection and tracking in warehouse facility. Data from the images are automatically 
processed by the deep neural network model and uploaded to the warehouse task scheduling subsystem. 
Vukicevic et al. in [15] showed a proposed solution for smart warehouse 4.0. They developed a system for 
reliable detection of cargo units (pallets) based on QR code recognition using IP cameras and computer vision 
algorithms.  

2. PROBLEM FORMULATION AND METHODOLOGY 

Literature review shows that the usage of artificial intelligence methods in warehouse facilities can significantly 
improve and optimize their operation [5]. In this paper, we took an opportunity to analyze the computer vision 
approach to estimate location occupancy. Additionally, we carried out experiments that allowed us to detect 
unwanted objects in the location field of view. Computer vision is a part of artificial intelligence that processes 
the visual information providing a user with the information about the image content. It became a very popular 
method in visual quality control of the different processes. Based on provided estimation, we can build a 
decision support system that can estimate load occupancy as a percentage of total load size. 

Today, we can divide the CV field into conventional and deep learning approaches. The conventional approach 
will use the image information and process it with known image processing methods and extract features that 
are used in a classification framework to make a decision. With the introduction of deep learning approaches, 
we process the visual information only with the neural network with a specified architecture. Here, we 
investigate the ability of the application of both methodologies. We use conventional image processing 
algorithms such as morphological operations for load occupancy estimation and YoLo v.3 deep neural network 
for people and object detection within the site.  

2.1. Database 

For the purpose of this study, we have collected surveillance videos from different cameras and under different 
conditions (see Figure 1). These videos were recorded with 1280×720 and 1280×1080 (px) resolution using 
Hikvision and Axis CCTV cameras. In the described research, we collected 30 movies of a variable length. 
From these videos, we sampled 20 frames per second, what provided enough samples for our analysis. 

  

Figure 1 Experimental setup example 

2.2. Load occupancy estimation 

Recently, numerous studies report the importance of automated visual inspection in various aspects of 

industry [10]. The main purpose of visual inspection is to calculate object parameters such as their size, shape, 
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and orientation. To properly estimate the size of a load occupancy within the cargo area, we proposed an 

image processing framework depicted in Figure 2. In the presented approach, we use morphological and 

contextless operations to determine load presence and calculate its size. Such a scheme requires a reference 

frame on which a cargo area needs to be specified. Load space is defined as a rectangular region of interest 

(ROI). Figure 3 shows an example of ROI selection. This procedure is made manually by a user on a reference 

frame. Further processing is possible within the region according to the above-mentioned framework. When 

ROI is selected, the image is preprocessed with a median filter and erosion morphological operation. Before 

the application of the median filter, the image is converted to grayscale and then before erosion, it needs to be 

segmented. Segmentation is the task that allows for the determination of objects and their separation from the 

background. Here we used one of the simplest segmentation methods known as thresholding or binarization. 

In this task, we select a threshold, and then for each pixel, we assign a new value 0 (black) for the background 

or 1(white) for an object. In this paper, the load is treated as an object and its determination is based on 

Equation 1. 

��� � �0       if      
�� � �
1       if      
�� � �              (1) 

where ��� is a pixel value in the binarized image and 
�� is a gray-level value in the input image. 

 

Figure 2 Diagram of a proposed framework 

  

Figure 3 Caro area definition. Region of interest selector (left) and defined area (right) 

2.2.1. Preprocessing  

During image acquisition, due to technological imperfections, a system introduces various noises to the 

obtained image. These errors might include illumination conditions, and sensor or lens errors. In image 

processing, we can model these situations and with the application of filers, one can try to minimize the 

influence of the noise. In our study, we needed a choice of a filer that can preserve the edges of the objects. 

For this reason, the median filer was adopted. This is a non-linear filter that operates over a window with a 

predefined size. Here, we used a 15×15 pixel window within which a median intensity level was selected as a 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

76 

new pixel value. The application of this filter allowed us to remove the speckle noise that is often called a “salt 

and pepper” noise.  

In the next step, after thresholding of the filtered image, we applied morphological operations to remove small 

unwanted objects. The idea of morphological operations is based on Minkowski's set theory and requires a 

definition of an additional component called a structuring element (SE). The structuring element is a shape 

defined as a matrix. It is used in morphological operations to interact with the object in the image according to 

Equation 2. Here, we defined a disk-shaped SE of a 5×5 size, which means that we were able to remove all 

unwanted objects that are smaller than the structuring element. 

� ⊖ �� �  � (��� + �̅)
�∈����(�)

 (2) 

where I is the binary image, ���  is a reflection of SE and supp(I) is a set of object in the image - image support.  

When both images (reference and incoming frame) are preprocessed we performed a simple subtraction of 

the two images with normalization. The normalization is performed by clipping all the pixel values that fall below 

0 during subtraction.  

2.2.2. Postprocessing 

After preprocessing and difference determination our framework is able to determine if the cargo area changed. 

Change in the scene reveals the information that the load has been placed in the location. In the 

postprocessing part of our methodology, we calculate the area of the load as well as its bounding box. The 

area of the load is determined as a number of white pixels in the ROI and is used as an estimation of the visible 

size of the cargo. The bounding box is calculated for all objects in the region and is utilized for the evaluation 

of load occupancy. The reason for such assessment is that the space covered by just a small part of the cargo 

cannot be used for additional purposes. The overall occupancy percentage is calculated as a ration between 

the bounding box area and the cargo area, both expressed in pixels.  

2.3. People detection 

The second task of the described research is dedicated to the detection of people at the loading site. It is an 

important issue and from the management point of view a very crucial one. Conventional approaches 

described earlier could also be used for this task, but they require a step-by-step framework that will use 

collected data and apply algorithms to extract features. These features will then be used as an input to a 

classification system. To be able to correctly extract features, one has to know the problem domain well. As a 

remedy to that problem, in 1990 LeCun et al. described a neural network that was able to make correct 

decisions without a conventional feature extraction approach [7]. From the literature review, we can notice that 

the above-mentioned approaches are applied in a variety of applications from industrial [8] data analysis to 

medical data [2] and image classification [3,14] and segmentation [9]. In this study, we investigated the problem 

of people and object detection in the videos from our database. The deep learning approaches are very well 

suited for this task [12]. In 2016, Redmon et al. proposed a new approach to object detection called “You Only 

Look Once” (YOLO) [13]. This approach proved to be useful in both object and people detection [1,12]. The 

main advantage of this method is fairly straightforward teaching of new patterns but also a large repository of 

predefined and pretrained models. In our study, we made use of one of the YOLO networks - YOLO v3. These 

methods use full images for training and they do not require feature extraction and therefore making them 

more universal to use. Nevertheless, as reported by researchers, deep learning algorithms typically outperform 

the conventional machine learning methods, but to make correct decisions these approaches require a very 

large set of training examples and usually a complicated and long learning curve. 
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3. EXPERIMENTAL RESULTS AND ANALYSIS 

For the purpose of this study, we implemented a simple image processing framework in Python v3.9 and the 

OpenCV library. For the object and people detection, an imageAI library was incorporated into the project. 

During our studies, we analyzed the videos from the collected database and calculated load parameters. 

Additionally, we run experiments with the YOLOv3 neural network to check its performance in our laboratory 

conditions. The detection results were intentionally recorded in a different environment to somehow mimic the 

unpredicted warehouse conditions.  

Figure 4 (left) shows the result of the bounding box detection and Figure 4 (right) shows the estimated load 

area and its occupancy. From these results, we can notice that the bounding box (in red) is correctly calculated. 

The imperfection on the left image is due to the shadow that the load is producing on the pallet. Further image 

processing didn’t improve the situation and introduced more background noise in the resultant image. 

Nevertheless, such a small inadequacy didn’t have much impact on the occupancy estimation. In addition to 

the bounding box determination, we show the estimation of the load occupancy percentage (right image) and 

the load area. It is important to notice that there is a part of the cargo outside of the ROI and in such a case 

we only calculated the area that was inside the cargo area (in green).  

  

Figure 4 Results of load occupancy estimation 

The next experiment involved the detection of people within the cargo area and in a different scenario. We 

wanted to take that opportunity to verify the correctness of the chosen model. In Figure 5, we show the results 

of people detection in the cargo area. It is easy to notice that the YOLOv3 architecture is able to properly detect 

a person. From Figure 5 (left) we can see that the person was detected even when only their legs were visible. 

What is important to note is the high classification accuracy of 96.52 % for this particular case. When a whole 

body was visible (see Figure 5 - right) the accuracy raised to 99.39 %. For the remaining videos, this tendency 

was maintained.  

  

Figure 5 Results of people detection in the cargo area 

In Figure 6, we showed results of object detection but in a different scenario than in the previous experiment. 

Here we can see that other objects are also detected. In this case, we can see a laptop computer that was 
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also correctly classified. In addition to the laptop, the described architecture was able to detect handbags, 

cups, chairs, and a few other objects. In this scenario, a person was detected with an accuracy of 99.72 %.  

  

Figure 6 Object detection results 

A situation that drew our attention is the significant drop in classification performance when a person exited 

the viewing field. The highest classification for object detection was recorded at 84.5 % for the laptop (Figure 6 

- left) when the person was standing next to the computer. Contrary, when the person exited the frame, laptop 

classification dropped to 33.76 % (Figure 6 - right). 

4. CONCLUSIONS 

In this paper, we have taken an opportunity to evaluate computer vision approaches to the task of automated 

visual inspection. From the results presented in the previous section, we can conclude that image processing 

techniques provide sufficient information about the storage location occupancy. This allows for further problem 

investigation in numerous areas. One of the future extensions could be an introduction of an algorithm for 

automatic cargo area determination as well as an algorithm for the detection of a load exceeding the defined 

cargo area. The second conclusion that can be drawn in this study is that the application of deep neural 

networks provided a promising classification result as high as 99.72 %. In future work, a deep neural network 

scheme could be extended with additional samples. In such a case, we could build a classification system for 

load identification.  

We believe that an introduction of a similar framework can simply warehouse operations and will additionally 

allow for object traceability and tracking. 
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Abstract 

The paper deals with the quality and logistics of transport services provided during a two-year pandemic period. 

It sets out key evaluation indicators when choosing delivery transport services. Part of the paper deals with 

theories about the logical evaluation of criteria for transport services due to the occurrence of many negative 

phenomena caused by the global pandemic situation, which is still receiving relatively much attention. This 

issue is analyzed in several ways in the paper and illustrated on the model situation of a particular delivery 

service company. The method of outsourcing is used in the paper. 

Keywords: Transport, services, logistics, pandemic, outsourcing 

INTRODUCTION 

The diversity of resource flows in the delivery transport services in conditions of constant enhancement of 

information flow, complexity of accounting and financial transactions, complexity of logistics channels for 

service flow and development of universal quality management concept requires development of unified 

systematic approach to manage flow processes and logistics functions in the company. 

Over the centuries, the whole world has had to deal with many catastrophes that have not only significantly 

affected human health, but also had a devastating impact on countries' economies. There were natural 

disasters, epidemics, chemical explosions and the latest one was COVID-19 pandemic. The year 2022 is again 

marked by the war in Ukraine. We have been fighting the COVID-19 pandemic for two years now, which is and 

will be here, as scientists are discovering more and more viruses related to this pandemic. According to 

research, the COVID-19 pandemic, which began in the Chinese city of WU-chan, is one of the largest global 

health epidemics that humanity is still facing. (Delloitte at all. 2020)[11] 

In order to stop the pandemic, various countries have taken measures such as business closures, travel bans 

between countries, hard lockdowns, curfews, etc. [1,3] This situation has affected the lives and lifestyles of 

many people: new work habits, working from home, distance learning in all types of schools, job losses, etc. 

In this life situation, a lot of people used delivery services to buy goods, and not only food, but also various 
other kinds of goods were delivered to all of us. 

The aim of this paper is to analyse flexibility, agility and also the sustainability of the delivery services provided 

in the period before and during the COVID-19 pandemic. One of the issues can be variable agility, which 

mediates the relationship between flexibility and the ability to respond on time during the COVID-19 pandemic, 

from the perspective of dynamic capability and contingency theory. 

1. METHODOLOGY SUITABLE FOR SOLVING THE GIVEN ISSUE 

To address the aforementioned issue of providing delivery services, a number of methods that could be applied 

to such an analysis were found based on the literature [7-10]. As an example, there are included the key 
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performance indicator method, the logistics performance evaluation method, etc. For the selected 

methodology of logistic evaluation of the choice of service provider in transport, the concept of evaluating 

functional performance in the transportation process can be used. This therefore means selecting a suitable 

delivery transport service provider so that the delivery service meets the consumer's expectations [1,5,6]. 

However, the aim is to assess the quality and logistics of the delivery services provided at a time when people 

were using it the most, i.e., at the time of the COVID-19 pandemic.  

2. CRITERIA FOR EVALUATING THE SELECTION OF DELIVERY TRANSPORT SERVICE 
PROVIDERS 

The criteria for evaluation and selection of delivery service providers or suppliers of material resources depend 

mainly on the requirements of consumers of the logistics system and may differ from each other. There are 

usually three or four of them, in some cases there may be more. Regardless of the specifics of the industry, 

the size of the company and the characteristics of production, the most important criteria in the evaluation and 

selection process according to the requirements of procurement logistics are the following:[6],[3] 

1) Reliability of delivery. 

2) Quality of delivered products. 

3) Price and speed of order delivery. 

4) Distance of the material flow generator from the consumer logistics system. 

5) Deadlines for execution of current and emergency orders. 

6) Ability to ensure regular supply of spare parts throughout the life of the equipment supplied. 

7) Psychological climate in the contractor's workforce. 

8) Organization of product quality management at the supplier. 

9) Creditworthiness and financial situation of the supplier. 

10) Product design and packaging 

11) Availability of reserve capacities at the source of supply. 

Another set of criteria has been proposed by Michael R. Linders and Harold E. Fearon and is used by most 

foreign manufacturing companies in the pre-selection of material suppliers. These criteria are arranged in order 

of priority: 

1) The quality of the service or product provided. 

2) Price - this is a comparison of the actual price with the required or minimum price different from other 

providers or suppliers. 

3) Quality of technical assistance and service. 

4) Repeated suggestions for product or service development to reduce price. 

5) Technical, engineering and manufacturing capabilities. 

6) Evaluation of distribution opportunities. 

7) Detailed assessment of finance and management. 

8) Timely delivery of products that have a short warranty period. 

Therefore, if we generalize these criteria by logical reasoning, we can identify the main criteria on the basis of 

which we can assess the quality of services provided in the field of delivery services at DHL in Slovakia. 

3. QUALITY ASSESSMENT OF DELIVERY TRANSPORT SERVICES PROVIDED 

DHL was one of the first companies to provide international express delivery transport services in the former 
Czechoslovakia in 1986, through the partner company Čechofracht, which changed in 1993, when a new legal 
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entity was established and DHL began operating under its own brand. Two years later, the company opened 
its own delivery center at the Bratislava Airport and 5 years later launched an air connection between Bratislava 
and Vienna.[3,4] Thanks to the strategic integration of leading freight forwarder Danzas and logistics chain 
specialist Exel, DHL's 
portfolio of services within 
Slovakia has expanded 
significantly and the company 
has grown from an express 
specialist to a company that 
today offers a comprehensive 
portfolio of logistics and 
transport services through 
five specialized divisions - 
from road, rail, sea and air 
freight, to warehousing and 
supply chain management. 
Figure 1 shows the number of 
DHL employees in Slovakia. 

Based on the short history of 

the DHL company in Slovakia, 

we will proceed to the analysis of the company, for which we used the SWOT analysis, i.e. the analysis of 

strengths, weaknesses, opportunities and threats. 

The individual items of the SWOT analysis are evaluated on the basis of attractiveness to the enterprise and 

likelihood of success. As well as strengths and weaknesses, opportunities and threats have been rated on a 

scale of 1 to 5. 

Table 1 Strengths 

Strengths Performance Importance Rate 

Globalisation 5 0.14 0.7 

First-mover advantage 5 0.16 0.8 

Product range 5 0.14 0.7 

Trademark and patents 4 0.11 0.44 

Customer confidence 5 0.15 0.75 

Worldwide service 4 0.15 0.6 

Quality certificate 4 0.15 0.6 

TOTAL 1 4.59 

Table 2 Weaknesses 

Weaknesses Performance Importance Rate 

Limited number of employees 5 0.24 1.2 

Inefficient use of capacity 4 0.26 1.04 

Relatively high distribution costs 3 0.27 0.81 

Insufficient marketing communication 3 0.23 0.69 

TOTAL 1 3.75 

Figure 1 DHL delivery company in Slovakia, number of employees 
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Table 3 Opportunities 

Opportunities Performance Importance Rate 

Entering new global markets 5 0.7 3.5 

Weak competition and the acquisition of new customers 5 0.6 3 

 Motivating employees at a high level 5 0.6 3 

Favorable distribution prices 4 0.8 3.2 

The right investment 4 0.6 2.4 

TOTAL - 15.1 

Table 4 Threats (Threats are assessed on the basis of severity and likelihood of occurrence) 

Threats Performance Importance Rate 

Cyber attacks in the supply chain 4 0.5 2 

Climate change 3 0.5 1.5 

Cargo congestion 4 0.4 1.6 

High fuel prices 3 0.6 1.8 

Cargo theft 3 0.4 1.2 

Small local courier companies 4 0.6 2.4 

TOTAL - 10.5 

Resources in tables: tables are authors' own work.  

Based on the evaluation of the strengths, weaknesses, opportunities and threats of the company, the resulting 

SWOT analysis was graphically depicted. 

Σ S -Σ W= 4.59-3.75= + 0.84 

Σ O -Σ T= 15.1-10.5= + 4.6 

 
Figure 2 Graphic representation of DHL's strategic market positions 
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The graphical representation of the SWOT analysis shows that the distribution company is very well positioned 

in the market and is in an offensive strategic position. 

The quality of services is also related to the quality of transportation, and this term means a measure of the 

quality of transportation performance, which measures the ability of a means of transport or logistics system 

to ensure certain quality parameters on a given route during transportation performance. [11] 

 Factors of a traffic-organizational nature - factors that can be significantly affected only by traffic (safety, 

reliability, speed, offer of travel opportunities, average occupancy, means of transport). 

 Factors of hygienic-transport nature - factors perceived by the passenger as travel comfort, which 
include the effects of the design, the healthiness of the environment, physical and psychological 

influences (microclimate - air temperature, air humidity, air flow, dustiness, the presence of toxic 

impurities, radiation from the surrounding walls; space in the means of transport, lighting, quality of 

driving, noise, fatigue time).[10] 

 Factors of a transport-operational nature - include additional services that are affected by the transport 

operation. 

4. COMPARISON OF PROFITS OF TWO COURIER COMPANIES OPERATING IN SLOVAKIA 

From the known statistical data, data on the profits of two courier companies operating in Slovakia and abroad 

were compared, namely: 

 DHL Express (Slovakia), Ltd. - a large logistics company that specializes in international delivery, 
courier and postal services, package delivery and express mail service. Globally, it has over 400,000 

employees and operates in 220 countries. DHL invests structurally in researching trends and developing 

solutions. It also invests in green solutions. It wants to reduce all logistics-related emissions to zero by 

2050. In 2020, DHL Express (Slovakia) increased its profit by 66 % to € 1,629 million and its sales 

increased by 11 % to € 73.49 million. Statistics for 2021 are not yet available. [14] 

 Direct Parcel Distribution SK, Ltd. - The company is better known as DPD and is a member of the 

DPD group. It focuses on parcel transportation in Slovakia and worldwide. It has a European network 

with more than 900 branches. It has products and solutions for e-shops (e.g. DPD Home), which help 

to make e-commerce more attractive and simplify the transportation of parcels. It can integrate shipping 

services into the e-shop software and ensure an efficient workflow from order to delivery. In January 

2020, DPD took over the parcel companies Geis Parcel in Slovakia and the Czech Republic. In 2020, it 

increased its profit in Slovakia by 57 % to €2,695m and grew revenue by 58 % to €49.43m. Statistical 

figures for 2021 are not yet available [14]. 

CONCLUSION 

The desire of every organisation is to differentiate itself and be exceptional. However, in the current era of 

increasing demands and growing competition, achieving excellence is not easy for many. To be successful 

and sustainably able to maintain the highest levels of performance, regardless of size or industry, organisations 

often need to use an appropriate management framework [12]. The well-established EFQM Excellence Model, 

which is an initiative of representatives of European organisations and is used throughout Europe, can provide 

such a framework for organisations in both the private and public sectors. Efforts to institutionalise the model 

were completed in 1988, when the then presidents of major companies such as Bosch, Electrolux, Fiat, Philips, 

Nestlé and Volkswagen, with the support of the European Commission, decided to set up the European 

Foundation for Quality Management (EFQM). The impetus for the creation of this model was the fact that 

frameworks for quality improvement already existed in the USA (Malcolm Baldrige Model) and Japan (Deming 
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Prize). Therefore, the creation of the EFQM Excellence Model was a necessary step on the European quality 

journey [13]. 
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Abstract 

Road bypasses of cities are built primarily for the purpose of detouring transit traffic from cities to their 

periphery. Urban roads are then released and used primarily by traffic flows with origin or destination in the city 

and inner-city individual and public transport. The use of urban roads depends, among other features, 

on the usability of the bypass in context of achievability of the surrounding municipalities. Several factors 

influence the demand for bypass, such as the distance of the bypass from the city, the access options from 

bypass to the destination. The aim of the article is to find and evaluate these factors using the possibilities 

of transport modelling. This analysis will be carried out for several categories of cities depending on their size 

and regional importance. Individual (road) transport will be monitored. 

Keywords: Bypass; roads; surrounding municipalities; factors; transport model 

1. INTRODUCTION 

The use of new and original road infrastructure is influenced by several factors. For the purposes of this paper, 

the term 'original road network' means lower category infrastructure, on the contrary, the new infrastructure is 

understood as a higher category road network, i.e., bypasses. As part of scientific activities, the author deals 

with the issue of replacing lower-category communication with higher category roads. This article uses 

an analysis using the transport model. Transport modelling provides several tools enabling the analysis 

of traffic flows. The aim of this article is to evaluate the effect of some factors in the context of bypasses, 

precisely using the transport model. It is an examination of the factors relating to the attractiveness 

of the bypass in relation to its location and parameters, on the one hand, and the location of the centres 

of interest, on the other. 

2. FACTORS AFFECTING ROAD TRANSPORT IN THE CONTEXT OF BYPASSES 

The use of higher category traffic network, in this case bypasses, depends on local circumstances. Their use 

is generally influenced by several factors, such as the intensity of traffic flows, the attractiveness of the city, 

etc. Some of these factors have already been the subject of author's research [1, 2]. In the context of this 

paper, the subject is to examine the effects related to the demand for bypass in relation to its location towards 

municipalities. The following factors should be considered in this case: 

 The attractiveness of the bypass for journeys within the city - In fact, it is a situation where it can be 
effective to use a bypass to move between local parts within a single city (or agglomerations), especially 

if such a transfer is faster, shorter, more comfortable, etc. 

 The comfort of driving on the bypass and bypassed route - This is partly a subjective assessment, 

because above all the driving comfort is a more difficult to measure quantity, which is due 

to the individual perception of everyone. 
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 Location of attractive objects in the city - This factor is related to the fact that there are objects that 

create quite large volumes of traffic, which can generally affect the choice of route. 

 Journey extensions in case of use of bypass - This factor partly results from the previous one, 
but the actual extension of the route is already quantifiable and thus it is possible to compare or assume 

the use of specific road sections, especially from a time point of view. 

In order to evaluate the above factors, it is necessary to select the appropriate quantities to be monitored 

on the road traffic. The first such quantity is the volume of traffic by which it is possible to track absolute 

changes (additions or losses) of vehicles on the infrastructure under examination. Another indicator examined 

may be the distribution of traffic flows after the opening of the city bypass. With this indicator, the ratio between 

the use of urban roads and the road bypass can be appropriately interpreted, including, for example, depending 

on some socio-economic factors [3]. Similarly, the year-on-year increase in traffic can be interpreted, both 

on bypass and urban roads, but also globally for a certain traffic flow monitored. The volume of transport itself 

also has a major impact on the sustainability of the urban environment system, as the number of emissions is 

generated precisely from transport [4]. 

In the context of the subject under examination, it is essential to distinguish between the types of bypasses 

that can be encountered in practice. These bypasses are closely related to the road category [5]. In the first 

case, therefore, these are motorway bypasses, the social benefits of which are, above all, significant for transit 

traffic flows. A specific category around motorway bypasses is those, currently built in half profile (with possible 

future extension to a fully-fledged motorway). These types of bypasses arise either as a temporary condition 

during construction or, in certain cases, for a longer period, which can be explained by the acute need to divert 

transit traffic from the city to the road, which will be part of the motorway link in the future. 

3. LITERATURE REVIEW AND METHODOLOGY 

In this chapter, the first part produces an overview of the literature in relation to the use of bypasses. 

The second part of the chapter presents literature on the issue of transport modelling and the based 

methodology of the paper. 

3.1. Use of the bypass 

When examining the issue of bypasses, it is possible to take inspiration from Article [6], which is a simplified 

model of traffic intensity on the planned bypass. When creating this model, one of the input requirements was 

that the data entering the calculation could be obtained easily. This achieves a fast and undemanding way 

of estimating the traffic load on the proposed transport infrastructure. By entering the model, statistical methods 

calculate the average daily intensities on roads of the lower and higher categories, while data from 

the feasibility study of eight sites in Bosnia and Herzegovina have been used as a calibration tool. In addition 

to daily intensities, the characteristics of the original road and bypass, such as their length, number 

of connections and the time spent driving on the original and replaced infrastructure, enter the calculation. 

The resulting model can be interpreted as the ratio of traffic density on the planned and existing roads, with 

regression analysis detecting deviations of predicted future traffic intensities from the simulated values. 

The issue of network congestion of inner-city roads is addressed in a publication [7], which confirms, inter alia, 

the announced fact that the planning of new road infrastructure in cities, be it individual or network roads, 

requires verification by an efficient and high-quality transport model. Such a model should be able to provide 

an overview of mobility as it stands, as well as to predict the future behavior of the population after 

the construction of new infrastructure replacing the original one. The design of a sufficiently high-quality 

transport model provides information on the behavior of residents with the various alternatives considered 

(route guidance options) and thus facilitates the decision on the final choice of route, which should divert 

as many vehicles as possible and save travel time. In the context of the article cited above, a practical example 
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is the conduct of a case study for the Spanish city of Badajoz, in which different variants of the routing 

and connection of the bypass to the city itself are compared. 

3.2. Transport Modeling 

The field of transport modelling and forecasting is an important part of transport planning, as it makes it possible 

to examine the various planned scenarios in the area of transport infrastructure without the need for their 

physical existence. This field of science is based on the very definition of the model, which is defined 

as an idealized imitation of the real world, enabling relevant information on the system under examination 

to be obtained in order to design and verify solutions [8]. The four-stage model is one of the basic methods 

of transport modelling, showing the movement of traffic flows over the transport network. It consists of parts 

of Trip Generation, Trip Distribution, Modal Split and Traffic Assignment. 

An important one for this paper is the last stage of the four-stage transport model, i.e. the allocation of traffic 

flows to sections of the transport network (traffic assignment). At this stage, a specific route is assigned 

for each trip. As with modal split, the most advantageous route for a particular user is chosen in this case, not 

only in terms of time or distance, but also based on a number of other, often individual factors. At this stage, 

weightings of criteria are often used, which enter the evaluation of individual parts of the transport network 

(roads, lines). It is within the level of traffic assignment that it is also possible to assess the factor of the 

existence of bypasses due to the dispersion of traffic flows in the monitored area. The quite used All-or-Nothing 

(AON) method often works with this algorithm, which forms the basic and simplest method in the traffic 

assignment phase. This method assumes that all users of the transport system will choose the shortest 

possible route for their journey by the mode of transport in question, while not allowing any alternative routes. 

It is well known that a traffic pattern satisfying the equilibrium conditions (Wardrop clause) in a transportation 

network can be obtained by solving a convex programming problem with linear constraints, provided the travel 

cost in each link is dependent only on the flow on that link [9]. The convex combination algorithm was originally 

suggested by Frank and Wolfe in 1956 as a procedure for solving quadratic programming problems with linear 

constraints and is known also as the Frank-Wolfe (FW) method. In the traffic application, the linear program 

decomposes into a set of shortest path problems [10]. The Frank-Wolfe method is one of the most widely used 

algorithms for solving routing problems in the telecom and traffic areas [11]. Its popularity is attributed to its 

modest memory requirements and simplicity. The marked advantage of the FW algorithm allows the traffic 

assignment problem to be solved without the need to store paths, which is a significant benefit for planners 

working with large-scale networks. [12]. The use of FW algorithm is diverse. In general, it is typical for him that 

the issue addressed is often high-dimensional and thus [13]. In addition to transport this algorithm is applicable 

in solute specific models that can be practically applied as groundwater quality management tools [14]. 

There are several modifications to the Frank-Wolfe transport algorithm that are adapted to the specific 

conditions detected by solvers in the past [15]. For example, a modification designed for calculation 

in a Microsoft Excel environment that is written in Visual Basic and also uses CAD-based software [10] 

The traffic assignment in this study took into account only travel time and capacity of the network. The values 

of Beta and Alpha were assumed. For best results it would be great to analyze more factors such as velocity, 

preloads, stops, etc. and use values of alpha and beta calibrated from the network. The purpose of this paper 

was to introduce solve the traffic assignment in a real network but also in order to get a better model of traffic 

assignment in any network. The work with the FW algorithm is also devoted to an article [12] in which 

the so-called ODBFW algorithm is presented. This one-OD-at-a-time flow update speeds up the convergence 

by using the path-flow information. In the study presented in the article, the authors concluded that the ODBFW 

algorithm is at least three times faster than the standard FW algorithm for reasonable congestion levels 

somewhat competitive even for unrealistic congestion levels and an order of magnitude faster than 

the modified FW with path storing. Another important advantage of this algorithm is that it significantly reduces 

the path storage requirements, if both link and path flow solutions are required from a link-flow based algorithm. 
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4. SOLUTE OF TRAFFIC ASSIGNMENT PROBLEM ON PARTICULAR EXAMPLE 

A link between Chrudim and Pardubice (CZ) was chosen as a sample example for detecting bypass effects. 

These are towns located in the Eastern Bohemian region, with Pardubice having approximately 90 000 

and Chrudim having approximately 23 000 inhabitants. Depending on the route, the distance of these 

two places is approximately 12 km. These cities are connected by the first-, second-, and third-category roads 

(ranked according to regional importance), and the first-category road forms in this case a bypass of both 

cities. Therefore, in this case, it is interesting to see whether the existence of the bypass in some way changes 

the way the transport between these cities, or how strongly and on which shows. The Figure 1 shows the road 

network between Pardubice and Chrudim consisting of the first- (red), second- (orange) and third-category 

(yellow) roads. The effects studied within the selected case include the following outcome: 

 How far is it to the bypass, and at the same time 

 How far is it to your destination (what is the share of the bypass on this route), and 

 What are the other options. 

Aimsun Next modeling software has been selected for bypass research. Within this software, a transport 

network important for journeys between Chrudim and Pardubice was created. All important intersections, road 

category, number of lanes and associated capacity were entered. In order to investigate specific factors related 

to the bypass, one part of the four-stage transport model, namely traffic assignment, was used. In particular, 

several methods of assigning traffic loads to the transport network are available under Aimsun, the implicit 

choice being the Franke and Wolfe method, with the possibility of selecting the Conjugate Frank and Wolfe 

methods, which, however, makes no difference to the chosen example. By comparison, the All-or-Nothing 

method was also used, since it is its simplicity that highlights some of the essential features of the bypass. 

 

Figure 1 The road network between Pardubice and Chrudim 

The initial step was to create that part of the transport network in the model that forms the main connections 

of Chrudim and Pardubice. This represent a first category road I/37, a second category road II/324 and a third 

category road III/34026. Multi-level junctions and substantial intersections have also been created. Average 
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speeds and capacity were determined for individual road sections based on the parameters of the roads. After 

the creation of the road network, it was necessary to create centroids that concentrate potential origins 

and destinations of journeys in one center location. Since it is a closely focused macroscopic model designed 

specifically for the purposes of this research, the number of centroids and their origin and destination loads 

corresponds to research needs. The town of Chrudim is represented a total of two centroids, one of which is 

located near the city center (Masarykovo náměstí). Up to four centroids have been created in Pardubice, 

and the one also representing the city center (Masarykovo náměstí) is essential for the article. 

To verify the effects, it was necessary to create an OD matrix that represents the number of vehicles between 

each centroid. For the purposes of this article, a model load of 100 vehicles from each to each centroid has 

been chosen (in one hour). This number has been chosen from a practical point of view, as it is thus possible 

to easily determine the relative distribution of the traffic load between centroids (100 vehicles correspond 

to 100 %). Once the required inputs had been completed, the Traffic Assignment process could be started. 

This process was started using two described FW and AON algorithms. Both algorithms achieve different 

results, but they essentially describe the situation that occurs between the two cities. A comparison 

of the results of both methods is shown in Figure 2 and Figure 3, and the differences are not so pronounced. 

 

Figure 2 Differences between Compared (AON)  

and Reference (FW) traffic assignment in each 

section 

 

Figure 3 Distribution of assigned volume by AON 

(blue) and FW (red) algorithm 

For further analysis, the output from the FW algorithm is used, because it generates more real data for the load 

on the transport network (individual drivers do not decide the same way, but differently). The static simulation 

carried out shows that the bypass does not bring virtually any benefits for the journeys to the city center. In this 

case, the bypass connected to the city center is quite eccentric, so the use of another descent would be 

counterproductive. The parameters of the bypass are also comparatively important, because it is not 

a motorway with a higher maximum speed limit, and at the same time on the eastern edge of the city the traffic 

on the bypass is slowed down due to the existence of a intersection (roundabout). Part of the passengers 

choose between Chrudim and Pardubice for the use of the bypass, but from a time point of view there will be 

no savings, but an important factor may be, e.g., driving comfort, which is higher on the road of the higher 

category in this case. However, using a second-class path appears to be the best alternative (Figure 4). 

A similar situation occurs in the case of Chrudim, where the use of a road other than the marked road (Figure 5) 

does not make sense for journeys to the city center. Unlike in the previous case, there are different options for 

connecting the bypass and the roads of the lower category depending on the direction of travel. 

For the direction Chrudim - Pardubice, there is basically only one route available when travelling between city 

centres, and therefore the choice is quite clear. The situation is different in the direction of Pardubice - Chrudim, 

where there is an alternative to the exit from the bypass closer to the city (due to the progress 

of the construction in the past), which in the overall view affects the use of the bypass in its entire route 

between the cities studied. This is an important finding as it turns out that the frequency and location 

of intersections on the bypass has a significant impact on the use of all roads in the region. 
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Figure 4 Usability of bypass to journeys to/from city 

centre (Pardubice) 

 

Figure 5 Usability of bypass to journeys to/from city 

centre (Chrudim) 

For other journeys between Pardubice and Chrudim, traffic assignment distribution is spread across all 

available roads. These roads are subject to the same conditions as those found in the model example of the 

interconnection of the centres of Pardubice and Chrudim. The location of journeys origins/destinations towards 

the bypass is therefore important. Therefore, for other parts of the city, the bypass is either unusable at all 

(eastern part) or very beneficial (western part). The example chosen showed that the way in which the two 

nearby places are connected to the bypass has a major role in its use, but depending on the parameters 

of the roads. It is important to look at the problem under examination comprehensively and also to take into 

account the available alternatives to the bypass, of which there are enough in the present case. 

5. DISCUSSION AND CONLUSION 

As explained and shown in the specific example of Pardubice and Chrudim (CZ), the use of bypasses is 

influenced by several factors. The role of access distance to the bypass is very important, depending 

on the location of the resources and destinations of the roads. Furthermore, it is mainly about the number, 

length and parameters of the connection of the bypass and the city. The effects observed in this paper were 

the use of the bypass and other roads nearby, depending on the specific conditions. A transport model created 

specifically for the purpose of researching the problem was used, while at the same time the algorithms AON 

and FW were compared. Model data shows that the AON algorithm is suitable for a quick assessment 

of the suitability of roads for individual journeys, but the FW algorithm is more sophisticated and provides 

multiple options more suited to people's decision-making. Model data was used in this model, but after updating 

it with real data, it would be possible to assess the problem more comprehensively in the context of a wider 

area and using other transport modelling functions (e.g. BPR function). It would also be possible to model 

the findings in question on the example of other places with a similar or different road structure. In addition 

to individual transport, it is also possible to monitor public transport, or to create a multimodal model evaluating 
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the territory comprehensively across all modes of transport. These topics may be the subject of further research 

in the further work of the author, or possibly also of other researchers dealing with this issue. 
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Abstract 

The paper presents an approach and corresponding software to model demand for transport services on the 

grounds of the requests flow model. The authors propose the models of demand simulation for different types 

of transport systems - a freight forwarding company, a public transport network, and a parking lot. In this paper, 

we propose basic classes implemented in the Python programming language that allows researchers to 

simulate the demand for transport services in the mentioned systems: the demand simulation procedures are 

described in detail, and references on the examples of their use are given. 

Keywords: Transport demand, requests flow, computer simulations, Python programming 

1. INTRODUCTION 

The demand model is an essential element in any decision support model in the field of transport and logistics. 

The adequacy of the applied demand model and the data used to develop it assure correct simulation results 

of a system functioning. Modeling of demand for transport services is a particularly complex problem due to a 

large number of stochastic factors forming demand and limited access to sources of up-to-date demand 

parameters. 

The development of information technologies over the past years has provided a high level of informatization 

and virtualization of technological processes in contemporary transport markets. This has granted transport 

planners the possibility to develop more precise demand models based on big amounts of data obtained in the 

real-time mode [1]. 

The literature analysis [2-5] suggests that the task of estimating demand for transport services is usually 

considered a numerical evaluation of a single parameter used to characterize customers’ needs. In most of 

the existing approaches, the estimation of demand parameters is based on the determination of their predicted 

values. Typically, the predicted value of a parameter is determined on the base of statistical data for previous 

periods, which makes it much more difficult to study the processes of demand-shaping. Such an approach 

yields incorrect estimates of the demand parameters. The classical four-step approach [6] could be effectively 

used in transport planning macro-models, but it cannot be considered as a proper tool for demand simulations 

at the level of a single public transport line, or for modeling demand for such transport systems as parking lots 

or logistics centers. 

We propose to describe the demand for cargo deliveries based on a model of the requests’ flow, which 

generates corresponding informational, material, and financial flows in a transport system. Such an abstraction 

corresponds to the used principles of communication between the transportation market entities. For example, 

in the modern markets of the road freight transportation, ensuring the needs of freight owners for cargo 

deliveries and the needs of carriers for vehicles’ load in most cases is provided under the mediation of a freight 

forwarding company as an operator servicing the flow of information about clients’ requests; as the other 

example, the parking lot could be considered: needs of drivers to park their vehicles at the certain parking form 
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the requests flow which represents demand for services; also the needs of passengers for trips could be 

represented as a flow of requests at the given stops of a public transport system, etc. 

This paper aims to represent an approach to modeling transport demand as a flow of requests characterized 

by a set of numeric parameters. In the second section, we depict the methodology of demand simulations with 

a brief description of base classes used in models; the third part contains examples of how to use the described 

concept for different transport systems: cases of a parking lot, a forwarding company and a public transport 

network are considered; the last section ends the paper with brief conclusions. 

2. METHODOLOGY 

The basic unit in the demand model is a request for transportation services - a need of a client for services, 

supported by its purchasing abilities and presented at the market to be satisfied. A set of potential and actual 

requests for the transport company’s services forms the demand for its services. Since a set of consecutive 

requests for services of transport companies characterizes demand, the demand estimation problem could be 

transformed into the problem of the request flow parameters estimation. 

A model D  of demand for transport services could be presented as an ordered set of requests: 

 , 1...η
i

i D ρ               (1) 

where: 

iρ  is the i-th request in a flow 

η  is the number of requests in a flow 

Each request for transport services could be characterized by numerous parameters. In the demand model, 

the most significant characteristics influencing the technological process of transportation should be 

considered: 

 1 2
, , ,...,

i i i i ni
t p p pρ               (2) 

where: 

it  is a time moment of the i-th request appearance 

1ip , 
2 ip , …, 

nip  are numeric parameters of the request (e.g., a shipment weight, delivery or travel 

distance, parking duration, etc.) 

Note that the set D  is ordered according to values of the appearance time: 

1 2 η 1 η
...t t t t                  (3) 

The request numerical parameters are deterministic for single requests, but a sample of the parameter for all 

the requests in the D  set characterizes respective random variables. Thus, demand for cargo deliveries could 

be described on the basis of a tuple 1 2
ζ, , , ...,

n
   , where ζ  is a random variable of a time interval between 

requests in a flow, 
1 , 

2 , …, 
n  are random variables characterizing other numeric demand parameters. 

Thus, a time moment of the i-th request appearance is be defined on the grounds of realization ζ%  of the 

variable ζ : 
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The geographic location of origin and destination points (e.g., consignors and consignees location, the bus 

stops location) we propose to describe on the basis of a two-dimensional set, in which the rows characterize 

the region, where the origin points can possibly be located, and the columns - the corresponding regions for 

destination points. The elements of such a set are sets of requests 
ijr , for which an origin is located in the i-

th region, and a destination - in the j-th region. For a flow with a finite number of elements, the set can be 

replaced by a numeric characteristic - the origin-destination matrix Δ , in which elements δ ij
 reflect the ratio of 

the number of requests in 
ijr  and the number η  of requests in the flow: 

 η
δ

η

ij

ij 
r

               (5) 

where: 

 η ijr  is the number of elements in the set 
ij

r  

To obtain data samples and to model demand for transport services, we developed the appropriate simulation 

procedures using the Python programming language. The conceptual structure of basic classes, used for 

demand simulations, is presented in Figure 1. 

 
Figure 1 Basic classes for modeling demand as the requests flow 

The Stochastic class is a basic class to model requests flow parameters as stochastic variables: it contains 

fields representing the distribution law and its numeric characteristics - parameters of location, scale, and 

shape. Values of random variables are generated by the given distribution by the corresponding methods 

(representing rectangular, exponential, normal, and other distributions) and are returned with the value 

method. 

The Flow class represents a model of demand for transport services: its field of the Stochastic type describe 

numeric parameters of requests, which are stored in the requests list. To operate with the demand model, the 
necessary functions are provided, such as generate generating the requests flow, or get_ODM returning the 

origin-destination matrix. A certain request is described as an instance of the Request class containing fields 

with the generated numeric parameters. 

Certain implementations of the classes in the presented demand model could contain additional fields and 

methods used to describe the transport system being simulated or to solve the given problem. 

 

Stochastic 

string law 

float location 

float scale 

float shape 

float rect() 
float expon() 
float norm() 
… 
float value() 

Request 

float c1 

float c2 

float c3 

… 

Flow 

Stochastic C1 

Stochastic C2 

Stochastic C3 

… 

Request[] requests 

void generate() 
int [][] get_ODM() 
… 
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3. CASE STUDIES 

3.1. Parking Lot 

Demand for parking services could be characterized by the number of vehicles, parked at the lot during the 

given time, and by the parking duration of a vehicle. For the given period, instead of the parked vehicle's 

number, we propose to use a random time interval between arrivals of vehicles. Thus, the parking demand 

PLD  could be described by a pair of stochastic values - the parking interval and the parking duration: 

 ζ ,PL PL PLtD % %                (6) 

where: 

ζ PL
%  is the random variable of the time interval between arrivals of two vehicles 

PLt%  is the random variable of parking duration per a vehicle 

The presented model of demand for the parking lot services is used in [7] for estimations of parking lot capacity. 

The code of a parking lot model is available at https://github.com/naumovvs/parking-lot-model. 

3.2. Freight Forwarding Company 

A set of current and potential requests for forwarding services shapes the demand for a forwarding company‘s 

services; correspondingly, a set of requests for services of all forwarding companies in the region represents 

the demand for freight transport services in the region, etc. A single request ρ  in this case can be described 

based on the following numeric parameters: 

 ρ ζ, ω, τ, θ                (7) 

where: 

ω  is the shipment volume 

τ  is the time between the moment when the shipment is to be delivered and the moment when the order 

was placed in the system (acceptable waiting time) 

θ  is a type of vehicle needed to service the request (box, van, dump, container, etc.) 

For a single request, the presented parameters are deterministic characteristics, however, for the requests 

flow, numeric parameters ( ζ , ω  and τ ) should be considered as random variables, and possible values of the 

variable θ  could be characterized by the respective probabilities. Thus, the final model 
FFCD  of demand for 

freight forwarding services could be presented as a set of the listed above characteristics of the requests‘ flow: 

 θ, ζ, ω, τ,FFC D Δ p% % %               (8) 

where: 

x%  is the stochastic variable characterizing the demand numeric parameter x  

θp  is a vector, the i-th element of which is the probability that the i-th type of a vehicle body will be 

needed to serve a request 

Information on the requests’ flow for a given forwarding company can be obtained from the data about the 

requests serviced by the forwarder. As it’s mentioned in [8], data on the requests‘ flow for the given segment 

of the freight transportation market can be obtained at the specialized logistics portals. 
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The described demand model was used in the optimization problem of estimating the number of vehicles [9]. 

The Java implementation of this demand model can be downloaded from 

https://www.academia.edu/31832379; also, a simple version of the simulation model solving the optimal 

vehicles number problem implemented in Python is available at https://www.academia.edu/32280513.  

3.3. Public Transport Net 

Public transport demand 
TND  we propose to present as a set of passengers intending to use the public 

transport. Each element of this set could be described on the basis of the following parameters: 

 , , , ,i i i i i i TN     Ρ D              (9) 

where: 

i  is the i-th passenger; 
i  and 

i  are origin and destination stops of a trip for the i-th passenger 

iΡ  is a set of transfer stops where the i-th passenger changes lines within his trip 

i  is a moment of time when the i-th passenger appears at the bus stop 
i  in order to perform a trip 

In order to simulate demand for travel, it is quite convenient to divide all the elements of the set 
TND  into groups 

according to the stops of the public transport network where the trips begin: 

1

LN

TN TN j

j

D DU              (10) 

where: 

LN  is the number of stops in the public transport net 

TN j
D  is a group of passengers travelling from the j-th stop of the bus line: 

 :TN j i i j  D            (11) 

Thus, for each group 
TN j

D , the parameters 
i  for the set elements can be defined on the grounds of realization 

of the random variable 
j

 : 

1

, 1, ,

, 1, ,

j i

i

i j i

i j

i j

 


  

  
 

  

%

%
          (12) 

where: 

j%  is the realization of the random variable of an interval between passengers’ appearances at the j-th 

stop 

The demand model, described above, is used for solving the problem of modeling the demand for transfers of 

passengers in a city public transport system [10]. The implementation of the model in the Python programming 

language can be forked from the repository https://github.com/naumovvs/publictransportnet. 

4. CONCLUSION 

The proposed approach allows researchers and transport managers to consider the stochastic nature of 

demand for transport services. The developed software for modeling of demand for transport services is a tool 
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for estimations of numerical parameters of the requests flow as random variables, which also considers the 

distribution of demand concerning geographic regions (if it is relevant). The proposed class library for modeling 

interactions between transport market entities is an effective tool for modeling demand for transport services, 

as evidenced by the results of the simulation experiments. 

The demand model based on the presented approach could be used as a subsystem of other more 

sophisticated simulation models to solve several problems in the area of transportation systems management, 

for example: defining the strategies of companies in the transport market, developing effective variants of the 

customer service processes, improving the vehicles fleet structure, etc. 
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Abstract  

In Europe, intermodal transport is an indispensable element of transport policy, mainly because of the 

reduction of the negative effects of road transport on the environment, fuel and energy consumption, highway 

and road maintenance costs, land take and road safety. The geographic location of the Slovak Republic 

predetermines and accentuates the importance of transit transport in the west-east and north-south directions. 

Intermodal transport in the Slovak Republic has very good conditions in the road-rail system, because the 

Slovak Republic has a well-developed rail and road network within its transport infrastructure. The aim of the 

article will be the comparison of different types of intermodal transport units transported by rail freight transport 

together with the selected type of goods. 

Keywords: Intermodal transport, railway, intermodal transport unit 

INTRODUCTION  

News, data and analysis of the various factors that are driving the continued expansion of intermodal shipping 

activity around the globe. Steady growth in the number of road freight carriers leads to greater traffic congestion 

and costly delays in delivering goods to end-users in business and consumer markets. Governments and 

regulatory bodies are introducing costly, stringent regulations to reduce vehicle emissions. Intermodal 

infrastructures are improving, along with other advances in technology for managing complex supply chains 

that operate across various modes of transportation. All of those factors are compelling many companies to 

use an intermodal combination of sea, road and railways to transport their goods on longer routes, rather than 

depend on a single mode of transportation. The cost-reduction benefits are significant for shippers, buyers, 

freight forwarders and other stakeholders in the supply chain. 

1. COMPARISON OF INTERMODAL TRANSPORT UNITS 

In Europe, intermodal transport is an indispensable element of transport policy, mainly because of the 

reduction of the negative effects of road transport on the environment, fuel and energy consumption, highway 

and road maintenance costs, land take and road safety [1]. From the user's point of view, intermodal transport 

is an uninterrupted process of transport and mechanisation complex, ensuring the transport of goods by one 

and the same transport unit from the consignor to the consignee, using a combination of rail, road, water or air 

transport throughout the transport [2,3].  

Intermodal means of transport are used to facilitate and simplify the handling of goods during their transport. 

The selection of suitable transport means significantly reduces the risk of damage to goods during transport 

and during loading operations. In intermodal transport, the means of transport are intermodal transport units, 

namely: large containers, swap bodies, road trailers and combination vehicles [4].  
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1.1. Containers 

Large containers are the most widely used intermodal transport units. They are standardised worldwide and 

special equipment is used for their handling, which is equipped with a hanging frame. A large container has 

either one door located on the front wall or two additional side doors. These containers can be stacked in 

several layers, however, depending on the handling prostired. The handling means grasps the container by 

the upper corner elements by means of a hanging frame. After turning the locks on the frame, the handling 

means can safely stack the container [5,2]. They are designed for the transport and short-term storage of a 

wide range of packaged and unpackaged piece materials. Goods can be on pallets, loose or in bundles. Large 

containers can be divided into general-purpose and special-purpose containers according to their purpose and 

use. Large special containers include the following types: open containers, tipping containers, bulk containers, 

flatbed containers, tank containers, etc. Special large containers are designed for the transport and also 

temporary storage of only a certain type of material or materials of a certain group, e.g. liquid, bulk, powder, 

long. These containers are also suitable for materials that require special conditions during transport, storage 

and loading operations. For the transport and short-term storage of bulk bulk substrates that do not need to 

be protected from the weather, open tipping containers are suitable. A flatbed container is designed for the 

transport of larger machinery units, products with a higher weight, or long lump materials not requiring 

protection from weather conditions [6]. For the transport of various liquid substrates, liquids, oils, it is most 

suitable to use a tank container. The desire of intermodal transport operators to transport as many goods as 

possible in one intermodal transport unit has resulted in large volume containers, so called High Cube 

containers. In the ACTS system, special containers are used, which are transported on special rail wagons or 

on car carriers 

1.2. Interchangeable superstructures 

They were originally designed as a flooded truck bed built on the bottom frame of a container so that it could 

be transferred from wagon to car and vice versa. The swap body is a unified and detachable cabinet from the 

vehicle. The basic dimensions, total weight, fixing and retaining elements are unified. Interchangeable bodies 

have become widespread, especially in European countries, where they have also reached their greatest 

development [7]. Interchangeable superstructures eliminate some of the disadvantages of large containers: 

 the loading area of the swap body is derived from the dimensions of the euro pallet, thus achieving a 

more efficient use of the loading area; up to 17-euro pallets can be loaded in a single tier in a C-type 

swap body, 

 the swap body can be folded and loaded onto a road vehicle at the end points of transport without the 

aid of a handling device. 

The disadvantage of swap bodies is that they cannot be handled with the same gripping equipment as large 

containers. Another disadvantage is that they generally cannot be stacked. This problem can be solved by 

using a hanging device on which there are hinged arms that can be part of the hanging frame. Interchangeable 

superstructures are available in a larger length range than large containers. There are also a variety of designs, 

ranging from full-walled enclosed, to the sidewall, to tarpaulin covered, to tank-type, and with the possibility of 

special equipment for transporting different types of goods [9,10].  

1.3. Road semi-trailer 

Road semi-trailers are considered as means of transport in direct road transport, but in intermodal transport 

systems they can also be considered as a means of transport. They serve as an intermodal transport unit in 

which the goods are transported and the whole transport unit is transferred to another means of transport. 

Road semi-trailers used as intermodal transport units can be divided into three basic groups: standard 

construction road semi-trailers, special construction road semi-trailers, double road semi-trailers [11]. A 
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conventional road semi-trailer is a trailer designed to be coupled to a semi-trailer tractor, with part of its total 

weight being transferred to the semi-trailer tractor. The semi-trailer is designed for the transport of goods and 

may be a flatbed, tipper, box, special, etc. By rail, these road semi-trailers of conventional construction are 

transported in basket railway wagons.10 road semi-trailers of special construction do not differ visually from 

conventional road semi-trailers of conventional construction. However, they are structurally adapted for vertical 

transshipment [10,11]. In contrast to conventional road trailers, special purpose road trailers have several 

disadvantages:  

 they have to be structurally reinforced for vertical handling and transport on special railway wagons, 

which makes them more expensive to manufacture and therefore more expensive to buy, 

 they have a greater dead weight and therefore a lower load weight [12].  

Double-deck semi-trailers are similar to conventional road trailers, but are of more robust construction and also 

differ in special structural modifications. The semi-trailers have a reinforced and structurally modified frame so 

that they are capable of running on the railway. The main disadvantage of these semi-trailers is again its 

increased dead weight [13,14]  .  

1.4. Retenpal 2.0 

Pallets, like other means of transport, are an important rationalisation element in material handling. They 

enable the transported goods to be combined into larger handling units. These are so-called palletising units, 

which facilitate and simplify the handling process. Retention pallets were originally intended as a storage 

solution to prevent spillage of spilled liquids on the warehouse floor. It was soon realised that the pallets could 

be customised for transport to suit the needs of logistics operators. Importantly, Retenpal 2.0 can have 

Schoeller Allibert's RFID or SmartLink® sensor technology for completely transparent, safe and secure asset 

management. Retenpal 2.0 are hygienic, retractable and ideal for transporting shellfish and fish crates and will 

prevent wet floors. They are the next generation of sustainable spill control solutions. Food safe, robust and 

built to withstand extreme temperatures from -20°C to +40°C, they are the perfect choice for industries 

including food processing, retail, industrial manufacturing, pharmaceuticals, cosmetics, chemicals and pooling. 

Easy storage and transport of goods thanks to a great 45 % retract ratio, optimising loading, reducing the 

number of trucks and their rotations while maintaining product quality [15,16].  

Food safe and built to withstand extreme temperatures from -20°C to +40°C, each pallet of Retenpal 2.0 can 

hold up to 700kg and ensure any leaked liquid is contained. The unique pallet is specially designed with 56 

retention cells and provides a retention capacity of up to 37 litres, limiting ripple effects during transport and 

therefore preventing truck fouling. Retenpal 2.0 guarantees strength and rigidity as it is made from a single 

piece of medium density food-grade polyethylene with reinforced board and feet [16,17]. It has no hard-to-

reach areas, making it easy to clean and meeting the strictest hygiene requirements. The pallet comes in two 

basic versions, either with or without RFID, with standard dimensions and standardized fork pockets. Four 

large areas for marking offer the possibility of engraving and stamping on both long and short sides. This 

enhanced identification allows for better pallet fleet management. With new tracking and tracing capabilities 

only available for Retenpal 2.0, this pallet solution enables any logistics operator to easily manage their asset 

pool and responds to consumer and supplier demand for full traceability [17,18]. 

2. TRANSPORTING CEMENT USING 3 DIFFERENT INTERMODAL UNITS 

This chapter contains an analysis of the selection of a suitable means of transport and rail vehicle in intermodal 

transport. We have selected cement, which is stored in bags, as the commodity to be transported and analyzed 

for this paper, an example is shown in Figure 1.  
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Figure 1 Cement in bags [19] 

The pallet is an elevated platform as a transport means with loading and supporting floor for forked mechanized 

handling, it is adapted for stacking. Pallets of standardised dimensions 1 000 mm x 1 200 mm x 100 mm (ISO) 

or 800 mm x 1 200 mm x 144 mm (EUR) up to a weight of 25 kg and a load capacity of 1 500 kg are most 

commonly used. Pallets enable the formation of intermodal load units (larger handling units), better utilisation 

of the loading space of the means of transport, speed up and economise loading operations, increase safety 

and enable mechanised cargo handling. The weight of cement in bags for transport is 350 tonne, while the 

weight of one bag of cement is 20 kg. We will use Europallet to transport the cement in sacks. 

2.1. Transportation of cement in bags by road semi-trailer 

As a first option, we chose to put the bags of cement on pallets and load them into a road trailer. We then 

determine a suitable wagon to transport this intermodal transport unit. The total quantity of cement in bags is 

350 tonne. A total of 17,500 bags of cement will be transported. There will be 6 bags loaded on a single layer 

on a pallet, since the content area of the pallet is 0.96m2 and the area of one bag of cement is 0.135m2. The 

weight of one layer loaded on the pallet is 120 kg. In total, 8 layers of bags of cement are loaded on the pallet, 

which makes 960 kg of bags of cement loaded on one pallet. In total we will need 365 pallets for this transport. 

The weight of one loaded pallet is 985 kg of which 25 kg is the weight of the pallet. The total weight of the 

consignment is therefore 359,125 kg for the bags of cement and the pallets together. 

 

Figure 2 Road trailer-Safe Curtain trailer [20] 
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We have selected the Safe Curtain Trailer, a manipulable road trailer, as the intermodal transport vehicle, 

shown in Figure 2. The internal length is 13.62 meters, the internal width is 2.48 meters and the internal height 

is 3 meters and the dead weight of the road trailer is 6.6 tons. The floor can accommodate 34 Euro pallets and 

the maximum loading weight is 29 tonne [20].  

29 Euro pallets can be loaded into one road semi-trailer. The full capacity of the semi-trailer cannot be used 

due to the maximum load weight of the vehicle. A total of 13 road semi-trailer trailers are needed to transport 

350 tonne bags of cement.  

The semi-trailers will be partially loaded on a Sdggmrss series wagon. This wagon series is a modern solution 

for transporting road semi-trailer trailers. The wagon series can also be used for the transport of swap bodies 

and various types of containers that are suitable for transport by rail. It is possible to load 2 road semi-trailers 

on the rail wagon. In this first case, 7 rail freight wagons will be needed to transport 130-tonne bags of cement.   

2.2. Transportation of cement in bags by means of an exchangeable superstructure 

For the second option, we chose to transport the cement in sacks by means of exchangeable superstructures 

and subsequent loading onto a railway freight wagon. The basic characteristics of the transported goods 

remain the same as in the first variant. The type of swap body is C715. It is a swap body with a double-sided 

ejection tarpaulin. The total load capacity of the superstructure is 16000 kg. Based on the limiting factor of the 

maximum load weight, 16 pallets can be loaded into one swap body. A total of 23 swap bodies are required. 

In view of the choice of swap bodies, the Sgnss series wagon was chosen for rail transport. The technical 

characteristics of this type of wagon correspond to the transport of 2 swap bodies. All limiting parameters such 

as the loading weight of the wagon and also the axle load are met. Due to the higher number of swap bodies, 

12 Sgnss freight wagons are required. 

2.3. Transportation of cement in bags in containers 

In this third and last variety, the calculation of the number of containers when transporting cement in bags is 

made. The basic characteristics of the transported goods remain the same as in the first variant and the second 

variant. For this variant, a 20-foot container with a loading weight of 28,200 kg was chosen. A total of 13 Euro 

pallets will fit into this type of container. Based on the calculations, it was found that 29 containers would be 

needed to transport 350 tonne of cement stored in bags. For the transport of containers by rail, a 4-axle wagon 

of the Sgnss series has been designated, which is suitable for the transport of ISO containers. Three 20-foot 

containers can be loaded on this type of wagon, and of course, the loading weight of the wagon must not be 

exceeded. In this case, the maximum permissible load weight of the wagon will not be exceeded either. For 

the Sgnss series, 10 railcars will be required to transport 350 tons of cement. 

3. CONCLUSION 

Climate change and environmental degradation pose an existential threat to Europe and the world. To address 

these threats, the European Green Deal will transform Europe into a modern, competitive and resource-

efficient economy. With transport accounting for around 5 % of EU GDP and employing more than 10 million 

people in Europe, the transport system is vital for European businesses and global supply chains. At the same 

time, our society pays a high price: greenhouse gas and pollutant emissions, noise, traffic accidents and 

congestion. Emissions from transport now account for around 25 % of the EU's total greenhouse gas emissions 

and have been increasing in recent years. Intermodal transport must therefore be brought to the fore and its 

strengths exploited. The paper compares the number of intermodal transport units needed with the number of 

rail freight wagons needed. In terms of the lowest number of rail wagons, the first option is the first one, using 

road semi-trailer trainsets with 13 and only 7 rail wagons.  Intermodal transport is one of the most optimal 

options for transporting goods over long distances. The article therefore concludes that it is essential to 

highlight the need for immediate support for European legislative processes in helping individual states to 
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promote intermodal transport.  The article clearly pointed out the variety of means of transport used for the 

different modes of transport.  Another contribution of the article is that it is desirable to consider which type of 

means of transport will be chosen on the basis of criteria, i.e. the type of consignment, the type of road trailer 

or other type of transport unit being transported. It is necessary to continue this research and focus further on 

the saved emissions discharged into the environment or noise savings and the lightening of road traffic and 

increased road safety.  
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Abstract  

In logistics processes, we are currently observing trends related to reducing people's work in favor of the 

implementation of automated systems. It is influenced by the changes in the organization's environment and 

enterprises. The most frequently used autonomous systems supporting logistic operations include ground 

vehicles (e.g., AGV). However, many researchers emphasize that unmanned aerial systems will be the critical 

technology for factories operating following the Industry 4.0 concept. Companies from high-risk sectors are 

interested in automating routine logistics operations. In their case, the effect of implementing autonomous 

vehicles is to increase the efficiency and effectiveness of the process and reduce the occurrence of human 

errors, which are the source of adverse events. The article aims to present a project to implement an unmanned 

aerial system to handle internal manipulation operations between a warehouse and a laboratory at a 

manufacturer in the chemical sector. The research was conducted following the assumptions of the Business 

Process Management lifecycle. However, due to the level of advancement in the implementation of the 

presented project, the article will show the results of the first three stages of the research procedure: (1) 

Process discovery, (2) Process analysis, (3) Process redesign. Based on the analyzes, the main threats related 

to the implementation of the new solution were identified, as well as the potential benefits.  

Keywords: Drones, unmanned aerial system (UAS), internal transport, safety, logistic service  

1. INTRODUCTION 

In logistics processes, we are currently observing trends related to reducing people's work in favor of the 

implementation of automated systems. It is influenced by the changes that occur in the organization's 

environment and enterprises. The most important of them include: (1) the growing importance and 

development of the Industry 4.0 concept and the related Logistics 4.0; (2) demographic changes causing high 

levels of turnover, high labor costs, and difficulties in recruiting employees; (3) continuous improvement of 

processes by eliminating the leading risk factor, which is human error. The implementation of automated 

solutions, including autonomous vehicles, also brings certain economic benefits [1]: (1) the capability to 

function on a 24/7 basis; (2) the minimization of labor cost; (3) the low maintenance cost; (4) the enhanced 

accuracy in daily activities; (5) the improved safety at industrial facilities. For this reason, automation usually 

concerns routine or dangerous operations for humans. 

The most frequently used autonomous systems supporting logistic operations include ground vehicles (e.g., 

AGV). However, many researchers emphasize that the critical technology for factories operating following the 

Industry 4.0 concept will be unmanned aerial systems [2]. Kostrzewski et al. [3] indicate in their research that 

by 2025 the use of unmanned aerial vehicles in logistics processes will be one of the leading development 

trends not only in Logistics 4.0 systems. Today, the scope of logistic applications for UAS includes [4]: internal 

logistics of the company, identification of products in a warehouse, supervision over the company's 

infrastructure, and last-mile deliveries in highly urbanized areas. Research conducted by Wawrla et al. [5] 
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indicates the wide use of drones, primarily in cargo warehouse handling. This is also confirmed by numerous 

business reports and descriptions of implementations, which usually relate to supporting warehouse processes 

[6,7]. Figure 1 shows the most popular areas of application of drones in warehouse operations. 

 

Figure 1 The use of drones in warehouse operations [5] 

The use of drones in logistics operations is also an issue that has been of particular interest to researchers in 

recent years. This is due to the fact that the implementation of these systems in logistics processes still 

generates numerous challenges and drawbacks as [8]: (1) technological challenges; (2) operational 

challenges; (3) organizational challenges; (4) legislative challenges; (5) societal and mental challenges. 

Among the publications on the implementation of UAS in logistics processes, noteworthy [9,10]. Also, the 

authors of this article have been conducting research on the analysis and assessment of risks related to 

implementing drones in warehouse service processes for two years. Our research so far concerned mainly the 

use of drones in the inventory audit process, and the obtained results were presented, among others, in [11,12]. 

Increased interest in the use of autonomous systems can be observed in sectors with a higher risk of operation. 

In these sectors, taking care of the safety of processes, systems, and employees is the main factor driving the 

organization's continuous improvement. One of such sectors is the chemical industry. The chemical sector is 

considered one of the essential branches of the economy. Due to its specificity, this industry cultivates the 

concept of a safety culture in the organization. It looks for solutions to eliminate human errors, the negative 

consequences of which may affect the company's operations and the environment. For this reason, enterprises 

from this sector are interested in implementing autonomous solutions that will reduce personnel participation 

in routine and hazardous operations related to the flow of hazardous substances. One of such processes is 

the transport of material samples for laboratory tests. Therefore, the article aims to present a project to 

implement an unmanned aerial system to handle internal manipulation operations between a warehouse and 

a laboratory at a manufacturer in the chemical sector. In addition to introductions, the article's structure includes 

section 2, which presents the methodology of the research. In section 3, the authors contributed and described 

the results obtained. The most important conclusion is presented in section 4. 

2. METHODOLOGY 

The research was conducted following the assumptions of the Business Process Management lifecycle, which 

includes five stages of the procedure [13]: (1) Process discovery; (2) Process analysis; (3) Process redesign; 
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(4) Process implementation; (5) Process monitoring and controlling. Due to the level of advancement in 

implementing the presented project, the article will deliver the results of the first three stages of the research 

procedure. The characteristics of the methodology, along with the research tools used and the results, are 

presented in Figure 2.  

 

Figure 2 Research methodology stages 

Stage 1: The first stage of the research focused primarily on identifying and characterizing operations in the 

analyzed process. To create a process map and competence maps, the company's documentation was 

investigated, particularly the applicable procedures and scopes of duties of persons involved in the process. 

The source data was supplemented with the results of accompanying observations and unstructured direct 

interviews with process participants and managerial staff, which described (supplement the descriptions) the 

course of the process in the standard version and emergencies. The level of employee involvement and the 

technical and information infrastructure used was determined based on a resource analysis. The "as-is" 

process model was obtained as a result of the research work. 

Stage 2: The "as-is" process model provided the basis for detailed process analysis. Due to the specific nature 

of the enterprise, the assessment was focused both on the criteria of effectiveness and efficiency of the process 

implementation, as well as on safety aspects. For this reason, the analyses included identifying threats and 

assessing the risk of adverse events occurring in the currently performed operations. The following tools were 

used for the analysis: cause and effect analysis, brainstorming, what-if analysis, and 5 x Why. A cost analysis 

was also carried out following the assumptions of the Activity Based Costing concept. The result of the 

analyzes was a list of the existing hazards and limitations of the current process, together with an assessment 

of their consequences. 

Stage 3: The response to the results of Phase 2 was preparing a proposal for a new sample transport system 

using an unmanned aerial system that would eliminate the worker delivering samples between the warehouse 

and the laboratory from the process. The introduction of an autonomous system improves the efficiency and 

effectiveness of the current process and reduces the occurrence of identified adverse events. However, its 

implementation generates new adverse events with different characteristics. Their identification is required 

already at the stage of designing a new process. Therefore, in stage 3, identifying potential hazards related to 

the use of UAS in the transport of samples was carried out. The output of step 3 is the "to-be" process model. 
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3. RESULTS 

The research was conducted in a manufacturing company in the chemical sector. The enterprise carries out 

its processes in several units located in one construction complex. The undertaken research procedures made 

it possible to identify and evaluate the current course of transporting samples between the warehouse and the 

research laboratory. An illustrative diagram of this process is presented in Figure 3. 

 

Figure 3 The traditional process of transporting samples of hazardous substances 

A dedicated warehouse employee handles the current process of transporting samples between the 

warehouse and the laboratory. This person is obliged to take a suitcase containing four samples with 

hazardous substances once an hour (8 deliveries a day) and deliver them to the laboratory. The distance 

between the warehouse and the laboratory is about 1000m, but due to the road layout, the employee must 

travel 1300m. A passenger car is used for transport, driven by an employee responsible for transportation. An 

employee takes samples from a warehouse on the 2nd floor and goes downstairs to the car. Then he transports 

the pieces to the laboratory, which is located on the 3rd floor of the second building. There is no elevator in 

both buildings - the employee travels with a suitcase on a staircase that is accessible to other people. The 

average transport time is a minimum of 10 - 15 minutes. The conducted analysis of the costs of activities was 

focused primarily on the costs of the resources involved in the process, including the costs of the employee 

and the cost of moving the load with the use of a car. Based on the obtained results, the logistics director 

assessed that the current process method is ineffective. At the same time, due to the type of transported cargo, 

there is a risk of negative consequences for the health of the worker involved in the process and the 

environment.  

After analyzing the current state of affairs, 

the company recognized the legitimacy of 

automating this process. Among the 

arguments in favor of the automation of this 

process, the following were distinguished: 

(1) considering the process of moving 

samples as routine activities, (2) the 

possibility of human error, the consequence 

of which will be the loss of cargo or the risk 

of loss of health to employees; (3) release of 

existing resources (employee + car) for 
more complex operations; (4) shortening 

the process implementation time and 

response time to the existing transport 

need. 

Figure 4 The autonomous process of transporting samples 

of hazardous substances 
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For the company's needs, a design of a new system for transporting samples with hazardous substances was 

developed. The new process diagram is presented in Figure 4, and the requirements for the designed system 

are presented in Table 1.  

Table 1 Requirements for transportation of samples  

Requirement Specification 

Autonomy level The flight is 100 % autonomous 

Distance Flight of the drone for a distance of up to 1000 meters 

Freight 4 vials containing hazardous substances 

Frequency 8 times a day (on average, one transport per hour) 

Battery charging Charging stations at shipping and pickup locations 

Safety The flight is carried out in conditions that are safe for employees and the environment 

For the developed solution, an analysis of the risk related to the autonomous implementation of the sample 

transport process was carried out. The critical hazards in the new system include: (1) the presence of objects 

at the height of the drone flight that should be taken into account when planning a mission (e.g., trees); (2) 

possible collision of the drone with other flying objects (birds, insects); (3) loss of communication with the 

aircraft while on a mission. A significant limitation of the implemented solution is the permissible load weight 

not exceeding 5 kg. It results mainly from the parameters of the load capacity of the drone used and the 

requirement of an autonomous flight in an open space (exposure to atmospheric factors). However, the use of 

a drone reduces the time of transport service to 4 minutes (2 minutes of flight + 1 minute for take-off + 1 minute 

for landing). This means that the flight frequency can be increased if there is a need to transport more samples. 

4. CONCLUSION 

The article presents a proposal to automate the process of transporting samples between the warehouse and 

the laboratory in a selected company from the chemical sector. Due to the contact of employees moving the 

cargo with a hazardous substance (risk of losing health and negative impact on the environment) and the high 

costs of the current implementation of this process, the company decided to implement drones in the sample 

transport process. Thanks to the implemented unmanned aerial system, the company will increase the 

efficiency and effectiveness of the current cargo handling process. However, it should be remembered that the 

introduction of an autonomous solution, on the one hand, will reduce the risk of human errors. Still, on the 

other hand, it is exposed to other adverse events related to the functioning of such a system. For this reason, 

in addition to the analysis of future benefits, it is also necessary to analyze possible hazards already at the 

stage of designing the proposed solution. In the risk assessment process, at this stage, it is crucial to test the 

proposed solution, analyses prepared by experts should complement the results of which. The initially 

developed solution is usually universal - it does not consider specific adverse events resulting from the 
environment of the missions being carried out and the specificity of the transported cargo. Thanks to the risk 

assessment results, the project can be customized, thanks to which the impact of the existing hazards will be 

minimized.  
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Abstract 

Manufacturing companies are under great pressure in the current highly competitive environment. High 
customer demands as well as pressure from the competition are forcing companies to streamline all their 

processes. In this situation, it is increasingly important to optimize the company's logistics processes. The 

production of iron in a blast furnace is extremely demanding in terms of the large volumes of raw materials that 

must be continuously available. At the same time, some technological processing of these raw materials is 

necessary before using them. There are also other stock items that have fundamentally different consumption 

and volume. Iron production is also specific in terms of the continuous operation of the blast furnace itself. 

Therefore, it is necessary to constantly provide the required quantity of feedstock. The bulkiest raw materials 

in terms of quantity are iron ore, alkaline additives and blast furnace coke. Three types of material used were 

analyzed in the research carried out. Two types were related to the most voluminous stock items listed above. 

The third type of stock item is one of those that is expensive but is consumed rather irregularly - spare parts. 

The aim of this paper is to assess the variability in consumption for the stock items in question. Standard 

logistics tools from the field of stock classification methods were used for the evaluation. The research was 

conducted in a selected metallurgical company in the Czech Republic. 

Keywords: Logistics, metallurgical production, costs, process 

1. INTRODUCTION 

Industrial production is currently one of the most challenging areas of business. Manufacturers in all industries 

are confronted with major changes in technology, but also with changes in customer requirements. Customers 

are placing increased emphasis on quality, speed and, above all, flexibility in delivery. The highly competitive 

business environment forces companies to continuously look for potential opportunities to reduce costs. 

Increasing the efficiency of your processes, eliminating sources of waste and reducing costs can also be 

referred to by the term - manufacturing mastery [1,2]. 

An important business segment that is gaining more and more importance is logistics. Especially in the area 

of inventory management, which can have a major impact on a company's competitiveness. Inventory 

management can be understood as the efficient handling and effective management of stock items, the use 

of all reserves that exist in this area, and respect for all factors that affect the effectiveness of inventory 

management [2,3,4]. 

The existence of stock items at a time when they have no use, when there is no demand for them, is a waste 

of resources. The absence of stock items at a time when the customer's order needs to be fulfilled leads to 

lost sales and consequently to a loss of both customers and the company’s reputation [5,6,7]. In the area of 

continuous production processes, it is naturally necessary to maintain adequate quantities of stock items, given 

the need for their technological adjustment. An example is the agglomeration processes that the ore 

concentrate undergoes before entering the blast furnace operation. Therefore, it is necessary to maintain an 

adequate amount of stock items within these production processes, due to the time required for their 

modification [8,9,10].   
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In general, metallurgical production processes are very specific in terms of optimization and inventory 

management [11]. The material flows taking place in metallurgical companies represent a huge amount of 

material. In the case of major feedstocks such as ore, coke and alkaline additives, this is in the order of millions 

of tones in a single year. At the same time, some raw materials need to be processed before they can be used. 

For example, iron ore undergoes a process of homogenisation and subsequent sintering. All of these aspects 

affect inventory management in a metallurgical plant.  

This paper deals with the results of the research conducted on inventory optimization in a metallurgical 

organization. The aim of this paper is to conduct an analysis of the variability of consumption for selected 

groups of stock items. The method of assessing consumption variability, also sometimes referred to by the 

acronym XYZ, was applied for the evaluation. The research was carried out as part of a long-term study carried 

out in a selected metallurgical company. 

2. PROBLEM FORMULATION 

Variability analysis is also often referred to as XYZ analysis and is one of the basic statistical tools used in 

inventory management. Unlike the Pareto analysis, this method assesses the regularity of consumption. It is 

logical that the approach chosen for materials whose consumption is regular will be different than for those 

materials that are used more sporadically. Items are classified into three or more groups. Group X contains 

items with highly regular consumption that do not have significant fluctuations in consumption. Group Y 

contains items that show strong seasonal fluctuations or trends. Group Z contains items whose consumption 

is particularly irregular and the possibilities of forecasting consumption are limited. Items are classified into 

groups X, Y, Z according to the value of the coefficient of variation (Equation 1). 

� � !"
#̅ × 100                                                                                                                        (1) 

where: 

Sx - standard deviation 

x& - arithmetic mean 

The principle of grouping is shown in Table 1. The coefficient of variation essentially determines the very 

heterogeneity of the statistical population. The greater dispersion and remoteness of individual values from 

the measure of the mean position will imply a higher degree of variability in consumption [12,13]. The coefficient 

of variation is determined as the ratio of the standard deviation and the simple arithmetic mean. The procedure 

for preparing the XYZ analysis can be summarized as follows: preparation of a record of inventory consumption 

for a certain period, determination of the average and standard deviation, determination of the coefficient of 

variation, classification of items into individual groups. It is then appropriate to use data for a longer period of 

time to measure the variability of consumption [2].   

Table 1 Principle of group classification 

Group Coefficient of variation (%) 

X 0-50 % 

Y 50-90 % 

Z over 90 % 

The classification into groups as shown in Table 1 is not the only option. In the case of stock items with smaller 

fluctuations in consumption, the individual groups can be divided by up to 25 %. The XYZ classification then 

determines the appropriate strategy for each group corresponding to that level of variability. For Group X, the 

principles of safety stock can generally be used. For items with extreme variability, other inventory parameters 
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must also be evaluated. In the framework of the conducted research, variability analysis was applied to 

selected groups of stock items. 

3. EXPERIMENTAL WORK 

In the framework of the conducted research, selected stock items within the metallurgical production were 

experimentally assessed. Consumption was analyzed for three categorically different types of stock items. The 

consumption of ore, basic raw materials (limestone) and two types of selected spare parts was assessed. In 

the case of ore, the monitored metallurgical enterprise currently uses mainly ore from Ukraine (Ore I.) and 

Russia (Ore II.). Before heat treatment, the ore undergoes a homogenisation process, where its chemical 

properties are averaged out. Table 2 also shows data on the consumption of basic raw materials (limestone 

CaCO3). Again, two types of basic raw materials used were evaluated. Basic raw materials are used in pig iron 

production mainly for alkalinity adjustment reasons. Their use is increased when the metallurgical company 

utilities mainly ore which is acidic in nature. The third group of stock items analyzed is spare parts that are 

used in production. Iron production in the blast furnace is characterized by its continuous process.  Any 

interruption in the production process can have quite disastrous consequences. Given these facts, the 

availability of all stock items, including spare parts, is a key factor.      

Table 2 Data for the types of stock items assessed 

 Consumption of stock items 

Month Ore I. Ore II. Limestone I. Limestone II. Part I. Part II. 

 
(thousands of 

tones) 
(thousands of 

tones) 
(thousands of 

tones) 
(thousands of 

tones) (pieces) (pieces) 

January  101 70 23 40 2 0 

February 99 68 20 11 0 0 

March 102 71 22 34 0 0 

April 105 69 19 22 6 4 

May 99 50 38 31 1 0 

June 100 51 21 20 12 10 

July 104 69 23 22 0 0 

August 110 72 21 26 4 2 

September 99 71 20 24 6 0 

October 101 68 29 21 0 0 

November 104 65 22 19 0 2 

December 102 69 24 8 1 0 

Average 102.2 66.1 23.5 23.2 2.7 1.5 

Sx 3.1 7.2 5.0 8.6 3.6 2.8 

Vx 3.0 %: 10.9 %: 21.4 %: 37.0 %: 133.8 %: 189.5 %: 

Group X X X X Z Z 

Consumption data for the stock items evaluated are presented in Table 1 for a period of one year. In the case 

of ore and limestone, the consumption figures are in the order of thousands of tones, while in the case of spare 

parts they are in units. The consumption of all types of stock items was analyzed using the method of analysis 

of variance (XYZ). Table 1 shows the calculated values required to determine the key parameter, which is the 

coefficient of variation (Vx). Within Table 1, the calculated mean and standard deviations are given for the 
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data. Based on these sub-parameters, the value of the coefficient of variation (Vx) was determined through 

Equation 1. On the basis of its value, the individual items are classified into their respective groups. The 

groupings were made on the basis of the ratings shown within Table 1. 

4. RESULTS AND DISCUSSION 

The analysis of variance that was performed classified the observed types of stock items into their respective 

groups. The lowest variance value was found for the utilized ore materials (3.0 % and 10.9 %). These items 

have been classified in Group X. These are raw materials that are used evenly throughout the year. This is 

due to the essentially constant output of the blast furnace. Regularity in consumption allows for superior 

planning. In the context of feedstocks, the need to treat and process them before use must also be taken into 

account in the planning. The evolution of the consumption of the ore I. stock item and its average value is 

shown in Figure 1. 

 

Figure 1 Consumption trend for the stock item - ore I. 

In the case of Limestone I and II, the analysis revealed a significantly higher level of variability (21.4 % and 

37 %, respectively). Although the items are again classified in group X, the value of the coefficient of variation 
shows a more pronounced fluctuation in consumption than is the case for ore. This may be related to the ore 

materials used. Their higher acidity will require the use of more limestone as the alkaline component. At the 

same time, limestone can also be fed into the blast furnace independently in case of a change in technological 

parameters. A slightly higher value of consumption variability can therefore be expected for this stock item. 

The trend in consumption of limestone II is shown in Figure 2. 

The third type of stock item analyzed was spare parts. In their case, a high variability in consumption was 

identified for both items under study. This is due to the nature of this group of stock items, which are not used 

regularly but mainly in the event of unforeseen breakdowns. The coefficient of variation for those items was 

133.8 % and 189.5 %. On the basis of these values, the items were assigned to group Z (high variability). In 

the case of these items with high variability in consumption, the potential consequences of their shortage need 

to be accurately assessed. In the event that their unavailability should threaten the continuity of production, it 

is necessary to have an adequate amount of these items in stock. This is even more crucial in metallurgical 

production due to the continuous nature of the production process. Figure 3 shows the variability in 

consumption for a given segment of stock items. In the case of spare parts, it is also possible to use selected 

methods to predict their future consumption. 
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Figure 2 Consumption trend for the stock item - limestone II.  

 
Figure 3 Consumption trend for the stock item - spare part II. 

Planning the consumption of spare parts is then crucial when it comes to high-cost stock items. In the 

metallurgy sector, this can be, for example, selected key parts for the continuous casting section. In some 

cases, these may be spare parts that are not immediately available or need to be individually manufactured. 

When it comes to parts that would mean stopping the production process in the event of a failure, it is essential 

to have these costly and unique parts in stock. The principles for determining safety stock levels can also be 

used for individual groups of stock items. This is suitable for stock items with a high regularity in consumption 

where consumption can be confidently predicted. However, it is also necessary to take into account the 

technological requirements for the preparation of raw materials before their use. 
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5. CONCLUSIONS 

In today's dynamic environment, inventory management is a key aspect that affects a company's 

competitiveness. Metallurgical production is very specific because of its continuous nature. At the same time, 

it uses categorically different types of stock items. In the research conducted, analysis was carried out for three 

different types of stock items. The results confirmed major differences in the consumption patterns of individual 

stock items. In the case of regularity in consumption, standard logistic concepts can be used to determine 

safety stock levels. In the case of stock items where there is a high variability in consumption, it is also 

necessary to assess the potential risks arising from shortages. In general, it is crucial to classify stock items 

into groups according to their importance and the nature of their consumption, and then define a single strategy 

for these complex groups. Inventory management in metallurgical production must also take into account the 

specifics of the production process. The determination of the quantity of stock items required must also take 

into account the requirements of all production operations through which the raw material passes. Optimizing 

inventory management can then give the company a long-term competitive advantage. 
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Abstract  

Increasing global competition drives the need to meet new customer demands, which leads to significant 

changes in modern industry. In this context, the rapid development of Industry 4.0 over recent years has been 

observed. The pillars of the new revolution have become technologies based on the Internet of things, cyber-

physical systems, Big Data, cloud computing, robotics and simulation.  

Many companies are choosing to automate their internal transport in order to eliminate human factors and 

reduce storage costs globally. Autonomous mobile robots (AMRs) have become a common solution. In 

addition to a number of problems related to their design (localization, navigation, routing, obstacle detection) 

widely discussed in the literature, there is also the problem of their implementation. This is influenced by many 

factors related to the characteristics of the system.  

This publication describes a tool developed to implement AMRs in a warehouse with given characteristics such 

as layout, size and type of storage. Tool fits into the concept of Logistics 4.0. It allows to determine the number 

of robots, to determine the location of picking stations, their number and the necessary number of charging 

stations. In addition, it makes it possible to take into account the different intensities of the order stream. 

Keywords: Autonomous mobile robot, simulation modelling, AMR implementation, Logistics 4.0, fleet size 

determination  

1. INTRODUCTION  

Technologies of a physical-digital interface, network, data processing and digital/physical process are 

indicated as key elements of a rapidly growing industry 4.0 [1]. There are multiple solutions considered in 

reference to them, such as Internet of Things, cloud computing, Big data analytics, cyber physical systems, 

augmented reality, and advanced robotics [2]. The indicated technologies of Industry 4.0 formulate new 

research problems in many scientific fields. Consequently, it is observed that new terminology is being 

introduced in the literature to clearly indicate the relationship of the proposed solutions with Industry 4.0. In the 

field of logistics, the term Logistics 4.0 is increasingly used as an answer to and support for Industry 4.0 in the 

form of digitalization of logistics processes [3]. This involves changes in logistics systems towards cooperation, 

connectivity, adaptiveness, integration, autonomous control and cognition [4]. The last two development 

directions are reflected in the use of artificial intelligence (AI), robots and drones in material handling 

operations. By introducing such solutions, the aim is to improve efficiency, lower labor costs and cover labor 

shortages. All of this to meet the growing demands of customers [5].   

Our paper considers one of the key solutions identified in Logistics 4.0. We have addressed the topic of 

autonomous mobile robots (AMRs). Their operation is characterized by autonomy, allowing for work without 

human involvement and adjusting the performed tasks to the changing conditions of the environment. 

Autonomous operation determines the number of problems considered as part of research in the context of 
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robotics, electronics, management, maintenance and many other fields of science. These numerous research 

studies can be placed within the life cycle phases of a technical object (Figure 1). 

 

Figure 1 Life cycle of technical object [6] 

Three phases can be identified in the life cycle of a technical object: designing and manufacturing, use and 

maintenance, end of life management [6]. Most AMR studies fall into phase I. In this phase, solutions for proper 

AMR operation in the context of perception, cognition, localization, navigation, obstacle avoidance and path 

planning are developed [7,8]. Phase II focuses on AMR management in terms of its operation (completing the 

assigned tasks) and maintenance. AMR maintenance is mostly referred to a battery management issues [9]. 

Besides this, task allocation problems, including parking and charging processes [10] can be found. In the 

context of AMR operation, the digital twin approach was also considered [11]. In phase three, one should 

consider AMR end of life management through waste from electrical and electronic equipment issues. 

The literature indicates a number of studies on AMR issues that can be assigned to the life phases of any 

technical object. However, it was noted that the transition between phase one and phase two, namely 

implementation, is rarely considered. The designed and manufactured object can only be in the use and 

maintenance phase after its proper implementation. This is a crucial AMR aspect yet often omitted in the 

literature. One can find works focused on determining the number of robots or designing zones and service 

points introduced by mathematical modelling, simulation and queuing network modeling [12]. In [13], the 

number of robots is determined based on task lists and the time required to fulfill each task. Other papers 

include assigning robots to warehouse zones [14], or three different layouts with from 1 to 15 robots in terms 

of throughput [15]. The most extensive solution includes a number of AMR and pickers determination under 

different throughput rates, pick cycle, picking area size, and storage policy scenarios [16]. It presents analytical 

models for Last-Mile-Delivery and Meet-in-Aisle mobile solutions. However, a comprehensive solution that 

considers all relevant aspects of implementation is lacking. Only selected aspects of the implementation are 

analyzed. Due to the complexity of AMR processes, it is necessary to consider those aspects simultaneously. 

The conducted literature review indicates that there are many solutions dedicated to AMR design both from 

the software development side (new algorithms) as well as on the construction side (e.g., selection and 

placement of sensors, determination of dimensions, selection of construction materials). However, completing 

the design and manufacturing phase as intended does not guarantee the expected benefits. It is because the 

implementation aspects of AMR are crucial. From the point of view of the AMR end user, it is necessary to 

determine the number of robots, the arrangement of their service and delivery points with regard to the 

system's required performance and the parameters of the storage area. From the AMR producer's point of 

view, there is in contrast the need to match their product to customer expectations and to price it correctly. An 

improper implementation may generate additional costs and fail to meet the system's requirements. The 

literature review demonstrates the lack of a comprehensive solution that addresses the identified 

implementation problems. 

This paper aims to present AMRs implementation tool through a simulation model. It is organized as follows. 

In Chapter 2 we have described the proposed autonomous mobile robots implementation tool in the form of a 

simulation model. We have also provided a sample model application. Chapter 3 shows the results of the 
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applied tool with regard to the selected application scenario. Chapter 4 summarizes the entire paper and 

provides directions for future work.  

2. SIMULATION MODEL DEVELOPMENT 

AMR implementation can be considered in two ways. On the one hand, it is possible to consider the real 

system, and on the other, the system yet to be designed. In the case of the real system, the problem of 

implementation will be reduced to the arrangement of robots and determining the appropriate number of them, 

considering the required efficiency that must be achieved. The lower number of variables to consider in this 

case is determined by the limitations of the existing infrastructure in the system. In a system yet to be designed, 

the number of variables to consider will increase significantly. This is because there is additionally the option 

of considering different storage area sizes, different aisle widths or different types of storage. However, 

regardless of the system type (real/designed), the AMR implementation tool determines the need to consider 

two groups of variables. The first group will refer to the parameters of the warehouse system and the second 

to the parameters of the implemented AMRs (Figure 2). 

 

Figure 2 Variables classification of the proposed implementation tool  

The proposed AMR implementation tool is developed in the form of a simulation model. The input variables 

to the model are: 

 warehouse system parameters (length and width of storage area, type of storage in the context of the 
presence or absence of racks and in the context of cargo stacking, type of cargo loading, aisle width, 

number of delivery points and their arrangement, orders allocation), 

 AMR fleet parameters (fleet size, arrangement, maintenance strategy, parameters of each AMR in the 

form of their speed, breakdowns occurrence frequency, dimensions, loading and unloading time). 

Among the output variables, the following were identified: 

 AMR utilization, 

 distribution of times in AMRs’ states, 

 system efficiency (number of orders delivered per unit of time). 

The use of a simulation model in the context of AMR implementation is justified primarily by the presence of 

stochastic processes and the occurrence of interference between robots. These interferences translate into 

potential path blocking situations and should definitely not be ignored. 
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2.1. Model application 

The application of the designed AMR implementation tool is presented in the example of a simplified 

warehouse system with the parameters listed in Table 1. 

Table 1 Sample system’s parameters 

Variable name Value 

storage area dimensions (width x length) 15 x 15 m 

storage type floor and row storage 

cargo loading from the ground 

transport aisle width 2.4 m 

number of delivery points 5 

orders allocation uniform distribution 

fleet size 5 

AMR arrangement south  

Due to the limited length of the paper, we didn’t consider maintenance-related matters. A simplified system 

scheme characterized by the parameters in Table 1, is shown in Figure 3. 

 

Figure 3 Scheme of the sample system 

3. RESULTS AND DISCUSSION 

The model does not return the optimal number of robots with respect to the adopted optimization criterion. 

However, it is possible to change the assumed number of robots and observe the effect of these actions on 

the output variables. In addition to the performance achieved, it is necessary to also look at the times the 

robots stay in each state. For a sample system with five robots, an efficiency of 71 fulfilled orders per hour of 

scheduled work time was achieved. Figure 4 shows the distribution of times the robots stay in each state. A 

balanced utilization of the robots implemented in the system can be observed. A blocked state is also 

noticeable due to interference between the robots resulting in no possibility of executing the given route.  
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Additionally, the proposed tool can generate a heat map based on traversals per time (Figure 5). The 

maximum heat values represented by red color indicate the most frequently used roads. In contrast, those 

least traveled are indicated by the blue color. Identifying these types of zones is especially important when 

sharing workspace between robots and humans. 

 

Figure 4 Scheme of the sample system 

 

Figure 5 Heat map for the considered sample system 

4. CONCLUSION 

The paper considers the issue of AMR implementation, which is a transition from the AMR’s design and 

manufacturing phase to the AMR’s use and maintenance phase. The solutions available in the literature in this 

context do not comprehensively consider all implementation aspects. Meanwhile, testing only selected factors, 

as it is currently done, may significantly overestimate expected results. An AMR implementation tool in the 

form of a simulation model is presented to fill the identified research gap. Accordingly, two groups of variables 

were identified related to storage system parameters and AMRs fleet parameters, respectively. 

The developed tool can be used when implementing AMRs into an existing system, where it is crucial to 

address a number of its limitations. It can also be used when designing a storage system with the intent of 

using AMR. It is then possible to consider many scenarios involving different concepts for the use of available 
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storage areas. Future steps within the considered topic include the development of the presented case under 

another pillar of Industry 4.0 - digital twins.  
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Abstract 

Individual car transport in large cities causes congestion, parking problems, and overall difficulty in urban 

logistics. There is a big problem finding a parking space in city centres, especially near offices and institutions. 

One of the possible solutions is to build parking lots on the outskirts of cities and thus reduce car traffic in the 

city. This article presents a proposal to improve the city logistics in the city of Kosice by creating a parking lot 

at the northern entrance and providing an alternative form of transport. The impact of the proposal on the traffic 

is experimentally verified by simulations in the VISSIM program. 

Keywords: Traffic, parking lot, simulations, VISSIM  

1. INTRODUCTION  

The growing individual car traffic is causing several problems in cities, e.g. congestion, parking problems, and 

also pollution with emissions, dust, and excessive noise. Addressing these transport externalities is the subject 

of research in many scientific papers. One of them, Bindzar et al. [1] compared the current transport 

organization with the proposed change in transport organization in terms of traffic intensity. The authors 

evaluated changes brought by their proposal for the traffic organization in Kosice city using OmniTRANS 

program. Design of the significant intersection using PTV VISSIM in the context of traffic infrastructure planning 

was the aim of the paper by Kučera et al. [2]. Cattaruzza et al. [3] surveyed the vehicle routing problems for 

good distribution in the city. Guo et al. [4] proposed traffic management strategies based on hospital traffic 

characteristics and the estimated traffic volume through a model developed based on the queueing theory. 

The paper by [5] presented the architecture and the development of a decision tool for simulating and 

optimizing alternative solutions to road transportation.  Yao et al. [6] proposed a bi-level model to optimize 

urban transportation demand management strategies based on simulation in VISSIM program. Barceló et al. 

[7] created the modelling framework that consists of a Decision Support System. The system includes an 

underlying dynamic traffic simulation model that can track the fleet vehicles individually, emulating the 

monitoring of fleet vehicles in a real-time fleet management system. Some papers dealt with parking demand 

challenges and sustainable city logistics. Research by Yaliniz et al. [8] aimed to support the development of 

the "Park-and-Ride" (P&R) system by applying the methodical approach adopted by the authors for the study 

to make it relevant for cities. Similarly, the authors of [9] provided a general review of the policy debate around 

the provision of formal Park-and-Ride facilities. Their finding was, that P&R implementations are generally 

successful where they provide more parking for economic growth reasons, rather than to enhance sustainable 

mobility. The authors of [10] discussed intercepting parking as the possible ways to solve the problem with the 

parking of out-of-town drivers in parking lots of large shopping centers. The problem with parking in large cities 

is also the topic of [11]. The authors applied a serious game - PARKGAME - to understand and model drivers' 

two intertwined instantaneous parking choices. Further sustainable city logistics solutions were presented in 

[12,13]. However, smart city technologies have a high impact on city logistics. The analysis of practical 
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solutions in the field of smart mobility solutions in European urban areas was carried out by [14]. Niculescu et 

al. developed a smart parking assistant whose evaluation presented in [15].  

This paper aims to present the proposal to improve the traffic situation at the northern entrance to the city 

Kosice by creating a parking lot and providing an alternative transport to the city. The proposed road model 

and experimental verification of the traffic situation is made in the VISSIM simulation program. 

2. MATERIALS AND METHOD 

2.1. Current traffic situation and problem description 

Traffic at the northern entrance to the city of Kosice has long been problematic, especially during rush hours 

in the morning and afternoon. Cars coming to the city usually stand in traffic jams, forming long columns, even 

a few hundred meters. Also, the latest traffic survey conducted in 2015 indicates traffic intensity [16]. According 

to the traffic survey, around 23,000 vehicles come to Kosice every day on working days (Figure 1). Currently, 

there are mostly passenger vehicles transporting people outside the city to work or school. Freight traffic is 

minimized and consists of vehicles supplying and transporting goods to the city. Transit vehicles use the new 

motorway bypass and do not 

burden the city's road 

network. But cars entering 

the town significantly burden 

the road network. The road 

network in this part of the city 

connects the traffic flow of 

vehicles coming from the 

north and the settlements of 

Tahanovce and Furca. 

The proposed change is to 

regulate the organization of 

transport in the city by 

building a car park at the 

entrance to the city for cars 

and introducing public bus 

transport from the car park 

towards the city centre. The 

aim of the research is to 

experimentally examine the proposed modification for different levels of traffic flow reduction of incoming 

vehicles. Parking near the entrance to the city will allow the parking of vehicles, and the P&R system would 

provide public passenger transport to the city. The provision of shared bicycles and scooters may be an 

alternative mode of transportation. 

2.2. Input data and traffic simulation settings 

The traffic model is made on survey data and estimates of traffic flow intensity for the peak hour. The vehicles 

are generated from three entrances: the Tahanovce housing estate, the northern entrance to the town, and 

the Furca housing estate. Driving directions of vehicles are considered only those that relate to the section of 

the road network we are dealing with. The simulation time is set to the maximum that can be simulated, 3600 

seconds. The composition of the traffic flow is determined by estimation, and the traffic flow is formed by 

passenger cars and buses. The parameters of the traffic model and simulation are presented in Table1. 

Figure 1 Traffic survey in 2015 [16] 
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Table 1 Traffic parameters and simulation settings  

Traffic Parameters Vehicle input Value/Settings 

Traffic flow 

Northern Entrance  1200 car/h 

Furca 600 car/h 

Tahanovce 600 car/h 

Traffic composition 

Northern Entrance  90 % cars, 10 % buses 

Furca 90 % cars, 10 % buses 

Tahanovce 90 % cars, 10 % buess 

Vehicle routes 

Northern Entrance  straight: city bypass direction, right: city centre direction 

Furca straight: city centre direction 

Tahanovce left: city bypass direction, right: city centre direction 

Relative flow rate 

Northern Entrance  straight 50 %, right 50 % 

Furca straight 100 % 

Tahanovce left 30 %, right 70 % 

Vehicle speed  40 km. h-1 

Simulation time  3600 s 

2.3. Traffic model creation 

When creating the model, we start from the measured values of traffic intensity according to the mentioned 

survey, while the flow intensity during peak hours is estimated. The simulation model is created in the VISSIM 

program. The road network at the northern entrance to the city is modelled on the background of a scaled 

satellite image of the intersection (Figure 2). Vehicle composition and relative traffic flow in individual directions 

were estimated and can be seen in Table1. By simulation outputs parameters setting and entering the 

measurement points in the model, the model is ready for simulation. In our case, the parameters we check 

and evaluate by simulation are the time of the vehicle passing through the defined section of the road, the 

number of vehicles stops in the traffic jam, and the length of the queue (average and maximum). The monitored 

road network ends with a light signal, which can also affect the occurrence of traffic jams, and its light mode 

has been set according to the program at peak times. 

 

Figure 2 Road model in VISSIM 
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In places where individual traffic flows intersect, that means in conflict zones. It is necessary to define the 

traffic rules based on reality in the model. Three conflict zones are relevant in our case. Two of them are in the 

place where the flow from the Tahanovce estate and the northern entrance to the town join. One is at the point 

of joining vehicle flow from Furca and Tahanovce. Also, in conflict zones, the speed is reduced to 12 km.h-1. 

3. SIMULATION RESULTS 

The traffic simulation for the current situation showed that the traffic situation is as we can see in reality. After 

a simulation time of 1 hour, congestion formed from vehicle entrances from the north and from the Tahanovce 

estate. The road on which the vehicles come from Furca was freely passable (Figure 3), which is the most 

common situation in reality. 

 

Figure 3 Traffic situation in peak time- current state  

The traffic situation with the proposed modification to reduce traffic coming to the city in the interception parking 

lot was the subject of further simulations. The model of the interception car park and its allocation is presented 

in Figure 4a. The car park is dimensioned for 500 parking spaces, and public transport by bus is provided from 

the car park (Figure 4b). Bus departures are at 3-minute intervals. 

  
a           b 

Figure 4 Allocation of the interception car park and detail of the parking lot with a public transport line 

In the current state, the measuring points showed that the longest queues formed before queue counters (QC) 

1 and 2. The queue length is about 500 m. Before QC3, the range was minimal (see Figure 5a). By reducing 
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the traffic from the northern entrance, the situation at this measuring point practically does not change (see 

Figures 5 b-d). The traffic situation near QC3 is stable. It is influenced by different factors, not by traffic flow 

reduced by the parking lot. Everything is caught in the funnel near QC1 and QC2, and the traffic is further 

moved already adjusted. 

a)  b)  

c)  d)  
Figure 5 Results: Queue length. Average length (blue), Max. length (red) 

Another monitored parameter is the vehicle travel time between the points Travel Time Measurement Start 

and End (Figure 2). The simulation results are in Figure 6a. According to the simulation results, vehicle travel 

times decreased from 255 s to 125 s, while the traffic flow through parking was reduced by 60 % (Figure 6a). 

The third monitored parameter is the number of vehicle stops in the queue. From Figure 6a, we can see that 

although the length of the queue is the same in front of QC1 and QC2 (500 m on average), vehicles are not 

really standing but are moving slowly. The most vehicle stop is at QC2, where the situation seems the most 

complicated overall. The length of the queue and the number of stopped vehicles on QC3 are approximately 

the same for all levels of traffic flow reduction (Figure 6) and appear to be independent of the level of flow 

reduction through the parking lot. 

a) b) 

Figure 6 Results: Vehicle Time (a). Number of Stops in Queue (b) 
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4. CONCLUSION 

The article aimed to present a solution to the traffic situation on the road behind the northern entrance to the 

city of Kosice by building a parking lot. The selected road network transport model was in the VISSIM program. 

The input data for the simulation were based on the traffic survey 2015, and the other parameters were 

estimated. The simulation of the current situation confirmed the existence of congestion at the peak time, with 

the vehicle queue length on average around 500 cars. By reducing the traffic flow intensity from the north to 

40, 50, and 60 %, the length of the queue, the transit time, and the number of vehicle stops were significantly 

reduced. At the parameter "queue length" the situation changed the most at the QC2. The number of vehicles 

stops decreased up to 50 % (60 % of the vehicles were parked). On the other hand, the number of vehicles 

stops in front of QC1 and QC3 was not significantly affected by the car park. The travel time of the measured 

section decreased proportionally, according to the percentage of vehicles parked. 

In conclusion, it is necessary to state the limits of the presented research. The transport model does not reflect 

reality reliably because model creation is not based on the measured transport parameters. Specifically, the 

intensity of traffic flows was only a rough estimate. Also, the applicability of the proposed solution is just 

hypothetical due to the need to solve many other aspects. E.g., material aspects (infrastructure construction, 

connection with public transport, bus route tracing, and others) and intangible issues of the proposed solution 

(e.g., drivers' motivation to use the parking lot). We consider the results indicative of outlining one of the 

variants of solving the problems that the growing car traffic brings to Kosice. 

ACKNOWLEDGEMENTS   

This work has been supported by grant projects VEGA 1/0638/19, VEGA 1/0600/20, KEGA 049TUKE-
4/2020. 

REFERENCES 

[1] BINDZAR, P., SADEROVA, J., SOFRANKO, M., et al. A Case Study: Simulation Traffic Model as a Tool to 
Assess One-Way vs. Two-Way Traffic on Urban Roads around the City Center. Appl Sci 2021, vol. 11, pp 5018 

2021. 

[2] KUČERA, T., CHOCHOLÁČ, J. Design of the City Logistics Simulation Model Using PTV VISSIM Software. 

Transp Res Procedia. 2021; vol. 53, pp 258-265. 

[3] CATTARUZZA, D., ABSI, N., FEILLET, D., et al. Vehicle routing problems for city logistics. EURO J Transp 

Logist. 2017; vol. 6: pp. 51-79. 

[4] GUO, Y., ZHANG, Y., ZHAO, Y., et al. Traffic Congestion Evaluation and Management Optimization Based on 

Queueing Model and VISSIM Simulation. In: Proc 2018 IEEE 22nd Int Conf Comput Support Coop Work Des  
CSCWD. 2018 2018; pp. 636-641. 

[5] DOSSOU, P.E., VERMERSCH, A. Development of a decision support tool for sustainable urban logistics 
optimization. Procedia Comput Sci. 2021; vol. 18, pp. 476-483. 

[6] YAO, B., YAN, Q., CHEN, Q., et al. Simulation-based optimization for urban transportation demand management 
strategy. Simulation. vol. 94:7, pp. 637-647. Available from: https://doi.org/101177/0037549718761189 2018 

[7] BARCELÓ, J., GRZYBOWSKA, H., PARDO, S. Vehicle Routing And Scheduling Models, Simulation And City 
Logistics. Oper Res Comput Sci Interfaces Ser. 2007; vol. 38, pp. 163-195. 

[8] YALINIZ, P., USTUN, O.., BILGIÇ, S., et al. Development of «Park-and-Ride» system as a tool for sustainable 
access control managing. IOP Conf Ser Earth Environ Sci. 2017; vol. 90:1, pp. 012214. 

[9] PARKHURST, G., MEEK, S. The effectiveness of park-and-ride as a policy measure for more sustainable 
mobility. Transp Sustain 2014; vol. 5, pp. 185-211. 

[10] SOROKINA, D.N. Research Into Demand for Intercepting Parking in the City of Rostov-On-Don. IOP Conf Ser 
Earth Environ Sci. 2022; vol. 988, no. 2, p. 022065. 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

132 

[11] FULMAN, N., BENENSON, I., BEN ELIA, E. Modeling parking search behavior in the city center: A game-based 

approach. Transp Res Part C Emerg Technol. 2020, vol. 120, p.102800. 

[12] KJAERSGAARD, S., ENSLEVJENSEN, H. Sustainable city logistic solutions. In: Logistics Systems for 

Sustainable Citie: Elsevier. 2004, pp. 441-448. 

[13] SAMUEL, L., SHIBIL, M., NASSER, M., et al. Sustainable Planning of Urban Transportation Using PTV VISSIM. 

Lect Notes Civ Eng. 2022; vol. 171, pp. 889-904. 

[14] RZEŚNY CIEPLIŃSKA, J. Transport organizers’ integrating role in city logistics. Int J Transp Dev Integr .2018; 
vol. 2, no. 1, pp. 30-38. 

[15] NICULESCU, A., NICULESCU, A.I., WADHWA, B., et al. Smart City Technologies: Design and Evaluation of An 
Intelligent Driving Assistant for Smart Parking. Int J Adv Sci Eng Inf Technol. 2016; vol. 6, no. 6, pp. 1096-1102. 

[16] Slovak Road Administration. Kosice Traffic Survey. [online]. 2015. [viewed: 2022-05-25]. Available from: 
https://www.ssc.sk/files/documents/dopravne-inzinierstvo/csd_2015/ke/scitanie_kosice_2015.pdf 

  



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

133 

AUTOMATION OF MATERIAL HANDLING PROCESSES IN THE CONTEXT OF PALLET 
POSITION IDENTIFICATION ACCURACY/RELIABILITY - A CASE STUDY OF AUTONOMOUS 

MOBILE ROBOT (AMR) OPERATION 

1Robert GIEL, 1Sylwia WERBIŃSKA-WOJCIECHOWSKA 

1Wroclaw University of Science and Technology, Wroclaw, Poland, EU 

robert.giel@pwr.edu.pl, sylwia.werbinska@pwr.edu.pl 

https://doi.org/10.37904/clc.2022.4553 

Abstract  

The paper discusses the problem of pallet identification accuracy in the context of material handling process 

automation. The need to ensure the correctness and efficiency of the internal transport process performance 

has caused the necessity for developing solutions that can correctly identify the pallet's position by an 

autonomous mobile robot (AMR). Following this, the authors present the results of conducted tests focused 

on the problem of pallet detection and proper positioning of the AMR. They presented the main assumptions 

taken for the proper performance of the field tests and discussed the obtained results. The work ends up with 

a summary and directions for further research.  

Keywords: Autonomous mobile robot, reliability, accuracy, material handling process, automation 

1. INTRODUCTION 

The concept of Industry 4.0 and related new technologies such as automation or the Internet of Things 

combined with Artificial Intelligence has revolutionized industrial logistics today. At the same time, they have 

raised new challenges for companies such as, among others, the necessities of faults/errors elimination, 

ensuring full information flow at each stage of conducted processes, as well as providing flexibility and 

responsiveness to emerging changes. This problem is especially visible in developing and operating internal 

logistics systems, such as material handling systems.  

In the context of automation of internal logistics processes, one of the interesting issues is the 

accuracy/reliability of pallet identification in the context of ensuring the correctness and efficiency of the internal 

transport process performance. The problem under consideration lies in the area of ensuring the safety of 

autonomous transport systems, aimed at providing solutions that allow the system to respond correctly to the 

presence/occurrence of humans or other obstacles.  

In the known literature, different classifications of AMR safety issues can be found. For example, in [1], a 

classification based on the applied methods is presented, including sensor type, safety function and robot 

zone. Furthermore, one can find classifications based on defined safety aspects such as motion control, 

planning, prediction, psychological factors (e.g. [2]), as well as design, pre-collision and post-collision 

approaches and risk analysis (e.g. [3]). The summary of conducted research in this area is presented by the 

authors in work [4]. Following this, the literature in a given research area can be divided into three main 

categories: 1) safe workplace for human safety, 2) development of collision avoidance systems and 3) risk 

management. In this article, the authors focus on the second problem, the development of anti-collision 

systems in the context of selecting a suitable pallet identification system in the storage area. This research 

problem is widely investigated in the literature.  
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The basic AMR safety solutions analyzed in the literature take into account several performance parameters 

and safety indicators used, the infrastructure required for their implementation, or the type of robot used 

(service/industrial) [4]. Additionally, one of the most crucial aspects is the type of obstacle detected 

(static/dynamic). The report presents the classification of selected solutions to the robot obstacle detection 

problem [5]. Among others, aspects such as the inaccuracy of the obstacle location error (e.g. [6]) or the 

distance between the robot and the obstacle (e.g. [7]) were distinguished. However, despite meeting safety 

standards, unforeseen problems may arise due to the peculiarities of the different navigation systems and 

technical solutions used in robots. Some of these problems, with examples, are summarized in Table 1.  

Table 1 Examples of obstacle detection problems 

Obstacle detection problem type Example  Reference 

Changing the range of scanning zones Minimising the range of scanner zones when the robot is 
close to the loading ramp 

[8] 

Influence of obstacle trajectory on 
detection speed 

Faster detection of obstacles moving in front of the robot [7] 

Shape and colour of obstacles Problems with detection of black obstacles [9] 

Obstacle surface texture Delayed detection of an obstacle when its surface has 
many holes 

[10]  

These problems may also occur in the implementation of automated processes in the warehouse area. 

Therefore, the paper presents the results of conducted tests to detect a pallet to be transported by an 

autonomous mobile robot (AMR). Performance tests were performed with an AMR placed on a hard surface 

with a measurement system consisting of two Intel RealSense Depth Camera D435 mounted on the AMR and 

a pallet. The efficiency and quality of position detection were checked for different distances of the pallet from 

the robot and different lateral displacements. Additionally, the case of a rotated load was also considered. The 

obtained results allowed for the conclusion on the reliability of a material handling process in the context of 

errors occurring in the area of pallet identification during its retrieval from the storage area. 

2. AUTONOMOUS MOBILE ROBOT - MAIN ASSUMPTIONS FOR THE RESEARCH CARRIED OUT   

Research related to pallet position identification was carried out using AMR, which was equipped with an 

appropriate navigation system that distinguishes between two location systems: global and local. The global 

layout is defined in space by a pattern in the form of a static map (map layout). Its definition in relation to static 

obstacles in space is constant in time. On the other hand, the local layout is defined during system start-up 

(Odom layout). Because the platform can be launched in any place or space, defining the current position of 

the platform requires knowledge of the transformation between the local layout and the map layout - global 

localisation is responsible for this. Breaking the localisation problem into two system transformations allowed 

to make corrections based on global references to the real world and local displacement measurements. 

Figure 1 shows the systems used to determine the platform's position in space. 

In order to automate the process of handling loads, it is necessary to implement algorithms for recognising the 

load units that the robot will carry. Depending on the load's shape, type and material, an algorithm 

corresponding to the given parameters and appropriate for the robot's workspace are used for recognition. In 

order to achieve the desired effect, algorithms based on the fusion of measurements from 2D laser scanners, 

depth cameras and RGB cameras are used, which, based on segmentation, ROI (Region of Interest) 

algorithms and HOG (Histogram of Oriented Gradients) description, enable the recognition of people and the 

registration of their route on a global map of the object [11]. 

Other scenarios for the robot's path determination are adopted depending on the type of obstacle encountered. 

In the case of static obstacles, the robot's route is determined to ensure an optimal path avoiding the obstacle. 
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For dynamic obstacles, the process requires route correction depending on the motion vector of the detected 

obstacle. 

 

Figure 1 Scheme of systems used to determine the position of the platform in space 

The tests of pallet detection by AMR were carried out taking into account the primary stages of the pallet 

picking process:  

1) detection of the load unit and determination of its rough position, 

2) positioning the robot in front of the pallet, 

3) simultaneously monitoring the pallet's exact position and controlling the actuators to pick it up. 

Therefore, the identification execution starts with the determination of the approximate position of the pallet, 

which is defined by the location in the workspace of the area where the operators deposit it. These areas are 

plotted on a map used by the robot. Appropriate navigation algorithms are used to position the robot in front 

of the pallet. The task of picking up the pallet is therefore reduced to searching for the exact position of the 

pallet and controlling the actuators in such a way that the robot's forks are in the pallet's recesses (possibly 

symmetrically with respect to the central axis). 

Many algorithms for object detection can be found in the literature. This study was based on the use of a point 

cloud-based pallet recognition method based on data from a depth camera. A RealSense camera was used. 

Therefore, preliminary tests were carried out in the first step to evaluate the input data (point cloud) (Figures 2a 

and 2b). 

Based on the obtained data, point clouds are noise-distorted and imprecise, resulting in distorted images of 

objects. Points further than 4m from the camera are most suitable for object shape detection and 

determination. Points more than 2m from the camera can provide position data, but it will not be a precise 

position. For this reason, it was decided to mount the cameras at the ends of the forks, thus reducing the 

distance between the potential position of the pallet and the camera. This arrangement means that, when the 
load is picked up, part of the pallet can be seen in the field of view of the cameras at first and then only its 

recess. Unfortunately, mounting the cameras at the ends of the forks raises the potential problem of keeping 

the cameras clean and prone to mechanical damage. These factors suggest that the algorithm should also be 

prepared to work with data from a carriage-mounted camera if it turns out that another device will provide a 
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sufficiently precise point cloud for longer distances. Research is ongoing on this issue. The observations 

described led the authors to develop an algorithm based on palette-specific edges. For this purpose, the 

authors chose IHT (Iterative Hough Transform) as the basis for the pallet position search module. A package 

called PalletFinder was then designed and implemented to search for lines, classify them, match the lines to 

a pattern and determine the exact position of the pallet. 

The pallet detection module provides the position of the pallet in the form of a vector whose attachment point 

coincides with the geometric centre of the pallet and whose direction coincides with the central axis. Picking 

up the load unit starts with an appropriate fork height adjustment, and then the drive and torsion wheel 

adjusters strive to achieve the highest possible parallelism and a small distance between the carriage axis and 

the pallet vector. A set of sensors mounted on the carriage provides information about the correct positioning 

of the load. 

 

Figure 2a Pallet view from depth camera - view a 

 

Figure 2b Pallet view from depth camera - view b 

3. PALLET DETECTION PROCESS TESTS 

A robot was placed on a flat, hard surface with a measurement system consisting of two Intel RealSense Depth 

Camera D435 mounted on forks and a euro pallet. The efficiency and quality of position detection were 

checked for different distances of the pallet from the robot, different lateral displacements, and the case of a 

rotated load was also considered. For each position tested, at least 100 measurements were carried out with 

the PalletFinder package. The retrieved position was compared with the actual position. The measuring system 

scheme is given in Figure 3. The pallet searching process is viewed in Figures 4a and 4b. 

 

Figure 3 Measuring system scheme 
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Figure 4a Pallet searching - 1st view Figure 4b Pallet searching - 2nd view 

3.1. Obtained results  

The selected obtained results from conducted tests are presented in Table 1.  

Table 1 Pallet detection results under simulated conditions 

No. 
X-axis 

displacement 
[mm] 

Y axis 
displacement 

[mm]] 

Z axis 
rotation 

[°] 

x/100 of 
retrieved 

positions [%] 

Mean 
position 
error d 
[mm] 

Average 
orientation 
error α [°] 

Comments 

1 

2000 

0 

-20 - - - 
symmetrical with 
respect to +20° 

2 -10 - - - 
symmetrical with 
respect to +10° 

3 0 70 21 0.6   

4 +10 46 32 0.6   

5 +20 63 24 0.8   

6 

100 

-20 52 35 0.8 Visibility threshold. 

7 -10 14 32 0.7 
Low visibility of the right 

side. 

8 0 76 16 0.6   

9 +10 55 34 0.7 
Low visibility of the right 

side. 

10 +20 73 17 0.7   

11 

200 

-20 0 - - Left side not visible. 

12 -10 60 22 0.6   

13 0 68 19 0.5   

14 +10 48 34 0.8 
Low visibility of the right 

side. 

15 +20 72 19 0.6   
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16 

1500 

0 

-20 - - - 
symmetrical with 
respect to +20° 

17 -10 - - - 
symmetrical with 
respect to +10° 

18 0 96 9 0.3   

19 +10 95 10 0.3   

20 +20 98 11 0.4   

21 

100 

-20 94 10 0.3   

22 -10 89 13 0.4   

23 0 93 12 0.3   

24 +10 98 8 0.3   

25 +20 87 12 0.4   

26 

200 

-20 60 11 0.4 
Low visibility of the left 

side. 

27 -10 93 12 0.3   

28 0 95 10 0.4   

29 10 82 12 0.4   

30 20 94 9 0.4   

31 

1000 

0 

-20 - - - 
symmetrical with 
respect to +20° 

32 -10 - - - 
symmetrical with 
respect to +10° 

33 0 100 <5 <0.3   

34 10 99 <5 <0.3   

35 20 89 5 <0.3   

36 

100 

-20 45 6 0.3 
Visibility threshold of 

the left side. 

37 -10 100 <5 <0.3   

38 0 100 <5 <0.3   

39 +10 97 5 <0.3   

40 +20 100 <5 <0.3   

41 

200 

-20 0 - - Left side not visible. 

42 -10 73 5 0.3 
Low visibility of the left 

side. 

43 0 100 <5 <0.3   

44 +10 98 5 <0.3   

45 +20 100 <5 <0.3   

47 

500 

0 

-5 - - - 

The robot has partially 
driven under the pallet. 
Some values cannot be 

checked (collision). 

48 0 100 <5 <0.3 

49 +5 100 <5 <0.3 

52 

50 

-5 - - - 

53 0 100 <5 <0.3 

54 +5 100 <5 <0.3 
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3.2. Results analysis 

The pallet was retrieved correctly for most of the cases examined. Situations in which the load was rotated 

proved to be particularly troublesome. This is because others hide some characteristic fragments (e.g. the 

front blocks hide the rear ones). For some cargo settings, the camera cannot detect the board line because it 

is at too acute an angle - the principle of the depth camera is to combine images from 2 cameras. However, 

only one of the tested cases resulted in an inability to find the position of the pallet (No. = 11); in this case, the 

robot reported an error. 

The position and orientation error increase for more considerable distances between the robot and the pallet. 

However, it is essential to note that the errors are small enough to allow the robot to pick up the load accurately. 

In other words, if the pallet were identified, it would be picked up in any case. Position accuracy increases 

significantly as the pallet is approached. The same is true for the effectiveness of the retrieved positions (it is 

more often correctly identified). The repeatability of PalletFinder's measurements was high enough to conclude 

that the measurement system used to determine the actual position of the pallet for short distances was not 

accurate enough. In other words, the measuring system returns similar results for short distances, which is its 

limitation. However, the accuracy obtained is sufficient as the load is taken up correctly.  

It should be noted that the position and orientation error is mainly due to the quality of the point clouds provided 

and the manufacturing quality and condition of the pallet itself. The test was performed with a new and clean 

euro pallet. In the case of damaged pallets (losses, deformations), the tested error rates increase. The robot 

can still pick up the pallet but needs more measurements. As PalletFinder works at a fixed frequency, which 

is limited by the computational power, this requires a reduction in the pick-up speed. 

4. CONCLUSION 

The paper focuses on the problem of pallet identification by AMR operating in material handling systems. The 

necessary sensors, i.e. a 2D laser scanner, a depth camera and an RGB camera, were used to correctly 

perform the planned tests related to the process of identification, retrieval and transport of the load. Their 

application enabled the full scope of manoeuvres in choosing the best solution for detecting the pallet object, 

also enabling the detection of other obstacles. 

The results obtained allowed, on the one hand, to identify fundamental problems in the pallet identification 

process. On the other hand, they can be used in the design process of autonomous storage systems. In the 

future, it would also be worthwhile to develop studies considering a damaged or loaded pallet. 
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Abstract 

Industry 4.0 or the Fourth Industrial Revolution means not only technological changes, but also social and 

industrial changes caused by the digital transformation of industry. These changes create a new environment 

for the functioning of enterprises and, to a different extent, influence the shaping of contemporary challenges 

for companies. Dynamic technological development, Industry 4.0 technologies implemented in modern 

companies result in redefinition of their business models. Companies that want to achieve success on the 

market must act in such a way as to generate added value for the customer. The value is seen in a unique 

business model, dynamic capabilities, innovations, strategic potential of the organization, or organizational 

entrepreneurship. The condition to achieve competitive advantage is value creation. The company's ability to 

create value in a broad sense is seen as one of the important conditions for achieving and maintaining a 

competitive advantage of the business model. The aim of this article is to analyze the sources of value creation 

in the business model 4.0. 

Keywords: Business model 4.0, Industry 4.0, value creation, competitiveness 

1. INTRODUCTION 

The Fourth Industrial Revolution (4IR) has been underway since at least 2011. It affects business, industry, 

and other areas of life. Provides so far unattainable for customers and enterprises. Ubiquitous digitalization, 

modern solutions implemented in smart factories result in changing management paradigms and building new 

business models that are based on maintaining balance between the development of autonomous technology, 

remote communication systems, and quality of life. What distinguishes the era of the fourth industrial revolution 

is the knowledge of the needs of yendostic customers. Accurate identification of opportunities, challenges, and 

limitations brought by 4IR guarantees conscious use of emerging opportunities and market opportunities  

[1-4]. 

A company's business model is presented as a set of activities, methods, and the time of their execution, using 

its resources to create the highest value for the customer and positioning itself to capture value. Innovation 

can be applied in all its elements and is necessary to create customer value [5]. 

The issues in the area of business models are very broad in scope. It covers various forms of doing business 

from the perspective of economic efficiency, as well as non-financial effects of business activity. The trend of 

business models, where traditional ways of delivering value propositions are supported or replaced by 

solutions based on innovative IT solutions, is developing intensively. In the face of dynamic changes occurring 

on the market, business cannot be indifferent to the changing expectations of customers. These expectations 

relate to products, but also to their price, forms of promotion, added value offered, or building a relationship 

with the company, which really cares about the environment and its surroundings [6-9].   

The analysis of the concept of building models is an important aspect of the theoretical approach to business 

modeling, which is a part of strategic management. Business models are currently a very important area of 
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scientific research exploration related to the search for ways to better understand their very essence, as well 

as the ecosystems that are shaped by them. Therefore, the aim of the article is to analyze the sources of value 

creation in the business model 4.0. 

2. CREATING VALUE THROUGH BUSINESS MODEL 4.0 

The business model 4.0 can be defined as a configuration of business processes that connect and develop 

resources, shaped in the form of an enterprise social and technical architecture, built on flexible, digital 

processes, enabling cyber-physical networking that can meet the demand for personalized products [10]. 

The business model 4.0 is based on a strong combination of the megatrends of the fourth industrial revolution 

and the pillars of Industry 4.0. The megatrends of the fourth industrial revolution are the following. Economy 

4.0, Smart Factories, Society 5.0, Sustainable Consumption and Sustainable Production. The pillars of Industry 

4.0 include autonomous robots, Big Data, cloud computing, systems integration, additive manufacturing, 

Industrial Internet of Things, augmented reality, simulation, and technologies supporting cyber security. The 

implementation of the strategy in the business model 4.0 in practice takes place through the construction of a 

cyber-physical network of cooperation, ensuring both the efficient use of resources and skills and their renewal. 

Implemented technological innovations enable cooperation in cyber-physical networks, which aim to produce 

personalized products and offer complementary services. These activities take into account the principles of 

sustainable production [10]. 

Table 1 Impact of Industry 4.0 pillars on value creation 

Pillar of Industry 4.0  Value Creation 
 
 

Autonomous robots 

Increase process efficiency 
Increase in production efficiency 
Reduction of manufacturing cost 

Increase in Flexibility of processes 
Increase in safety for employees 

 
Big Data 

Reduction of infrastructure costs (by outsourcing) 
Garanty of data protection against cyber attacks 

Possibility of using additional services of advanced analytics and artificial intelligence 
(machine learning) 

 
 

System integration 

Efficient flow of information and data between production and business systems 
Creating a network of cooperating companies 
 Reduce delivery times for personalized orders 

Accelerate decision-making between teams 
Increase profitability 

Additive Manufacturing Reducing Prototyping Costs 
Reducing storage costs 

Industrial Internet of 
Things 

Creation of reliable information on the progress of processes 
Unlimited access (time and place) to information 

Increased quality of personalized products 

Augmented and virtual 
reality 

Time and cost savings in the physical preparation of new product prototypes 
Reduced time to introduce new employees 

Increased Work Safety 
Reducing operational costs 

Reducing the cost of deploying new employees 

Simulation 

Technologies to support 
cybersecurity 

Protecting data, information, and networks from cyber attacks and unauthorized access 

By absorbing the pillars of Industry 4.0, the business model 4.0 significantly creates value by leveraging them. 

This gives the ability to monetize value, which makes the business model 4.0 informationally innovative. 

Various analytics techniques are also setting new trends in big data. These include data mining techniques, 

large online repositories, visualization methods, machine learning, optimization methods, and social network 
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analysis, among others. These methods increase the operational functionality of processes. Variety, speed of 

processing, size of data, reliability of data, value of data - determine the assumptions of shaping the business 

model 4.0 based on access and use of data. The technical architecture of the business model 4.0 is built on 

the pillars of Industry 4.0, which support the creation of value throughout the value chain. Table 1 shows the 

impact of the Industry 4.0 pillars on value creation [12]. 

Analyzing Table 1, it can be indicated that autonomous robots increase process efficiency, production 

efficiency and flexibility, reduce manufacturing costs, and increase the level of safety for employees. Big data 

makes it possible to reduce the cost of infrastructure, is a guarantee of data security against cyber attacks, 

and gives the opportunity to use additional services of advanced analytics and artificial intelligence. Integration 

of systems, in turn, is an effective flow of information that allows the creation of cyber-physical networks of 

cooperating companies, which in turn increases profitability. With additive manufacturing, companies reduce 

prototyping and warehouse costs. The Industrial Internet of Things gives unlimited access to information, which 

has a direct impact on increasing the quality of personalized products. Augmented and virtual reality and 

simulations support the induction of new employees, employee training, and increase workplace safety. And 

technologies that support cyber security ensure that data, information, and networks are protected from cyber 

attacks. 

The creation through the business model 4.0 is emphasized through [11]: 

 the value proposition, i.e., the value created for customers through a specific offering of personalized 
products and complementary services, 

 definition of the target market segment and specification of the revenue generation mechanism (i.e., it 

defines the recipients of the offer and the reason why they will be interested in the offer) 

 definition of the value chain structure required for the creation and distribution of the offer and the 

complementary resources necessary to support the position in the value chain, 

 detailing the mechanisms by which the company will receive payment for the offer delivered and thus 
earn revenue, 

 determination of the costs of fulfilling the offer and the level of profit that can be achieved, 

 determining the company's position in the value network, 

 formulation of assumptions of competitive strategy allowing to obtain and maintain competitive 

advantage over rivals. 

 

Figure 1 Value in business model 4.0 
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Figure 1 shows the value of the business model 4.0, which consists of four interlocking elements. These are 

strategic components, value network, value retention, and value creation. The strategic components are 

headed by the customer, the value proposition offered to the customer, the company's competencies, 

personalized product offerings, strategy, brand, differentiation, and company mission. The value network, on 

the other hand, consists of suppliers, business partners, data and information, customer relationships, and the 

flow of information, products, and services. Value retention is achieved by selecting costs so that the enterprise 

can generate profit. Through the enterprise's resources and their use in the cyber-physical enterprise network 

and digital, flexible processes, value is created. 

Figure 1 distinguishes the customer as the company’s main element of the strategic values in the business 

model 4.0. Here, it should be noted that the customer is willing to pay for needs that he consciously expects, 

but also for such elements that he has not consciously identified. This is why personalization has received so 

much attention in the Business 4.0 model. The company's task is to provide a value proposition that not only 

responds to the customer's demand, but also meets future complementary values. Your correct identification 

and offer to the customer is the most important bond between the customer and the manufacturer, which 

affects the length and durability of the customer-company relationship. This in turn translates into the 

competitiveness of the enterprise's business model. The elements of the competitive advantage of business 

model 4.0 are shown in Figure 2. 

 

Figure 2 Elements of competitive advantage of business model 4.0 

Analyzing Figure 2, it can be seen that an effective enterprise 4.0 business model that achieves long-term 

profitability should be based on the following elements of competitive advantage: 

 a strategy that enables sustainable competitive advantage, which is constantly monitored and based on 

the megatrends of the fourth industrial revolution, 

 

Strategy  
based on the 
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fourth industrial 
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Operational 
efficiency  
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pillars of Industry 

4.0 

Long-term 
profitability 

Competitive 
business 

processes 

Customer Value 
Supply of personalized goods and services on increasingly better 

price and off-price terms 

Management 
system 
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 a management system that ensures operational efficiency through competitive business processes built 

on the pillars of Industry 4.0. 

These are the two main components of the model, except that their role and the way they are shaped are 

treated quite differently. The basis of the strategy is the strategic (competitive) position achieved by the 

company, which results from the value offered to customers and the selection and configuration of relevant 

activities. Shaping this position is a fundamental, superior, and innovative part of the model, a condition that 

determines the long-term profitability of the company [12-14]. 

3. CONCLUSION 

The fourth industrial revolution that resulted in the digitization of business and social communication has 

opened the way to the creation of new business models and the creation of new values resulting from them. 

Value creation through business model 4.0 is emphasized through: the value proposition, i.e., the value created 

for customers through a specific offering of personalized products and complementary services, the definition 

of the target market segment and the specification of the revenue generation mechanism (i.e., it defines the 

recipients of the offer and the reason why they will be interested in the offer), defines the structure of the value 

chain required to create and distribute the offer and the complementary resources necessary to support the 

position in the value network, details the mechanisms through which the company will receive payment for the 

offer delivered and thus earn revenue, defines the costs of delivering the offer and the level of profit that can 

be achieved, defines the company's position in the value network, and formulates the assumptions of the 

competitive strategy that allows the company to gain and maintain a competitive advantage over its rivals. 
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Abstract 

With the rising living standard, traffic in city centres has been becoming more congested and more and more 

cities have to adapt different measures and regulations of traffic in their centres. In order to be these measures 

effective, they should be data-based, and moreover the data must be likelihood. 

In the framework of international project Clevernet - Implementation of innovative sensor networks in cross - 

border regions, a network of traffic sensors was deployed in the centre of Žilina in mid-2021. The network 

covers all 9 entrances / exits, i.e. total of 26 lanes. These sensors in operation mode 24/7 not only detect 

passing vehicles but also classify them according to size and speed. Traffic sensors are complemented by 

microclimatic units and surface frost sensors to study wider climatic aspects. 

Thus, a database has been continuously being created, which has a diverse application for expertly based 

political decisions of authorities. Areas of application are various issues related to transport and climate change 

as well (static transport, traffic safety, pedestrian safety, transport emissions, public space heating, phenomena 

affecting transport such as anti-pandemic measures, ...). 

The fact that the traffic situation in the centre is serious also represents fact that the city with approximately 

81.5 thousand inhabitants generates approximately 54 thousand vehicle entrances to the city centre on a 

working day. Typically, it is 300 to 335 thousand a week and almost 1.5 million a month. The data is open and 

available to the professional and scientific community. 

Keywords: City logistics, sensor network, traffic data, intensity, road safety 

1. INTRODUCTION 

Economic changes in recent decades have had a negative impact on the environment and society, which is 

increasingly affecting cities and agglomerations. In recent years, several concepts have been developed aimed 

at the sustainable development of urban agglomerations. The main elements of these concepts are ecological 

[1,2] and safety transport [3], safety and resilience of cities [4] and reduction of energy intensity of cities [5]. 

With the rising living standard, traffic in Žilina centre has been becoming more congested as it is illustrated on 

the Figure 1a for the case of traffic during Friday´s noon but some problems with the intensity of traffic persist 

throughout most of the days. So, some measures and regulations have to be adopted to minimise the negative 

impact of traffic. To be these measures effective, they should be data-based, and moreover the data must be 

likelihood. Unfortunately, accurate, reliable and continuous traffic data was lacking (traffic data has even 

stopped to publish National Traffic Information System [6]). 

The aim of the paper is to present first results following from data collected almost one year. Data analysis can 

show were and when the traffic is a serious problem in centre of Žilina and then already known statistics help 

the municipality to better understand the problem and identify appropriate measures and solutions to mitigate 

the negative impacts. 
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1.1. Transport system in Žilina 

In terms of traffic services, Žilina has a historically established ring-radial transport system (Figure 1b), which 

forms the backbone of the area and creates a framework for individual functional components. This system is 

followed by and the system of main pedestrian routes with public spaces and cycle paths follows from it [7].  

  
a) b) 

Figure 1 a) Typical working day traffic in Žilina (Google Maps, typical traffic on a Friday at 12:00), b) Ring-

radial transport system in Žilina 

2. ON THE PROJECT 

The project Clevernet (Implementation of innovative sensor networks in cross - border regions) has been 

realised in the framework of Interreg V-A SK - CZ 2014-2020 programme since beginning of 2021. The 

consortium consists of two research institution (University of Žilina as the leading partner and Transport 

research centre as the leading cross-border partner) and three small and medium enterprises (Citiq, Cityone, 

UNITI) [8]. 

2.1. Project motivation 

Motivation and the project starting points follows from the situation in the middle of 2019 when the concept of 

Smart City was widely known and popular subject, but the small and medium-sized municipalities (SMMs) had 

the problems to grasp such complex issue, problems with insufficient staff and financial capacities [9]. Despite 

the fact that the concepts or methodologies existed, SMMs had problem to cover the deployment of such 

projects and vice versa it could be seen promoting of technology companies what was in most cases ineffective 

for SMMs.  

SMMs particularly perceived the potential of obtained data mainly for increasing of effectiveness and quality 

of life. For example, district cities in Czech Republic did not work with data systematically (40 % of them the 

data utilised only in partial areas, 55 % sporadically and randomly, others did not work with data at all). It was 

also recognised key steps of successful projects: data processing and application in the decision-making 

process. And on the other hand, the main factors that negatively affected the projects were unmanageable 

processes, focusing on technical solutions and financing. 

2.2. Project aims 

The aim is to aid small and middle-sized municipalities with systematic data collection and utilisation and, on 

the other side, help target SME producing solutions for Smart City to be familiar with environment of small and 
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medium-sized municipalities and better establish themselves on the market of smart solutions. The basic and 

key step for the implementation of the Smart City concept is the processing of the obtained (measured) data 

and their subsequent application in the city's decision-making processes and thus increase municipality 

preparedness for the upcoming challenges. 

The most extensive activity in the project is research of deployment of sensor networks in municipality 

conditions and research of efficient work with data and their productive use. The implementation of the activity 

is divided into two interconnected areas:  

I. Market analysis for detectors and sensor networks for the Smart City area 

II. Living laboratory 

3. LIVING LABORATORY 

3.1. The concerned area  

Žilina was chosen as the area of deployment of the Living laboratory because of experience from previous 

projects and good cooperation with the municipality. The area of the city centre of Žilina was identified for the 

study of transport because of the lack of traffic data, minimal influence of transit traffic and maximum capture 

of originating and destination traffic. 

  
a) b) 

Figure 2 a) The concerned area of Living laboratory, b) Locations (gates) of deployment of traffic sensors in 

the centre of Žilina 

The population of Žilina as of 30.04.2022 is 81,480, the area of the city is 80.03 km2 and therefore the 

population density is 1,018 inhabitants per km2. The concerned area (Figure 2a) has circumference of 6.5 km 

and an area of 2.65 km2. 16,458 inhabitants live in the affected city districts, of which "only Žilina" is 2,283 

inhabitants (i.e., inhabitants without permanent residence), which is approximately 6,200 inhabitants per km2. 

Of course, there are many schools, shops and two shopping centres, companies, offices and small businesses 

in the affected area. 

3.2. Living laboratory subsystems 

The Living laboratory was deployed during June and July 2021. Clevernet urban Living laboratory consists of 

several subsystems (Table 1): 

- radiocommunication network - LoRa network with 2 sites and 8 gateways, 
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- traffic sensors - 26 magnetometers able to count and classify traffic flow, 

- microclimatic units - monitor climate characteristics (air temperature at high 80 cm and 200 cm, 

humidity, barometric pressure, wind speed and direction) at three different environments (city centre - 

“concrete jungle”, city park - aprox. 9200m2, mixed zone - university campus), 

- surface frost sensors - help increase safety on the roads and pavements in winter times (2 sites), 

- parking sensors - 2 magnetometers for counting of incoming and outgoing vehicles (incremental 

parking system). 

The traffic sensors are complemented by microclimatic units and surface frost sensors to study wider climatic 

and safety aspects. So, the unique laboratory is primarily focused on the research of traffic and environment.  

An urban lab concept is widely used tool for innovation support in Europe. It usually relies on a strong 

community of people from different professions who want to move their city forward with the help of available 

technological tools. This creates new services for citizens that support better neighbourly relations, local 

business or a healthier environment, and increase digital literacy. The city's laboratory is designed as a 

playground for everyone who wants to learn something new about their city and new technologies. Initially, 

specific sensor networks were deployed that measure traffic or overheating of public spaces, so that various 

information is already available that can be used not only in further research, but also in creating innovations 

in the business sector or in the local government environment. 

Table 1 Living laboratory subsystems 

LoRa network Traffic sensors Microclim. units Frost sensors Parking sensors 

     

3.3. Traffic sensor network 

The most technologically advanced part of the sensor network is a low-cost traffic counter that can also count 

vehicles or measure their length and speed from a simple change in the Earth's magnetic field. From the 

existing financially costly technologies measuring traffic on major lines, this system shifts research into a low-

cost sensor network that allows traffic to be monitored across the board and to show the impact of the city 

measures in numbers. It is the technology that can be used by any municipality, regardless of size. In addition 

to the money spent, the speed of deployment without the need to deal with a building permit, connection to the 

electricity network or GDPR is a great benefit. 

The city laboratory in the conditions of Žilina represents a virtual traffic fence around the city centre consisting 

of 9 gates (Figure 2b, Table 2), which monitor all lanes and thus create a unique complex monitoring the 

traffic flow of the city centre. It also provides information on the number, length and speed of vehicles every 5 

minutes, thanks to which the municipality has comprehensive continuous data on the traffic situation in Žilina. 

These can be used, for example, for parking policy, infrastructure planning, public transport optimisation or 

road safety investments. 
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The sensor network covers all 9 gates (entrances/exits), i.e. a total of 26 lanes. These sensors in operation 

mode 24/7 not only detect passing vehicles but also classify them according to length (car: 3-7m, van: 7-14m, 

truck/bus: 14-30m) and speed (<30 km/h, 30-60 km/h, >60 km/h).  

Table 2 Deployed traffic sensors 

Gate Profile Sensor names Comment 

1 Hálkova Hálkova IN left, Hálkova IN right, Hálkova OUT left, 
Hálkova OUT right 

 

2 Komenského Komenského IN, Komenského OUT  

3 Tajovského Tajovského IN, Tajovského OUT, 
Tajovského/Vysokoškolákov OUT 

Tajovského/Vysokoškolákov = 
turning lane 

4 Vysokoškolákov Vysokoškolákov IN left, Vysokoškolákov IN right, 
Vysokoškolákov OUT left, Vysokoškolákov OUT right 

 

5 Košická Košická IN left, Košická IN right, Košická OUT left, 
Košická OUT right, Košická/Štefánika IN 

Košická/Štefánika = turning lane 
and entrance to a one-way street 

6 1.mája 1.mája IN, 1. mája OUT  

7 Kysucká Kysucká IN, Kysucká OUT  

8 Bratislavská Bratislavská IN, Bratislavská OUT  

9 Rázusa Rázusa IN, Rázusa OUT  

4. DISCUSSION 

After verification operation, sensor network has been working in continuous operation since September 2021. 

The data are open, can be filtered and visualised according to a number of criteria [8]. An example (week 25.-

31.10.2021) of published dashboard is as follows (Figure 3). 

 

Figure 3 Traffic during the week 25.-31.10.2021 - total vehicles 

 

Figure 4 The number of vehicle entrances per month to the concerned area (NC - not categorised) 
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Figure 5 The number of vehicle entrances per day during Easter 2022 on Komenského street 

In the period from September 2021 to the end of April 2022, an average of 43,814 vehicles daily entered to 

the concerned area. If these entries were to be made only by residents of the area concerned, they would 

realise average 2.66 entries per resident. The most extreme values fall on the New Year - minimum: 10,339 

vehicle entries per day, and the Thursday before Easter - maximum: 64,359 entries per day. 

From the Figure 4 follows that the traffic was significantly affected by anti-pandemic measures. In addition, of 

course, traffic copies the working week and is also heavily influenced by the holidays. Typically working day 

enter to the area approx. 54 thousand vehicles, on weekend it is only 50 %. During the holidays with the middle 

of the week, traffic drops to 40 %. Paradoxically, traffic on a weekly basis during the week with a holiday will 

fall by only 8 %, as it will mostly move to other working days. Special cases are periods with several holidays, 

such as Christmas and Easter (Figure 5). 

5. CONCLUSION 

The paper describes Living laboratory focused on study transport and climatic issues in city conditions. The 

results of the logistics analysis based on the time database representing the real traffic of the Slovak regional 

city Žilina are presented. It is possible to see that the traffic is a significant burden for the area. 

A database has been continuously being created, which has a diverse application for expertly based political 

decisions of authorities. Areas of application are various issues related to transport and climate change as well 

e.g. static transport, traffic safety, pedestrian safety, transport emissions, public space heating, phenomena 

affecting transport such as anti-pandemic measures what are typical competences of municipalities related to 

transport and public space. 

The data presented in this article also encouraged the municipality of Žilina to continue cooperation with the 

project researchers in most of the mentioned areas. 
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Abstract 

Logistics 4.0 as a concept that focuses on the increased integration of enterprises within open supply chains, 

the development of management support IT systems, logistic processes automation and control, generates 

changes in the logistic planning process. The article presents a method of logistics planning that allows the 

implementation of the planning process in a comprehensive view in accordance with the assumptions of 

Logistics 4.0. The proposed approach is oriented towards a given logistics system in capital groups with a 

large number of raw materials, finished goods and commodities, taking into account dynamic changes in 

supply chains and emerging external disturbances. The proposed approach is oriented to a given logistic 

system, taking into account dynamic changes in supply chains and emerging external disturbances. The 

proprietary method enables modelling of any number of objects integrated in the supply chain according to the 

same criteria and tools, to ensure comparability of the optimization results of individual scenarios with a 

relatively small amount of work, shortening the entire logistical planning process and increasing the efficiency 

of managers and teams responsible for the planning process. 

Keywords: Logistics 4.0, logistics planning 

1. INTRODUCTION 

Supply chains, especially global ones, have always been affected by predictable or unforeseen events that 

threaten their profitability and continuity. Practitioners and researchers have, thus, been interested in 

investigating the causes of these events in an attempt to mitigate the effects of the associated risks. With the 

broad Industry 4.0 paradigm, a specific research stream on the impacts and applications of Industry 4.0 

technologies in logistics has been emerging under two different labels: “Smart Logistics” or “Logistics 4.0” [1]. 

With the rapid development of science and technology, the continuous deepening of global economic 

integration has greatly increased the intensity of market competition. In order to keep up with the pace of social 

development, enterprises continue to shift their sights to the supply chain management (SCM) model with 

logistics planning as the core concept. Currently there is a shift from a seller's (supplier's) market to a buyer's 

(customers), this change goes hand in hand with the increasing dynamics of the relevant environmental 

factors. The “Logistics 4.0” is the result of the increased use of the Internet (of Things, Services and Persons 

(IoTSP)), which allows real-time communication between products, machines, services and humans, and the 

use of advanced digital tools. Therefore, Logistics 4.0 relies on the use of technological applications that allow 

the effective planning of resources and the efficient management of warehousing and transportation systems 

to ensure efficiency in transferring data and materials between departments [2]. The aim of the article is to 

indicate the benefits of planning logistics processes in a corporate group from a holistic perspective in 

accordance with Logistics 4.0 by means of ERP software. At the same time, the broader context of the issue 

of logistics planning in the case of market changes in the situation of disrupted supply chains is indicated. At 

the same time the wider context of the issue of logistics planning in the case of market changes in the situation 

of broken supply chains is indicated. The research methods are literature analysis and two models of supply 

chain planning: materials and finished goods: are presented. 
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2. LITERATURE REVIEWS 

Under the influence of various factors such as consumer demand diversification and product diversity, SCM 

has been unanimously praised by many companies due to its many advantages, and the SC composed of 

multiple companies has been continuously developed [3]. This interest SCM has increased significantly over 

the past three decades for three main reasons. First, the adoption of lean management and just-in-time 

philosophy in the production and logistics may have increased efficiency but have left supply chains vulnerable 

to adverse events since they leave little room for error and change [4]. Second, firms are increasingly global 

and less vertically integrated, increasing the complexity of supply chains and exposing them to much more 

risks [5]. Third, numerous events have been witnessed to disrupt global supply chains and have attracted 

worldwide attention. These range from natural disasters, global pandemic Covid -19 in 2019-2021, to man-

made disasters such as the Russian attack on Ukraine on February 24, 2022. In today’s economic globalization 

and flexible market demand environment, node companies in the SC can be scattered all over the world [6]. 

The business activities of enterprises are decentralized, and the performance evaluation of enterprises within 

the SC unifies the decentralized operations under the same standard -ERP (Enterprise Resources Planning). 

ERP software is used for comprehensive business management. Hidden in the abbreviation ERP "resource 

planning" includes control and management of the most important resources and processes in almost every 

business area of the company: sales, finance, accounting, warehouse, human resources, purchasing, 

production. Enterprise performance evaluation refers to the use of quantitative statistics and operation 

research methods, the use of a specific indicator system, and a unified evaluation standard, in accordance 

with certain procedures, through quantitative and qualitative analyses, to evaluate the operating benefits and 

operators of the enterprise during a certain operating period [7]. It is science to make an objective, fair, and 

standard comprehensive evaluation to truly reflect the actual situation of the enterprise and predict the future 

development prospects of the enterprise [8] and plan for problems associated with disrupted supply chains. 

Providing a general understanding about the Logistics 4.0 topic, highlighted its three main aspects: (1) the 

implications of a new production paradigm (i.e. mass-customisation) for logistics; (2) the use of new digital 

technologies (e.g. Internet of Things (IoT) and Cyber-Physical Systems); and (3) the importance of humans in 

their roles of employees, customers and stakeholders [9]. The need for a fundamental change in production 

logistics is often the result of numerous disruptions in production. Symptoms that indicate a need for change 

can be relatively long process times, delivery times, high inventories and low order flexibility. Supplier selection 

is an important part of SCM. At present, the research on supplier selection is more and more extensive and in 

depth [10]. 

Logistics concept planning or change may also result from, among other things: 

 development and/or change of the product mix, 

 a change in the production structure and thus a change in the material flow structure, 

 changes in the production location (logistics planning at the production site). 

Today, with the global and dynamic changes in the market, products are constantly being developed, often 

redesigned, or adapted to meet specific customer requirements. Often the current company structure, 

production and flow structures are not sufficiently adapted to the new tasks and challenges of the market [11]. 

It is known that logistics is a field of knowledge dealing with management, including process planning, hence 

it has to take into account the different requirements of the different functional areas of the company and the 

changes in the supply chain, but small and medium-sized companies, due to the cost of software and the 
implementation of an ERP system, are not able to meet these requirements. This analysis presents that the 

human factor and software in Logistics 4.0 is one of the most important topics to be addressed in order to 

support technological development from an SCM planning point of view. An enterprise implementing an ERP 

software system is bound to work in chain management without being able to freely make decisions regarding 

suppliers and customers, being only one link in SCM. 
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3. LOGISTICS PLANNING IN ERP SYSTEM 

Developed and operated logistics solutions and systems allow to formulate remarks, guidelines for the 

development and design of concepts in production logistics. These comments on the design, planning in 

production logistics are presented below: 

 the primary objective according to the definition of logistics is to provide materials in the right quantity, 

time, place, quality, at the right cost and information, 

 market needs are decisive, i.e., appropriate assortment, quantity, and quality, 

 the responsibility of cost posts must be clearly assigned to the locations that affect the cost status, 

 shorter lead times are the basis for the necessary flexibility in relation to the market. Short lead times 
are an important indicator of logistics performance. Short lead times are an important indicator of 

logistical efficiency within a company, 

 planned production logistics measures can provide economic solutions in the functioning of the company 

in the long term, and ensure its competitive ability, 

 the logistics concept should be implemented in stages, especially in stages that bring specific benefits 
in each case. 

It is also distinguished by a number of modern functionalities offering customized remote access to data. This 

enables effective monitoring of company resources and events in production in real time, from any place and 

at any time. An important benefit for production is also the possibility of integration with CAD, MES. ERP 

system for management of e-commerce and retail enterprises is distinguished by, among others, an extensive 

WMS module, (Warehouse management system). It communicates extensively with the warehouse 

automation, including physical sorters, built-in software sorter, mobile devices. Thanks to the module of 

cooperation with the RFID system, it gives the warehouseman the possibility of navigation in the premises. 

ERP systems on the market also have a modern POS module, thus supporting work in the omnichannel model, 

as well as in stationary stores (e.g. it allows you to collect online orders in stores, return online purchases in 

stationary stores, and carry out combined orders, partly online, partly from the goods selected in the store, 

partial online orders and selection of goods from the store- on one receipt). This is possible because online 

and offline share the same database and inventory levels, which enables planning throughout the supply chain 

(SCM). The most important characteristic of an ERP system is working on a single database. This means that 

data entered in one area of the system, e.g. trade, are immediately visible by other users, e.g. a production 

technologist, and in the accounting department or in the warehouse (Figure 1). 

 

Figure 1 ERP system and its configuration 

ERP system has a modular structure, which is one of the factors indicating the flexibility of the solution - that 
is, its ability to fit into the individual needs of the company and its structure. ERP system manufacturers on the 
market offer their clients the opportunity to purchase only those components and functions that will actually be 
used by them.  A production module is unlikely to be useful in a trading company -its presence in such a case 
would decrease the usefulness of the solution, on the other hand increasing its cost. An example of such 
system is Comarch ERP Optima. A modern ERP system should be a scalable solution - adapting to the size 
of the company, the specificity of its business processes and the structure of its operations, e.g. many plants 
in Poland and Europe. This means that an increase in the number of users of the software and the amount of 
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data does not affect the speed and stability of its operation. This is possible thanks to the appropriate software 
architecture of the solution (adapted to both smaller and very large customers) - e.g. the use of dynamic 
infrastructure in cloud solutions (Comarch ERP XL or SAP). ERP system for manufacturing trade and services 
takes into account all levels of planning, both in the tactical horizon: S&OP (Sales and Operations Planning), 
taking into account the company's strategy, and in the operational horizon: MPS (Master Production 
Scheduling) and MRP (Material requirements planning), which allows not only to consider a range of material 
needs, but also to detail the need for resources with an analysis of their capabilities. Procurement forecasts, 
ordering, receiving, storage and inventory management, resource allocation to tasks, and further processing 
such as order picking, issue and quality control support the logistics planning. 

4. LOGISTICS PLANNING IN THE METAL INDUSTRY IN A MULTI-SITE COMPANY 

When planning logistics processes, customer logistics requirements should be taken into account for 
a customer-supplied product. As a result, the company should conduct an analysis, which can be in the form 
of delivery scenarios to determine the needs and evaluate the existing service. The diagnosis helps to 
determine the length of order fulfillment cycles, delivery volumes and frequencies, shipping information system 
activities, its marking, labeling and type of packaging. Customers expect more and more efficient and effective 
logistics services from manufacturing companies, hence the transfer of these functions to specialized logistics 
operators. 

The process of planning logistics activities consists of the following steps [12]: (1) General prerequisites for 
participation in planning: identification of supported market segments, specification of internal types of logistical 
processes, consideration of logistical outsourcing, (2) Preparation for participation in planning: identification of 
groups of logistical processes and the scope of responsibility for activities in the processes, tasks identified in 
individual areas, definition of procedures and documentation, including the flow of information, data collection 
and their systematization. In the case of manufacturing companies, suppliers are analysed in terms of 
punctuality of deliveries, quality and adherence to payment terms, (3) Integrating logistics planning into 
marketing business planning, (4) Production logistics planning: production handling, material requirements, 
organization of supplies and replenishment, and planning of production station handling, (5) Planning of 
delivery service: selection of transport system, determination of technical requirements for deliveries, 
organization of work of reception of deliveries, principles of storage of deliveries (ABC, among others), 
circulation of documents, (6) Distribution logistic service planning: determination of product release rules, 
adaptation of packaging and labeling to the requirements of intermediaries and customers , distribution 
inventory layout plan, use of logistics services in distribution, (7) Planning of controlling activities. 

When preparing a logistics process plan, it is necessary to use appropriate tools and techniques to determine 

the planned quantities. Proper implementation of logistics process planning is possible only with the use of IT 

support. 

5. SUPPLY CHAIN MODELS IN A METAL ENTERPRISE 

The metal company for ventilation and air conditioning production was founded in 1928. The company has 
three plants in Poland, including one in Koszalin, seven in Germany, one in Mexico (2008), one in Croatia 
(2015) and one in Mexico (2016). It has hundreds of suppliers across Europe and the world creating logistics 
supply chains. Calculations in logistics planning are generally carried out with the help of appropriate tables, 
which can be realized with the help of specialized ERP software and then entered into calculation sheets. 

In both cases a two-stage distribution was assumed: in the first case the material is first transported from the 
Production Plant in Koszalin (PPK) and then to the Main Distribution Center in Berlin (DCB), from there to the 
Regional Distribution Center in Köln-Dellbrück (RDC). These models differ in the response time in deliveries 
between DCB and RDC. The former has a long response time of several weeks, the latter a short response 
time of a few days at most and involves finished goods. Therefore, different approaches to planning will be 
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applied at this stage of distribution: focus on medium-term planning: in the case of the first model; while in 
case of the second model: focus on short-term planning short-term planning in case of the second model. 

The first model assumes that the RCDs send the projected medium-term demand of galvanized sheet metal 

for the production of the AIR-JET 71-250 fan to the DCB. Based on this, the DCBs calculate their demands 

and send them to the RPCs. Next the production planning takes place, then planning of shipments from PPK 

to DCB and finally planning shipments from DCB to RDC, which closes the planning cycle. Table 1 shows how 

planning can be conducted demand planning at the RDC level. A fixed ordering cycle method is used here. 

Table 1 Medium-term planning of galvanized sheet metal for AIR-JET 71-250 fan production [t] 

The period (month) 1  2 3 4 

Forecast demand 368 352 451 443 

Delivery schedule (to DCB) 370 350 500 450 

Final inventory 100 100 50 150 

Safety stock 100 100 150 150 

Demand 350 450 500 550 

Table 1 shown here performs two main functions: calculating projected inventory levels at the beginning of 
each month and calculating future demand. The stock at the beginning of each month is calculated on the 
basis of the delivery plan confirmed by the DCB and the demand forecast. Of course, the beginning inventory 
is also taken into account. Depending on supply problems, the data can be configured to increase the safety 
stock. Each week, data on deliveries planned by suppliers is updated. On this basis, an updated plan of stock 
levels for each month is calculated. By comparing this projected level with the target level, the planner is able 
to assess whether the deliveries projected by the DCB meet the needs and what deviations from the plan 
arise. If not, changes to the delivery plan can be negotiated with the supplier (ThyssenKrupp) or other remedies 
can be sought, for example deliveries from Poland if there is a shortage of steel on the market. 

In the second model, planning at the RDC level is focused on the upcoming deadlines and therefore order 
point scheduling is used. We assume that orders are calculated according to the following rule: if the available 
quantity falls below a certain level (ordering point), an order is placed equal to the difference between the 
currently available quantity and the point, plus the demand from two consecutive sales weeks. The quantity 
available includes not only inventory, but also the stock in transit. Table 2 includes two types of available 
quantity: needed, which assumes that orders (demand) will be accurately fulfilled, and projected, which is 
calculated based on the shipment plan from the DCB or the supplier of the finished product (ventilation grille). 
It also makes the following assumptions: the response time is 1 day of shipment by the logistics operator in 
Poland, and the ordering point is set equal to the sum of the demand for the finished product from the current 
day and half of the demand from the next day. 

Table 2 Short-term demand planning in a regional distribution center (RDC) or production plant (PPK) for 

 a ventilation grille in pieces 

The period (days) 1  2 3 4 

Forecast  demand 10 10 20 20 

Initial stock 13 3 25 5 

Receipts or deliveries on route - 32 - 25 

Total quantity of stock required 13 35 25 30 

Ordering point 15 20 30 20 

Demand 32 - 25 25 

Delivery  confirmation - 30 - 30 

Predicted delivery quantity 13 30 13 23 
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The two bottom rows of Table 2 are for control purposes. They are intended to show how the stock will develop 

under the assumption that the supplies currently agreed upon with the supplier are received. The remaining 

rows are used to calculate the ordering plan (the demand plan). 

Simply establishing a course of calculation for planning the production and distribution of finished goods is not 

sufficient to start effective planning, as Tables 1 and 2 show. One reason for this is the large amount of data 

and the cost of software and human labour that must be analysed each time the plans are updated. This 

amounts to PLN 0.05 (EUR 0.01) per unit of goods. If an employee without ERP software were to analyse this 

data on a daily basis on spreadsheets only, the cost would increase 2-3 times. Hence, despite the high cost 

of ERP software. The example shown with one material and the finished product illustrates the problems that 

can occur in logistics planning. First and foremost, any computational solution needs to be combined with 

mechanisms to facilitate changes to delivery dates and detect possible risks or shifts. Small and medium-sized 

enterprises not working in SCM but constantly looking for suppliers and customers cannot afford such 

expensive software, but they are offered a simplified version like Comarch ERP OPTIMA. 

6. CONCLUSION 

More and more companies are recognising the need to automate logistics planning calculations and data 

processing with the help of ERP software. In the case of the company analysed, which is part of a group of 

companies, only trade goods are 1,074 items excluding raw materials and finished goods. The analysis shows 

that the company saves on the work of specialists and benefits from the quick entry of even one variable. The 

oversimplification of logistical planning processes to a single material or product can cause recurring problems, 

such as the flow of information between the production site, the main centre and the regional centre, deliveries 

in the wrong quantity and at the wrong time, especially late deliveries can cause penalties. It is possible to 

define and identify key planning indicators in production logistics as they are the basis for planning, but not all 

external factors can be planned for, such as supply chain disruptions or the war in Ukraine. The software 

investment pays for itself in a short time. For small and medium-sized enterprises, the payback cycle would 

be several years.  The logistical production planning system is related to the concept of implementing 

production planning and control in logistical terms, i.e. achieving a high level of adherence to deadlines, short 

lead times, low inventory levels, which is not always successful nowadays. 
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Abstract 

The world is facing to various hazards globally over the last three years, such as: the global COVID-19 

pandemic crisis. Even the ongoing war conflict between Russia and Ukraine does not add stability to the 

market and the ever-increasing prices of energy and some staple foods are changing consumer prices and 

making the situation confusing. This paper points to the development of some logistics indicators of economy 

and industry in Slovakia over the last 5 years, so the data reflect the development of these indicators before 

the COVID-19 crisis to the present. The choice of indicators was influenced to a large extent by the availability 

of data and thanks to the Statistical Office of the Slovak Republic it was possible to prepare analyses of the 

development of the following indicators: foreign trade (exports and imports), sales for industrial production 

(including mining) and developments in transport. Year 2020 is a year of significant changes, as in March, April 

and May, industry (production and consumption) in Europe, but also in other countries of the world, was almost 

completely stopped. In the conclusion, the paper presents graphical overviews, which are supplemented by 

forecasts of the expected development of these indicators in the near future. 

Keywords: Transport, foreign trade, industry, development and forecast assumption 

1. INTRODUCTION 

Some macroeconomic indicators can also be considered important in macrologistics. This article provides an 

overview of the situation and possible development of selected macroeconomic indicators in Slovakia, which 

are freely available thanks to the Statistical Office of the Slovak Republic. These indicators are influenced by 

various external factors, which ultimately affect the performance of an enterprise itself. Understanding the 

behaviour of macroeconomic indicators can help to refine the forecast of sales of specific products in local or 

global markets. For instance year 2020 is a year of significant changes, as in March, April and May, industry 

(production and consumption) in Europe, but also in other countries of the world, was almost completely 

stopped. Among the many indicators the following indicators has been chosen: foreign trade (exports and 

imports), sales for industrial production (including mining) and developments in transport. The aim of this article 

is to analyse the history and to point out the possible development of these macroeconomic indicators through 

selected classic methods of forecasting. This estimated development can also directly reflect the development 

of other subordinate parameters in various branches of industry and trade, which points to the importance of 

creating forecasts for macroeconomic indicators. 

Foreign trade can be defined as the area of circulation of substantial and unsubstantial goods and services, 

outside a certain state with foreign countries. It relates to one or more groups of countries in the world. 

Substantial goods mainly include goods in the form of products, raw materials and agricultural products. 

Unsubstantial goods include services such as: international and transit transport, education, investment, 

management and health services. Some countries have lack of raw materials and resources or some countries 

have surplus it. In these circumstances, the best starting point is to interchange these necessary resources 

and raw materials, while large-scale savings and different consumer preferences play a great task. [1,2]. 
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An important part of the world of foreign trade is the principle that a larger country with a larger population, the 

lower the degree of dependence of the economy on external economic relations. The dependence of this ability 

can be expressed by the ratio of the volume of foreign trade to gross domestic product. The national economy 

enhances foreign trade by bringing qualitative as well as quantitative effects that are approved for overall 

benefit to the economy [3]. Export is one of the two aspects of foreign trade. It is one of the most important 

foreign trade activities, the purpose of which is the sale of goods and services abroad (technology, licenses, 

copyrights, etc.). Together with imports, it forms the basic interconnection of the economy. The financial funds 

obtained by this activity thus make it possible to ensure the import of insufficient raw materials and goods for 

the further course of the transformation process. The basic export activities include direct and indirect exports. 

Direct export is used in the export of industrial products, production equipment and investment units. The 

batches of these products are complicated and are associated with the need to provide a range of professional 

services in which the presence of the manufacturer on a foreign market is necessary. In the case of indirect 

exports, the producer is no longer in a direct relationship with a foreign customer, but sells its products and 

services to companies [4,5]. 

For small countries with an insufficient raw material base, foreign trade is irreplaceable - it contributes to GDP. 

Exports mainly contribute to the active trade balance (the passive trade balance is when imports exceed 

exports) [3,4].  

Another indicator for the analysis is revenues from mining and quarrying and industrial production, which are 

associated with industry. The development of sales refers to the year 2015 (base December 2015 = 100, 

respectively annual average 2015 = 100), which was set by the statistical office as the reference year when 

the end of the previous economic crisis was definitively ended. The development of the following years is 

monitored up to the present to this reference. 

The third indicator of macroeconomics is development and utilisation of transportation system. Transport has 

become a phenomenon that could not be addressed by immediate action alone, and there is a need to plan 

transport infrastructure and meet the growing demands on its services. It is based on the historically confirmed 

fact of a "closed circle", in which more vehicles generate traffic growth [6,7]. Road transport, together with rail 

transport, forms the basis of the transport system in Slovakia. The state of the transport and 

telecommunications system reflects the degree of introduction of new technologies into the economy, but it is 

also a prerequisite for the overall development of the economy. There are approximately 18,350 km of roads 

(1st, 2nd and 3rd class) and motorways and approximately 3,600 km of railways in Slovakia. Quantitative 

characteristics (e.g. density or length) are good, qualitative indicators (e.g. road surface quality, capacity, 

permeability, electrification, high-speed railways) lag behind the developed countries of the world. 

Road freight transport is the most widespread mode of transport to ensure the transport of goods and raw 

materials. This mode of transport represents up to 80 % of all transported goods and raw materials in Slovakia 

and achieves the highest degree of transport performance in tonne-kilometres (TKMs). 

2. METHODOLOGY 

The forecasting methodology is based on classical methods, with the aim of creating a medium-term forecast 

of the determined indicators over a period of 3 years. However, the main precondition for the development of 

the given situation still remains the idea that the development is expected to "return" to the period before the 

outbreak of the COVID19 pandemic, with a view to other positive trends. This is also indicated by the fact that, 

despite the current high fuel prices, there has been no declination in fuel consumption and thus no traffic 

density in densely populated areas in Slovakia. The only things that can hinder the development of the industry 

are scarce goods (chip crisis as a remnant of the COVID-19 pandemic and raw materials, energy or semi-

finished products supplied from Russia or Ukraine). 
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It follows, from the above mentioned, that the classical methods for trend and seasonal types of data behaviour 

are sufficient for a rough analysis and subsequent prediction of development. Selected methods for predicting 

the development of seasonal time series are: Holt-Winters method, method of seasonal indices and SARIMA. 

Exponential smoothing methods and regression analysis and ARIMA were chosen to predict trend time series. 

3. RESULTS 

Foreign trade statistics of the Slovak Republic, as one of the macroeconomic indicators, generally includes the 

movement of goods between Slovakia and the rest of the world. Since 2009, the development of prices in 

foreign trade has been monitored on a monthly basis by regular sample. The aim of this research is to obtain 

information on import and export prices of selected goods for the calculation of price indices in foreign trade 

for the purposes of analytical evaluation of the development of the price level in total imports and exports.  

Based on the long-term development of the territorial structure of Slovakia's foreign trade, EU member states, 

the Russian Federation, China and the USA can be identified as the main trading partners of the Slovak 

Republic. 

3.1. Import 

In the long term of view, primary commodities are expected to dominate imports, but the share of food and 

agricultural products should also gradually increase. In the case of relations with the USA and the EU, exports 

of services will increase, while the USA should become, based on the development of the volume of stocks 

and production of unconventional natural gas, an exporter of natural gas [economy.gov.sk]. This is also 

supported by the fact that the EU is trying to cut off gas and oil supplies from Russia. After last year's declination 

of 5.5 %, import returned to higher growth and it became a record in 2021, reaching 86.6 milliards euros and 

currently increased by up to 19.3 % year on year (Figure 1) [8]. 

 
Figure 1 History and development of the Slovak import in the foreign trade 

3.2. Export 

Slovak exports were a record last year too, despite the autumn outages. For the whole of 2021, exports of 

goods from Slovakia increased by 16.3 % year on year and at the same time exceeded the values from 2019 

(before the pandemic) by almost a tenth. Total exports of goods reached 7,6 milliards of euros in December 

2021, with a year-on-year increase of 18.5 percent [8]. According to preliminary data, goods worth 88.3 billion 

euros were exported from the Slovak Republic last year, which was the most in the history of independent 

Slovakia (Figure 2) [9]. 
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Figure 2 History and development of the Slovak export in the foreign trade 

3.3. Industry revenues 

Another selected macroeconomic indicator is revenues from industrial production mining and from quarrying 

and revenues, which are associated with industry. The development of sales refers to the year 2015, which 

was set by the statistical office as the reference year when the definitive end of the global economic crisis was 

considered. The development of the following years is monitored up to the present and is shown in Figure 3. 

 

Figure 3 The comparison of a history and development of the total industry revenues and mining and 

quarrying 

Industrial production is dominated by the automotive industry and the metallurgical industry in Slovakia. 

Despite significant prices rising, growing demand and the resulting growing production are expected, which 

may be dampened by the absence of supplies of the required material inputs. As regards the mining and 

quarrying industry, a gradual decline in activity is expected [10]. In Slovakia, the extraction of minerals is 

concentrated mainly in surface quarries and deep mining is slowly disappearing. The most important deep 

mines include the Upper Nitra mines of Prievidza, where brown coal is mined, and the mines in Jelšava and 

Lubeník, where magnesite is mined. Although it is thriving in magnesite mining and Slovakia ranks 5th in the 

world ranking in magnesite mining, the declination can be seen mainly in coal mining due to its negative 

consequences for the environment [11,12]. The following figures (Figure 4 and Figure 5) show a possible 

forecast of the future development. 
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Figure 4 Total industry revenues and its forecast 

 

Figure 5 Revenues from mining and quarrying and its forecast 

3.4. Transport 

Within transport in Slovakia, three basic indicators of transport are selected: road, rail and air transport. Road 

transport together with rail transport forms the basis of the transport system in Slovakia. The most common 

type is road freight transport, which transports the most goods in tons and achieves the highest degree of 

transport performance in TKMs. It allows the widest market coverage, its flexibility is affected by the density of 

the road network. Due to its versatility, it best meets customer requirements. 

Rail transport is suitable for transport over medium and long distances, especially bulk and oversized deliveries 

in complete trains. The most frequently transported materials are fuels, ore, building materials and other types 

of goods that do not matter the speed of transport. 

Air transport is considered to be the most modern and above standard. It excels in its speed, but the 

disadvantage is its high price. It is therefore used to transport small, light but valuable consignments, which 

are extremely time consuming [13,14]. 

The development of these types of transport can be seen in Figure 6, Figure 7 and Figure 8. It is very 

problematic to predict their development for the next two years, because the traffic slowdown in the period of 

COVID-19 restrictions had a significant effect in the last two years. 
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Figure 6 Road transport 

 

 

Figure 7 Rail transport 

 

 

Figure 8 Air transport 

4. CONCLUSION 

The results of the expected development in the next three years in foreign trade show an increase of 

approximately 24 %, compared to the average from 2017 - 2021, whether it is export or import. This increase 

may seem high, but it is calculated also with year 2020, which was quite a weak year due to restrictions around 

the world. In total industrial revenues, the forecast shows growth of less than 8 % over the next three years, 

but revenues forecasts in mining and quarrying show a declination of more than 5 %. The increases in industry 

indicators will also be reflected in the growth of transport demand. Transport will continue to be dominated by 

the busiest road transport. 

Because the forecast is estimated for the longer future, it is not possible to predict its exact development. 

Unforeseen situations such as weather effects (like natural disasters), geopolitical factors, economic crises, 

further waves of COVID-19 epidemics or pandemics or the war in Ukraine, can significantly affect the future of 

the Slovak and global economy. 
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Abstract 

Today, the digitization, improvement and acceleration of all processes means the efforts of manufacturing 

companies and companies to move their production to a higher level. They try to find such possibilities that 

will allow them to optimize production as best as possible under the most favorable economic conditions. With 

the help of digitization and various simulation programs, it is possible to optimize production more accessible 

to a wide range of manufacturing companies. The paper aims to describe the production line in the virtual 

environment of the computer simulation module Tecnomatix Plant Simulation. Subsequently, to reveal the 

potential for possible improvement of the properties of this line. After identifying bottlenecks, eliminate them in 

the simulation model and suggest possible options for improvement. The simulation will also include specific 

models of products produced on the line in question and will also include models of equipment that ensure the 

transformation of semi-finished products into finished products. 

Keywords: Digitalization, simulation, effeciency of production 

1. INTRODUCTION 

We define the production process as a purposeful activity in which a material or semi-finished product is 

transformed into a finished product or service. We characterize it as a creative process, whose function is to 

create utility value and is the main activity of the company [1,7]. Production processes can also be 

characterized as a major global profit generator [2]. One of the main characteristics of the production process 

is production capacity and flexibility. Production capacity is the ability to produce a production unit over a period 

of time. It is given by the maximum range of power that a given production unit can deliver in a given period of 

time. Production flexibility means the ability to adapt, move or adjust the production system when changing 

jobs [3]. 

The company's production processes and activities, which appear to be inefficient in terms of efficiency, need 

to be thoroughly analyzed, deficiencies and errors identified and subsequently optimized [4,8]. Optimization is 

the process of finding the best practices. One of the main benefits of flexibility is the automation of the 

workplace - production line (Figure 1) [5,6]. 

Using a variety of simulation software, users can optimize material flow, resource utilization and logistics for 

all levels of plant planning, from global production facilities, through local plants to specific lines. The computer 

software Tecnomatix Plant Simulation was developed for this solution, which was developed by Siemens PLM 

Software for modeling, simulation, analysis, visualization and optimization of production systems and 

processes, material flow and logistics operations. The software focuses on the workplace as a whole and its 

task is to find and create optimization solutions that take place within the production. It allows you to create 

strategies, statistics and experimentation with the layout of the production. Plant Simulation is used by 

individual production planners as well as multinational companies, especially for strategic layout planning, 
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management logic and the dimensions of large and complex production investments. It is one of the major 

products that dominate this market. 

 

Figure 1 Production workplace optimization scheme [5,9] 

2. CONDITION ANALYSIS 

As part of the analysis of the state and description of the problem that we will address in this section, we will 

focus on the production line of the local engineering company, which we had the opportunity to analyze and 

the task was to optimize production for a specific production line. The company is the newest manufacturing 

and research and development center in Europe and covers the development and production of electronically 

commutated BLDC motors and innovative drive technologies. 

2.1. Production line 

The solved line can be defined as a semi-automatic production line, which consists of four stations or 

workplaces, the first of which is manual, where the operator works, and the remaining workplaces are 

automatic, where the production takes place with the help of robotic hands and sensors. The production takes 

place on a belt conveyor, on which a certain number of pallets with three nests move, in which the components 

are stored, which are subsequently adjusted at different stations according to the type of operations that take 

place at the given stations. The production line serves as a pre-production part of the main line for the 

production of the main product, ie the type of product that is produced on this researched line can be classified 

as a pre-production piece, which we call the stator. The stator consists of six components that are inserted 

during its production. Two-shift production operation takes place on the production line and the total cycle time 

on the given output line is 11 seconds. Figure 2 shows the production line simulation in the current state in 

the Tecnomatix program. We can also see the layout of the stations and the route of the conveyor belt. 

We divided the production process of the investigated line into areas: Station 1, Station 2a and 2b, Station 3, 

Station 4 and Test station. The operator performs two operations on the first station. The first is sampling and 

visual inspection. After removing and then placing the finished piece in the box with finished pieces, it gradually 

places three types of components L, S, and U (lower, stack, upper) in the prepared free space on the pallet. 

There are 3 free nests on the pallet, between which the given piece is moved during production. Properly 

installed components travel to the next station using a conveyor belt. Operation at station one takes 10.5 

seconds after measuring the cycle time. Upon arrival at station 2a, the operation of loading the two TP 

components, which are inserted into the assembly, takes place. The measured cycle time at this station is 10.4 

seconds. The assembly with components L, U, S, and TP (terminal pin) continues to station 2B, where the last 
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component GP will be inserted. Insertion of GP (ground pin) takes 8.8 seconds according to the measurement 

cycle time. The assembled components travel to a third station, where an exchange takes place between the 

wound stators and the unwound stators. The prepared piece arrives on the pallet, which is then removed by 

the robotic arm and placed on the winding station behind station three. the piece starts to be wound up and 

the already wound up is placed in a free position on the pallet. The winding takes place in parallel and the 

winding station has four winding positions, which means that it can prepare four wound stators in advance. At 

this parallel station, the stators are wound with copper wire. The cycle time at this station is 8.7 seconds. The 

wound stators continue to the fourth station, where the TP pushing operation takes place. The operation takes 

8.7 seconds. Another operation continues at the given station, namely TP soldering, whose cycle time is 9.8 

seconds. After passing through all stations, the completed finished piece reaches the last station and that is 

the test station - tester (Figure 3). The electrical and mechanical properties of the stator and its functional use 

are checked on it. The test line operation takes approximately 10.5 seconds. From the test station, the finished 

piece on a pallet travels back to station one to the operator, who visually inspects the piece and stores it in the 

box for finished production. The finished production is waiting to be transferred to the final line, where the 

processing and completion of the final product continues. 

 

Figure 2 2D Representation of the production line 

3. PRODUCTION LINE OPTIMIZATION DESIGN 

Subsequently, a simulation was performed based on the data provided to us by the surveyed company. These 

were cycle times, the approximate number of OK and NOK pieces, the number of production hours, and 

planned and unplanned stopwatches. We entered this data into the created simulation and monitored how the 

production on the given line flows and what the outputs are for individual time periods, per hour, per change, 

and per day. Because the line v is semi-automatic, ie the operator works at one of the workplaces, the 

networking time on the given line is 11 hours with a 12-hour work shift. Therefore, we set 60 minutes as the 
scheduled downtime in each change. We drew unplanned downtime from the provided data and in the 

simulation, we set these downtimes in the given changes randomly during the given shifts. The results of the 

number of finished products on the production line came to us approximately the same as from the provided 

data. Based on this result, we can evaluate that we managed to set the simulation correctly. The production 

line produces small pre-production stator components, which continue to the next final line, where the final 
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piece is completed. According to the provided data and the analysis we performed, we calculated that the 

production line produces about 3,500 pieces per change. According to the company's plan, the order and 

demand for the given pieces are to increase to 4,000 or more pieces per change from the summer, which is a 

problem for the given company. After tracking how the current production takes place and where bottlenecks 

arise, we stated that it is necessary to make changes at the first and last (test) station on the given line. In 

Figure 3 we can see the current state of the first and last station before optimization. 

 

Figure 3 State of the first and last (test) station before optimization - 3D model 

First, we added a small camera for visual inspection to the test station (Figure 4). I would choose a Keyence 

X-ray camera that could be mounted on top of the tester, and in parallel with testing the electrical and 

mechanical properties, we would be able to use the camera to find out if the finished product also has any 

visual defects or damage. Although the cycle time does not accelerate at the last station, it saves us the time 

needed for collection by the operator, who also had to visually check the finished piece during collection. Each 

visual inspection by the operator lasted about 2-3 seconds. This also saved the operator from taking the 

finished pieces. If, after testing the given piece, it turns out that the piece is in order, it immediately proceeds 

to the box of the finished production. If it turned out that the piece had an error after either a mechanical or 

visual inspection, it would proceed to the scrap box. 

 

Figure 4 Modified test station after adding Keyence camera 

The second improvement proposal is the implementation of the KUKA robotic arm, which will place the 

individual components on a pallet and directly in the nest, as the operator did. We would fasten this robot flush 

with the conveyor belt along which the nest pallets move so that there is no unnecessary downtime between 
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the individual movements between the components and the nest so that the robot makes minimal movement 

in the shortest possible time. The advantage of this step will be that the line would change from a semi-

automatic to a fully automatic line. Another advantage is that the production time is increased since, in a semi-

automatic line where an operator works at the first station, the operator has a 1-hour break with a 12-hour 

change. With a fully automatic line, production would run continuously for 12 hours. Another advantage of this 

exchange is that the cycle time at this first station is reduced by about 3 to 3.5 seconds, which we can expect 

a higher output with a 12-hour change. In Figure 5 we can see the proposed Robot Kuka-KR QUANTEC ultra, 

which is suitable for application and operation on the optimized Station 1. 

 

Figure 5 Optimization on station 1 using Robot Kuka-KR QUANTEC ultra - 3D model 

After applying these two implementation proposals, the line works as in the current layout, all stations are 

preserved, as well as production times on them. The line is simulated in 2D and 3D in the Tecnomatix Plant 

Simulation program (Figure 6). The simulation is created mainly in 2D view, where we set the main functions 

and settings of the lines, their cycle times and also the individual methods. We subsequently converted the 

line simulated in this way into a 3D version, for better perception and presentation of the given line. 

 

Figure 6 2D and 3D version of the production line after design implementation 

After adding improvement designs to the simulation, we were able to track certain changes that took place in 

the production process on the production line. After adding a robotic arm to the first station, our production 

time at the first station was slightly adjusted and a change also occurred in that we turned the semi-automatic 

line into an automatic line. As a result, we have removed the necessary break for the operator who worked at 

the first station, and thus we have a 12-hour working time in this variant from the net 11-hour time. With this 

step, we gained 1 hour of net working time per change, which will then be reflected in the output of the number 

of finished products. Other production times at other stations did not change significantly. 
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4. CONCLUSION 

The aim of the paper was to point out the importance of implementing the simulation in the evaluation, 

streamlining and optimization of production processes. This area facilitates the implementation and saves 

resources both in the planning and implementation of new production processes and in the restructuring of 

existing processes. It is an excellent tool not only for project evaluation and selection of the most suitable 

variants of process changes, but also a good marketing tool for presenting the results of these proposals, as 

long as it is processed at a good graphic and digital level. Current versions of simulation modules offer the 

opportunity to present the processing and results of the simulation by projection with the help of virtual reality. 

Thus, it is possible to see real outputs physically and in detail, processed not only on a computer monitor, but 

also transformed into a more realistic image. 
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Abstract  

In addition to a stable economy, the circular model should also ensure a healthy environment. The yield in this 

system is based on the efficiency of using natural resources through efficient recovery. The circular model 

mainly uses renewable resources and we call it regenerative. It focuses on material efficiency, waste of 

resources, reuse, repair, and change in product design. Instead of ownership, he prefers renting and maximum 

use of the product. Emphasis is placed on the design phase, repairability, degradability, and high recyclability. 

In the circular economy, we do not deal with the end but just the beginning, design is key in this, and it 

determines what happens to the material at the end of its life. And not only materials but mainly products or 

their components. It significantly minimizes waste and the cost of input materials and energy required to 

produce new products. The production of waste tyres is constantly growing every year. The presented 

manuscript aims to maximize the recovery of all components of used tyres that are returned to the 

manufacturing process. The research is focused on monitoring the fabrics component of waste tyres and their 

application in the manufacturing of new composite materials. 

Keywords: Circular economy, circular production, waste tyres, sustainable manufacturing 

1. INTRODUCTION  

Around 6 million tonnes of end-of-life car waste is produced annually, of which just over 5 million are recycled. 

Compared to the percentages, just 87 percent of end-of-life vehicle waste is recycled [1]. From the borders of 

the EU countries, France is the largest producer of waste in this right, followed by the United Kingdom and 

Italy. These three countries produced just over 1 million tons of waste in 2018. For comparison, Slovakia 

produces only 38,000 tons of end-of-life vehicles per year [2]. The following Figure 1 offers graphical 

processing of recycling capacity in the European Union between 1992 and 2019 [1,2]. 

 

Figure 1 Recycling capacity of the European Union (years 1992-2019) [2] 
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Landfilling is slowly disappearing in the European Union, with its percentage declining from 62 % in 1992 to 

9 % in 2019. The reuse share reached its lowest level in 2008 at around 5 %.[3] On the contrary, in 2019, we 

can state an increase in the reuse of waste tyres to 9 %. Retreading as a possible way of using waste tyres 

has decreased in the EU to 7 %. [4] On the contrary, waste tyres' share of energy and material recovery is 

very close in percentage values from 1992 to 2019. In Hungary, a newly built plant also deals with the 

abovementioned issue of processing used tyres [5]. The new plant at the Hungarian Zala refinery recycles 

10 % of all used tires in Hungary. Behind this plant are the oil, gas and petrochemical group MOL, whose 

portfolio to the Slovak refinery Slovnaft also belongs. Chemically stabilized rubber asphalt was patented in 

2009, and later in 2014, it was awarded the trademark of an ecological product. The technology patented by 

MOL allows rubber asphalt to be transported, stored and later used so that it can be produced in bulk, and at 

the same time, its use can be off-site.[6] On the other hand, rubber asphalt made in the USA is produced 

directly on the road construction site, as it must be used within a few hours. Due to the extraction of rubber 

particles [7]. The mentioned plant can produce up to 20,000 tons of rubber asphalt per year. This production 

covers almost 10 to 15 % of domestic demand for asphalt. Hungary can thus secure the construction of nearly 

200 kilometres of the two-lane road by recycling half a million used tires [2-5]. The conditions for expanding 

rubber-asphalt roads are favourable, as rubber-asphalt has excellent adhesion to mineral substrates. It 

reduces the probability of the formation of potholes, and its higher load capacity than conventional asphalt 

minimises the possibility of constructing rutted tracks on the road. [6] One of the cheapest and easiest ways 

to burn waste tyres is often used worldwide. From an ecological point of view, this method is very 

environmentally friendly. When worn tyres are burned, an oxidation reaction occurs, where many of the burned 

tires are converted to carbon oxides and soot. In practice, butadiene, styrene, aliphatic and aromatic 

hydrocarbons, benzene, toluene, and phenylacetylene are released into the air. Simply put, heavy metals, 

which have a negative impact on the environment, are released into the air. However, despite this fact, this 

method of tire recycling is used in many countries around the world [7]. The result of the tyre combustion 

process is fuel. To illustrate, if we burn 700 kg of waste tyres due to combustion, we get a secondary processing 

product, which is a fuel, but on the other hand, we produce 720 kilograms of toxins and soot [5]. 

Recycling used tyres is both an opportunity and a challenge. Used tyres are a potentially valuable resource 

for reuse and processing worldwide and in Slovakia. Safety rules must be observed in the case of reuse using 

tire retreading or tire recycling itself. And that is not only in Slovakia but also in the world. Over the years, 

various legal regulations have been formed that oversee the issue above of used tyre processing throughout 

the world and in individual countries. Every country in the world is aware of the limits of the environment that 

surrounds us and the importance of the issue of ecology. Even so, every year, we as a whole world produce 

a large amount of waste, gradually forcing us to change our attitudes. 

2. RESEARCH METHODOLOGY 

In Slovakia, a law on managing waste tyres states that every tire manufacturer and distributor must take back 

waste tyres. The final consumer also has this obligation to hand over the worn tire into the hands of a distributor 

or other authorized person. Only a natural person has the opportunity to hand over a worn tire to the collection 

yard [4-6]. The obligation to return the waste tyre to the distributor remains for legal entities. Every tyre 

manufacturer in Slovakia must register in the Register of Tire Manufacturers through an application for entry 

[3]. These obligations result from Act no. 79/2015 Coll. The Waste Act and the Amendment of Certain Acts 

(referred to as the “Waste Act”). Of course, the number of tyres launched during the year is affected by 

seasonal fluctuations, such as the months when the tyres are changed, i.e. November and April. The following 

chart (Figure 2) presents the number of mentioned tyres on the market from 2016 to 2018.  

On average, the price of a car tire ranges from 50 euros to 150 euros. The price depends mainly on parameters 

such as the tyre's width measured in millimetres, the profile, which represents the ratio of the tyre's cross-

section and its width expressed as a percentage, and, last but not least, the wheel diameter in inches. In the 
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following table, we can see the amount of the recycling contribution over three years.[7] The amount of the 

recycling allowance is determined as a multiple of the number of tires in kilograms placed on the market by 

the participants [8]. The participant is any tyre manufacturer or importer who enters the Slovak market and can 

fulfil its legal obligations to take back tyres through participation in the ELTMA producer responsibility 

organization. In 2019, all participants paid recycling contributions of € 3,567,000. [9] 

 

Figure 2 The number of launched tyres on the market [3] 

Table 1 The amount of recycling payment [5] 

Year 2019 2018 2017 

The amount of recycling 
costs (without the tax) 

0.135 € 0.099 € 0.12 € 

The summary of 
recycling costs 

3 567 7000€ 

 

2 692 000 Eur 

 

3 093 000 € 

 

The recovery of tyres itself is a time-consuming and costly process that is very expensive. Table 2 provides 

an overview of the costs of collecting and recovering waste tyres in 2019, 2018 and 2017. As we can see, the 

costs climbed to € 2,746,000 in 2019, confirming the claim that the recovery of waste tyres is costly [9]. 

Table 2 Waste tyres collection and recovery costs [5] 

Year 2019 2018 2017 

Waste tyres collection 
and recovery costs 

 

2 7462 000 € 

 

2 075 000 € 

 

1631 000 € 

3. RESULTS AND DISCUSSION 

Profitability financial metrics are the basic and subsequent relative indicators determining the company's 

financial health [6]. They quantify the ability of business entities to increase invested capital and generate new 

sources of financing [10]. Profitability expresses the company's ability to create new resources and make a 

profit with the invested capital [11,12]. 
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• EAT (Earnings After Taxes) - represents the economic result after deducting income tax 

• EBT (Earnings Before Taxes) - represents the economic result before deducting income tax 

• EBIT (Earnings Before Interest and Taxes) - represents the profit before interest and taxes 

• EBITDA (Earnings Before Interest, Taxes, Depreciation, and Amortization Charges) - represents the financial 

result before deducting interest, taxes, and depreciation.  

The following Table 3 offers the processing of the company's financial results during the years 2020, 2019, 

and 2018 [5,10,13]. 

Table 3 The selected financial metrics [4] 

Index 2020 2019 2018 

EAT 786 279 € 692 518 € 729 292 € 

EBT 543 551 € 845 987 € 815 190 € 

EBIT 633 725 € 974 995 € 964 225 € 

EBITDA 1 496 955 € 2 086 965 € 2 154 284 € 

In the following Figure 3, it can be seen a graphically displayed Profit of AVE SK for the last few years. The 

company's profit is essentially in line with the profitability indicator EAT (Earnings After Taxes), representing 

the profit after tax. 

 

Figure 3 The company profit [5] 

Material recovery has long prevailed over the energy recovery of waste tyres. The year 2018 indicates 89.8 % 

of material recovery of waste tyres and 9.15 % for energy recovery [11]. The Waste Management Program of 

the Slovak Republic for the years 2021-2025 aims to achieve by 31 December 2025 a rate of waste tyre 

recycling of at least 75 % and a rate of energy recovery of waste tires of a maximum of 24 % of the total weight 

of tires placed on the market. The possibility of different disposal of waste tyres was set at a maximum of 1 % 

[12]. 

4. CONCLUSION 

The circular model primarily uses renewable resources, focusing on material efficiency, waste of resources, 

reuse, repair and change in product design. Emphasis is placed on the design phase, repairability, 

degradability and high recyclability. Therefore, we do not deal with the end but the beginning of the circular 

economy. Design is key in this and determines what happens to the material at the end of its life. It is important 

to draw society's attention to those ways that benefit the environment. Materials recycling and energy recovery 

offer alternative and complementary means of obtaining the greatest possible sustainable benefit from natural 

resources and their waste, which ultimately reduces the consumption of indigenous resources. Approximately 
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36 % of waste tyres in the European Union and 46 % in the United States are used as complementary non-

fossil fuels. Due to waste tyre energy recovery processes, for example, by burning tyres in cement kilns or 

incinerators to burn tyres in cement kilns or incinerators to produce electricity or steam. As a result, the worn 

tyres from which we can obtain energy replace fossil fuels, which belong to the group of non-renewable energy 

sources. 
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Abstract  

This article shows the digital version of a laboratory designed for training logistics processes. Digital models 

are exact copies of real laboratory equipment. Models are created in SolidWorks. The laboratory also monitors 

the movements of objects and employees using RTLS technology. The whole laboratory training takes place 

using virtual reality technology. The digital model brings many benefits to training logistics processes. There 

is no need for a real training center, which saves space and time for implementation, in digital form it is possible 

to easily monitor the whole process, track the times and simply start the whole process again. The whole 

process of logistics process training brings us valuable information about the whole process from which we 

can draw. The creation of digital models and the entire training laboratory is time-consuming and experience 

with the programs is required. 

Keywords: Digitalization, virtual reality, augmented reality, logistics 5.0, digital form 

1. INTRODUCTION 

In this article, we will discuss technical developments that greatly affect the process of logistics and everyday 

life. After outlining global developments, we will discuss the use of virtual reality and mixed reality in logistics 

processes. Last but not least, we will focus on logistics 4.0 and its transformation to logistics 5.0 and its 

indicator base. The course of green logistics is based on the foundations of the logistics pillar 5.0 because the 

global situation in logistics provides room for improvement, to increase the greening of work and the sorting 

and use of resources. The article further describes the Twinmotion program as the final program for 

visualization. The article also contains a digital model and in the conclusion, we focus on its future use. 

The scientific objective is to prove the usability of modeling in 3D modeling software and the subsequent linking 

of programs into the resulting form of a virtual model. The model will serve as a training center after connecting 

with the PiXYZ program, where it is possible to subsequently train the operator and students using virtual 

reality.  

2. DIGITIZATION IN LOGISTICS AND SUPPLY CHAIN 

During this decade, the digital transformation has penetrated the essential life of humanity. As the population 

grows, so does the production and consumption of data, which is mostly generated automatically by intelligent 

sensors and monitoring systems, with a reliance on human activity, although the need to design algorithms 

will still be on the staff. The success of multinational companies such as Amazon, Google, or Alibaba is the 

result of their ability to process and analyze an enormous amount of information with the ability to analyze it 

and use it for further development [1]. 

2.1. VIRTUAL AND AUGMENTED REALITY 

As virtual reality technology continues to improve, its impact is increasingly affecting business services. In the 

design of systems and environments, which I will address in the practical part, exploring alternatives to the 
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design environment, in our case future laboratory spaces, structurally offers future users to explore specific 

design variants to provide feedback to the designer. As part of teaching logistics processes, it is possible to 

provide students with an overview and control of complex machines without the need to be in contact with real 

objects in the research of logistics. The use of virtual reality already in the game process provides a great point 

of reference for controlling the virtual interface [2,3]. 

In the logistics maintenance process, there are applications in which the on-site engineer receives instructions 

from a digital device that contains a complete model of the inspection object. As the name implies, mixed 

reality adds computer-generated information to elements observed in the real state. The information can take 

various forms, such as data from sensors that are not directly observed, in our case from RTLS antennas. 

Virtual and mixed reality raises high expectations in training people for various roles in production and logistics, 

but also in helping to ensure security in logistics. 

Table 1 Benefits of AR in logistics, source: (Stoltz, et al., 2017) [4]. 

Benefits Key Characteristics 

Minimizing the error rate  Easy access to information. 
 Reduce complexity and needless memorizing 

steps. 
 Providing alternative solutions.  
 Easier to cross-check each operation. 
 Predicting bottlenecks. 

Safety  AR assistance for forklift drivers. 

 Receiving audio instructions besides visual ones. 

Increased flexibility  Provides solutions irrespective of the type/size of 
goods. 

 Reduce load on operators 

Improved reliability  Updated information. 

 Data can be visualized from anywhere. 

 Assist in decision-making. 

Reduces time consumption  Avoiding unwanted movements. 

 Reduces re-work. 

 Decreases unwanted paperwork. 

Adaptability  Advanced training methods. 

 Improve planning through simulation. 

 Better marketing strategies. 

2.2. FROM LOGISTICS 4.0 TO LOGISTICS 5.0 

Various changes in consumer requirements and needs, globalization, the spread of the technological 

communication network, and the diversification of activities that are needed in the logistics process have led 

to changes [4,6]. 

The transformation began primarily with the integration of production and logistics processes with information 

technology. This transformation process is associated with the exchange of product information within the 

company and production. Transformational changes have led to the emergence of the 4.0 concept in line with 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

181 

Industry 4.0, which brings innovation and cutting-edge technological elements to logistics. Thanks to the 

elements of mutual communication between machines and personnel in logistics, storing information in the 

cloud will ensure that errors are reduced, and availability is increased. As a result, logistics processes will be 

able to respond flexibly to possible changes [5,7]. 

The unification of green, sustainable and digital logistics, which represents the concept of Logistics 4.0 with a 

human component, can be defined as another step in the evolution grouped under the name Logistics 5.0. 

The main idea for logistics 5.0 is to eliminate or reduce waste to a minimum, whether it is energy, emissions, 

and chemical or solid waste. 

For the sake of clarity, logistics 5.0 is divided into several subsections: 

 green transport: reduce paper consumption, toner, and ink recycling, shutting down computers when 

not in use, use reusable containers and transport equipment, use reusable pallets, reduction of unused 

space in the vehicle, reducing downtime, increasing the usability of space in height within the vehicle, 

use of a vehicle with alternative (renewable) fuel sources (energy), the introduction of alternative energy 

sources in refrigerated vehicles, route optimization, 

 green warehousing: reduce paper consumption, toner, and ink recycling, shutting down computers 
when not in use, use more efficient lighting devices, using light sensors inside the aisle to turn the light 

on only where someone is, use more efficient heating devices, use of more efficient air conditioning 

devices, optimization of transport flows within the warehouse, introduction of fans for circulation of hot 

and cold air, 

 green packaging:  requiring the supplier to take over the packaging in which he delivers the goods, 

existence of pallet management (return) systém, using packaging materials that have less weight, use 

of biodegradable materials, use of recycled packaging materials, use of recyclable packaging materials,  

 Infrastructure: collection of data into databases in real-time, data archive Use of data from the database 
when defining a new work warrant, use of predictive analytics methods, connectivity to external 

databases, Big Data Manipulation State-of-the-art computer infrastructure, flexible and modular 

hardware solutions, 

 organization: top connectivity with everyone in the value chain, special and high-performance 

communication channels (social networks), decentralization within the company, high motivation of each 

employee, and the willingness of workers to change [8]. 

3. TWINMOTION  

Before creating the overall visualization of the classroom, it is necessary to choose the appropriate software 

to create it. After the final selection of the Twinmotion software for the creation of the production hall with the 

help of 3D printing and its subsequent visualization, we got acquainted with it and at the same time we found 

out what possibilities it offers, what its advantages or disadvantages are. This 3D architectural visualization 

software takes us into virtual reality in real-time. It allows us to create high-quality images of our work, but also 

to transfer to this reality with the help of 360 ° VR videos, which are well made, and the rendering time is 

significantly shorter compared to other software. Another option is to enter with the help of VR glasses directly 

into the already created simulation environment at any time, whichever we choose. In addition to a few 

modifications and post-production of the environment, Twinmotion has a wide range of materials that, with its 

display, realistically responds to the set lighting conditions of the scene. 

4. REALIZATION OF DIGITAL FORM 

In the process of creating a visualization model, it was necessary to work with accurate data so that the digital 

model of the laboratory accurately reflected its properties. It was necessary to measure the laboratory premises 
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and create technical documentation so that in case of a change or further use they were accessible to every 

user. AutoCAD Architecture from Autodesk was used for the transformation. In it, it was necessary to enter the 

dimensions of the laboratory and define the height of the halls, or windows and the location of the doors. 

Figure 1 shows a digital model of the laboratory. 

 

Figure 1 Digital model of the laboratory 

Lab equipment such as tables, chairs, computers, stands, the cabin was, and beams were drawn in 

SolidWorks. As in the case of creating model walls, it was necessary to create technical documentation and 

follow it in the modeling process. Figure 2 shows some parts of the laboratory equipment in digital form. 

 

Figure 2 Laboratory equipment 

Another visualization software used was Navisworks from Autodesk. It is necessary to connect the model of 

the laboratory and the modeled equipment. Figure 3 shows the final view of the digital model in comparison 

with the real view of the future laboratory for logistics systems. 
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Figure 3 Digital model from Navisworks 

In the final step, the whole model was recorded in the appropriate format with the Twinmotion program, which 

I described above. Figure 4 shows the resulting form of the digital form of the laboratory for logistics processes. 

The digital form of the laboratory will be further used for the process of presentation of props and training in 

virtual reality.  

 

Figure 4 Digital model from Twinmotion 

5. CONCLUSION 

In the case of the laboratory for logistics processes, the model is in its final form. In the future, we are working 

to equip the laboratory with additional equipment. in the planning process is intelligent monitoring of the 

logistics process, students will be able to examine the movements of staff in production and set a more ideal 

distribution of production components. The digital model will also serve as a presentation of work at the faculty 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

184 

with the possibility of educating the creation of digital models of logistics processes. As part of logistics, we will 

add additional conveyor equipment and equipment for moving material from one workplace to another. Another 

enrichment of the model itself is the opportunity to work with virtual reality, where it will be possible to 

disassemble and assemble parts and thus become more familiar with the company's logistics processes. 

The scientific contribution of the authors is indisputable. Associate Professor Pekarčíková prepares the entire 

laboratory because she deals with the logistics processes for which the laboratory will be primarily intended. 

Ing. Trojan collaborated on the creation of 3D models. 

In the laboratory of logistics processes, processes such as the transfer of material to production stations, 

monitoring and optimization of supply activities will be monitored. The planned equipment of the laboratory will 

also include mini robotic arms, which will simulate in a reduced form the handling and transportation of material 

within logistics. 
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Abstract  

The development of modern technologies under the designation Industry 4.0 or Industry 5.0 brings new 

possibilities in terms of logistics management and implementation in practice as well as independent 

autonomous systems. The use of innovative systems composed of physical models brings new opportunities 

in the teaching process. The aim of our contributioon is to point out the use of such innovative systems in 

practice. The main element is the use of educational robots which represent a huge potential in the teaching 

process. There is currently a research institute at the BERG Faculty that has such educational robots and 

where we try to bring opportunities to use these educational robots effectively in connection with research and 

to be of benefit to the teaching process. In terms of the technological part of the research, our goal is to create 

autonomous systems with the help of such educational robots, and to model and create workplaces that 

correspond to real workplaces in various areas of industry in the real world. The project plan is to build a new 

laboratory for the simulation of robotic workplaces with the help of educational robots. 

Keywords: Innovative system, education robotics, teaching process. 

1. INTRODUCTION  

Over time, all industries in society change. It is mainly about the way people work in production and logistics 

systems. Constant development of new technologies, introduction of Industry 4.0. but also, the social change 

is the cause of this phenomenon. This kind of change, transformation is still a difficult nut for some companies. 

It is necessary to adapt to the current situation and to accept new challenges in management approaches that 

can help advance the company and logistics as such. Author Fabio Sgarbossa and team in Human factors in 

production and logistics systems of the future [1] describe how different companies adapt to automation and 

what role the human factor plays in this. Other authors address the various impacts of the human factor on 

efficiency and system building. For example, the authors D. Battini, M. Faccio, A. Persona, F. Sgarbossa in 

New methodological framework to improve productivity and ergonomics in assembly system design [2] 

describe a methodology for increasing productivity in the design of a certain system. The involvement of the 

human factor in the production process is inherent, but it brings with it errors. Authors D. Pasquale, S. Miranda, 

W.P. Neumann in the article Aging and Human-System Errors in Manufacturing: A Scoping Review [3] Human 

Factor Errors in Manufacturing. There are many other authors who deal with this issue, for example: C.H. 

Glock, E.H. Grosse, W.P. Neumann [4] E.H. Grosse, C.H. Glock [5] M.Y. Jaber, Z.S. Givi, W.P. Neumann [6]. 

When implemented in real life and in our project, it is important that autonomous systems behave naturally. It 

is necessary that they can adapt to situations in the simulated system, such as changing direction, performing 

the necessary action, start and stop at the desired moment, avoiding obstacles. This last problem is mentioned 

by the authors Wang Shaobo, Zhang Yingjun, Li Lianbo, in A collision avoidance decision-making system for 

autonomous ship based on modified velocity obstacle method [7], where they deal with the collision avoidance 

system in an autonomous ship. Other authors in this field are D. Bareiss, J. Van Den Berg [8], T. Degré, X. 

Lefèvre  [9] , Z.Y. Zheng, Z.L. Wu [12]. 
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For the needs of building an autonomous logistics system based on small physical models used for educational 

purposes, it is necessary to focus on industrial robots and then on educational robots 

2. MAIN FUNCTIONS AND TRENDS OF AN INDUSTRIAL ROBOT 

In the literature, the term industrial robot refers to devices that can independently solve various handling tasks. 

At present, although an industrial robot is defined according to ISO, there are several other definitions with 

different interpretations, but they all have the same essence. The main functions of an industrial robot include:  

 Handling ability to grasp objects, transfer, orient and position them, including technological tools 

 Versatility, which means that the robot serves not only one purpose, but after changing the program, 
end effector or tool, it can be used for other purposes in other conditions and iterative relationships of 

the applied environment. 

 Perception, the ability to perceive the work and operating environment from internal and external 

sensors to control the functions of the target program. 

 Autonomy, the ability to independently perform the required sequence of tasks, according to the 
specified program, respectively. in combination with a certain degree of self-determination on the choice 

of procedure for the implementation of the task 

 Integrity, the ability to concentrate the functional groups and the main subsystems (including the control 

subsystem) in terms of software and hardware, if possible, in one compact unit [10] 

The basic trends in robotics for the future are robots are learning new tricks, robots are working in smart 

factories, robots are entering new markets, robots are reducing their carbon footprint, robots are helping to 

secure supply chains. 

 Robots learn new tricks  

Artificial intelligence software combined with vision and other sensing systems allows robots to handle 

challenging tasks. One such task is picking up the trash, which in the past was only possible by human hands. 

New generations of robots are easier to install and program and are connectable. Advances in communication  

 Robots work in smart factories 

The automotive industry has pioneered solutions for smart factories that use industrial robots on assembly 

lines that have dominated traditional automotive manufacturing for more than 100 years. The future belongs 

to the networked interaction of robots and autonomous controlled vehicles - or rather autonomous mobile 

robots (AMRs). Equipped with the latest navigation technology, these mobile robots are much more flexible 

compared to traditional production lines. Bodies are transported on driverless transport systems. They can be 

disconnected from the assembly line flow and redirected to assembly stations, where it is possible to assemble 

individually equipped variants. When completely changing the models, it is only necessary to reprogram the 

robots and AMR, and not to dismantle the entire production line. Thanks to the integration of workstations for 

cooperation between humans and robots, it is gaining momentum, robot suppliers state that robots work hand 

in hand with people without fencing.rotocols seamlessly integrate robots into Industry 4.0 automation and 

strategies. 

 Robots enter new markets  

Breakthroughs in connectivity are contributing to the increased adoption of robots in manufacturing sectors 

that have only recently turned to automation, such as food and beverages, textiles, wood products and plastics. 

The ongoing digital transformation will lead to completely new business models, as manufacturers can diversify 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

187 

more easily than ever before. In an intelligent factory, different products are gradually assembled on the same 

equipment - a traditional production line no longer exists. 

 Robots reduce carbon footprint 

Investments in modern robotic technologies will also be driven by the demand for a lower carbon footprint. 

Modern robots are energy efficient, which directly reduces energy consumption in production. Thanks to higher 

accuracy, they also produce less low-quality goods, which has a positive effect on the ratio of input sources 

and outputs. In addition, robots help in the cost-effective production of renewable energy equipment, such as 

photovoltaics or hydrogen fuel cells. 

 Robots help secure supply chains  

The situation in the world has highlighted the weakness of globalized supply chains. Manufacturers can 

reconsider the offer with a completely different outlook. When productivity is offset by automation, 

manufacturers have increased flexibility, which may not be available in high-wage countries such as most of 

the European Union, North America, Japan, or the Republic of Korea. Robotic automation offers productivity, 

flexibility, and safety [11].   

3. EDUCATIONAL ROBOTS  

In addition to industrial robots in manufacturing companies, there are small versions of industrial robots. As 

the use of robots is increasingly taking place daily in today's modern world, these small educational robots are 

becoming increasingly popular. Robots replace humans wherever routine and repetitive work is needed - in 

performing diagnostics, production, data collection and the like. According to experts, these tasks took people 

up to 75 % of the time. Now that robots can be used for these tasks, attention can be focused on activities and 

problems that require cognitive skills, creativity, and the like. Therefore, the abilities and skills that have been 

required of people in the past in job positions are gradually changing. It is necessary to develop a curriculum 

regarding this rapidly changing world, in which people must exercise their abilities using robots. In today's 

world, initiative, planning, flexibility, commitment, resilience, empathy, and appreciation of the ideas of others 

are needed more than ever before. It is therefore appropriate to talk about the implementation of several robotic 

learning tools that will prepare people for different industries and not just industry. Robotic learning tools are 

gaining popularity because: 

 intelligent stands take over all routine and monotonous work, 

 job applications now require complex problem solving, creative thinking, broader knowledge, 
communication, and collaboration, 

 with the use of new robots and technologies, students must learn to code and program [12]. 

The advantage of using robots in the learning process is less intervention by adults in students' learning, 

greater control of students over the process, and thus a feeling of satisfaction and good results. The Education 

for Robotics is an Italian curriculum in which students and children develop just the above. They work in groups 

on a certain robotic project and then present their projects to others. There are even competitions where, in 

addition to the feedback from their co-students, they also must get feedback and advice from experts. The 

Robotics Education program has been running for several years, schools are interconnected, and teacher 

support is provided. The OECD report from 2020 approved this Italian model as a model that others should 

follow. This is also recognized by companies that manufacture industrial robots. They also make sure that they 

provide training courses and things that support education in these areas. In fact, awareness of robots is such 

that they replace people, and many people lose their jobs, but this is not always the case. Some robotic 

applications require more staff than they did before production automation. They therefore design industrial 

robots that have a smaller scale, from toys that do not work, and certain parts can only be adjusted manually, 
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to mini-industrial robots that have full functionality and equipment. It's getting easier and more affordable to 

get to these robots. One of these robots is an educational set of robotic arms, which is purely intended for such 

educational purposes. It has 6 degrees of freedom, has the advantages of an all-metal robotic arm, a high-

quality lower joint and stable operation. The base is fixed with an all-steel bearing, so there is no shaking of 

the arm. All joints have bearing joints. It uses 5 metal servos and 2 metal gear servos. The lower joints are 

secured with two servo drives, which are twice as powerful and stable. The size of the robotic arm can vary 

slightly, depending on the production batch, but is suitable for teaching and testing. The design concept is 

taken from ABB palletizing robots. The main structure is the same and the range of motion is greater than for 

robots of similar sizes. The frame material is a thick hard aluminium alloy. The end effector can be different 

depending on the properties - it can be an electromagnet, a fork, a gripper, a suction cup, and the like. They 

provide service, a one-year warranty, a manual and the remaining parts for this robot. It is available for 84 to 

167 €. 

Another example of these educational robots is the WLKATA Mirobot educational kit. It is also suitable for 

industry for logistics purposes. This set is already at a slightly higher level, available for around 1300 €. It is a 

6-axis robot that has been awarded as the best rated by universities and schools in more than 40 countries. It 

provides the perfect robotic educational platform for higher education, research laboratories, manufacturers, 

and professional training. It handles 250 g load, repeatability 0.5 mm and horizontal reach 428 mm. This robot 

is capable of applications such as palletizing, picking and laying, assembly, and the like. The set includes a 

Mirobot robotic arm, power supply and high-speed USB cable, pneumatic kit including end effectors such as 

suction cups, two-finger gripper and soft three-finger gripper, multifunction box, pen holder, microscopic 

actuator module, manual and stickers. Even with this robot, it is possible to create a mini production line, and 

thus better prepare for the time when it will not be just such small robots, but robust industrial robots [12]. 

 

Figure 1 WLKATA MIROBOT production line [14] 

3.1. Introduction to WLKAT MIROBOT 

As described in the previous chapter, there are many robust industrial robots on the market, as well as small 

scales under the name educational robots. When assessing the individual solutions, we decided to use the 

WLKARA MIROBOT set for educational purposes. This set proved to be an unequivocal winner in the 

comparison of the parameters of price-quality-learning opportunities. Another great advantage of this set is 

that its appearance is best reflected by real robust industrial robots. WLKATA Mirobot is a six-axis mini-

industrial robotic arm manipulator independently developed and marketed by Beijing Tsinew Technologies 

Co., Ltd. The WLKATA Mirobot manipulator is primarily developed for higher education purposes. It represents 
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a new generation of lightweight six-axis table robot model that integrates several practical functions, such as 

drawing, manipulation, folding, painting, writing and machine vision. Users can easily control the Mirobot using 

the remote control, graphical programming, tutorials, and games. It has a rich I / O interface that allows 

connection to various end effectors. By the I / O interface we mean that only the basic program can work in 

different modes. For advanced operation, users must master the Python programming language. The input 

interface means coordination mode only by means of joint movement, coordination mode by means of a 

rectangular system, learning mode of individual steps, drawing mode, suction pump mode, etc. The output 

interface is the possibility to connect various devices to the end effector, such as: pump, gripper, drawing 

holder, laser, etc. [15] 

WLKATA The Mirobot consists mainly of a base, six swivel joints, a lower arm, an upper arm, and an end 

effector connection plate, as shown in the Figure 2 In Mirobot there are a total of six joints of the robot, see 

the Figure 3 to familiarize yourself with the name of each of the six joints [15]. 

 
Figure 2 Composition 

 

Figure 3 Joints on WLKATA MIROBOT 

4. CONCLUSION  

The project is currently in the research and development phase of small physical models. These small physical 

models have huge potential in teaching and research at the faculty. However, behind the huge potential of this 

technology is many shortcomings that this problem hides. Further research and development of small physical 

models and subsequent construction of an autonomous logistics system is necessary. During the research of 

the system so far using elements of educational robots, many obstacles have been identified that need to be 

removed to fulfil the goal. Despite these shortcomings, we are well on our way to building a functional 

laboratory where such innovative systems and especially educational robots will be used. With the help of 

research, our priority is to bring a new methodology to the teaching process and thus make teaching in the 

field of not only industrial logistics but also innovative systems more attractive. 

The article is part of the solution of the project KEGA 016TUKE-4/2020, "Applied research projects as a means 

for the development of new models of education in the study program industrial logistics". And project VEGA 

1/0317/19, "Research and development of new smart solutions based on the principles of Industry 4.0, 

logistics, 3D modeling and simulation for streamlining production in the mining and construction industries" 
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Abstract 

The job scheduling problem is one of the biggest optimization challenges for manufacturing companies. A 

properly performed planning can reduce both cost and production time. A scheduling problem that has been 

the subject of research in numerous research papers is the permutation flow shop scheduling problem (PFSP) 

with makespan as optimization (minimization) criterion. Frequently used algorithms to solve PFSP is the 

constructive deterministic heuristic algorithm NEH. Many researchers have analyzed the effectiveness of the 

NEH algorithm. An example of the issues studied is the importance of the order of input data on the results 

obtained by the NEH algorithm. In the literature, a number of variants of NEH-based algorithms can be found. 

The N-NEH+ algorithm is considered to be one of the most efficient. Therefore, this paper focuses on analyzing 

the influence of the input sequence on the results obtained by the N-NEH+ algorithm. Two most popular 

benchmarks were used to analyze the influence of the input sequence: the Taillard's benchmark and the VRF 

benchmark. The results obtained confirm that the input sequence has a significant impact on the results 

obtained by the N-NEH+ algorithm. However, this influence is less than that of the NEH algorithm.  

Keywords: PFSP, N-list technique, N-NEH+ algorithm, scheduling, input sequence 

1. INTRODUCTION 

The permutation flow shop scheduling problem (PFSP) is a production problem for finding the best sequence 

of jobs to be processed in minimizing a given objective function (e.g. makespan, tardiness, cost or flow time). 

A characteristic of PFSP is that the order of execution of all of the n jobs is the same for each of the m 

machines. In this paper, the makespan value (CMAX) is used as an optimization criterion. The problem thus 

defined can be written as Fm|prmu|Cmax [1]. For the number of machines more than 2, Fm|prmu|Cmax is an NP-

hard problem [2]. 

Due to the complexity of PFSP, heuristic algorithms are applied to solve it. One of the most popular heuristics 

used is the NEH algorithm [3], whose operation can be described in the following three steps: 

1) Sort in non-increasing order the list of jobs according to their total processing time.  

2) Add the first job from the list to a partial sequence and deletes the job from the list. 

3) Until the list is not empty, add the first job from the list to a partial sequence to get makespan as short 

as possible, and then delete the scheduled job from the list. 

The efficiency of the NEH algorithm is strongly influenced by the first step, which results in the input sequence. 

Many studies have focused on analyzing the impact of the method of determining the priority for each job (after 

which jobs will be subsequently sorted) on the final result of the NEH algorithm [4-12]. One of the most efficient 

modifications of the NEH allogrithm is the N-NEH+ algorithm [13]. The operation of the N-NEH+ algorithm is 

based on the use of the N-list technique. It is a modification of step 3 of the NEH algorithm, by checking not 

one but N jobs each time. This paper focuses on verifying whether the input sequence for the N-NEH+ 

algorithm is as relevant as for the NEH algorithm. 
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2. INPUT SEQUENCE  

Determining the input sequence is the first step of both the NEH and N-NEH+ algorithms. The input sequence 

is created by assigning a priority (pj) to each job and then sorting the jobs according to this priority. For testing, 

selected methods of priority calculation based on the work of [4-11] were used. The jobs for creating the input 

sequence were sorted NON-INCREASING according to job priorities calculated as follows: 

 TPT (NEH): �� � ∑ ��,�)�*+  

where pi,j is the processing time of job j on machine i 

 TPT1: �� � ∑ ��,�),+�*-  

 TPT2: �� � ∑ ��,�)�*-  

 TPT3: �� � ∑ ��,�),+�*+  

 S: �� � ∑ .��,�/-)�*+  

 SR: �� � ∑ .��,�/+/-)�*+  

 SP: �� � ∑ 1 ∗ ��,�)�*+  

 WSUM: �� � ∑ (3 − 1 + 1)��,�)�*+  

 ABS_DIF: �� � ∑ ∑ 5��,� − ��,�657�6*+)�*+  

 WABS_DIF: �� � ∑ ∑ (3 − 1 + 1)5��,� − ��,�657�6*+)�*+  

 SS_SRA: �� � ∑ ∑ 58�,�,�65)�*-7�9*+,�6:�  

where: 8�,�,�6 � ��,� − ��,�6 
 SS_WSRA: �� � ∑ ∑ (3 − 1 + 1)58�,�,�65)�*-7�9*+,�6:�  

 SS_SRS: �� � ∑ ∑ .8�,�,�6/-)�*-7�9*+,�6:�  

 SKE: �� � ;�<� + ��=� + >?@(�A��) 

where ;�<� � +
) ∑ ��,�)�*+ , ��=� � B +

),+ ∑ .��,� − ;�<�/-)�*+ , >?@(�A��) � C
D ∑ .�E,F,GHIE/JDEKC

LB C
DMC ∑ .�E,F,GHIE/NDEKC O

J 

 SKEx: �� � ;�<� + >?@(�A��) 

 SKEy: �� � ;�<� + ��=� 

The presented job priorities were used to analyze the effect of input sequece on the results of the N-NEH+ 

algorithm. The measure of solution quality for a given benchmark is the average relative percentage deviation 

(ARPD) calculated as: 

;PQ=!R � +
� ∑ S�Q,1T−S?U@V,1TS?U@V,1T

��W*+               (1) 

where SP is the sorting priority, I indicates the number of instances in the benchmark, MSP,ic is the makespan 

value of the sorting priority SP for instance ic and Mbest,ic is the best known value of makespan for instance ic. 

3. COMPUTATIONAL EXPERIMENTS 

The N-NEH+ algorithm performance with the presented sorting priorities were tested using two benchmarks: 

Taillard’s benchmark with 120 instances [14], and VRF benchmark with 240 Small (S) and 240 Large (L) [15]. 

The algorithm was implemented in C# and all the computations were carried out on a computer with two Intel 

Xeon E5-2660 v4 CPUs. 

Tables 1-3 show the results of the N-NEH+ algorithm for different N-list lengths for instances, respectively: 

Taillard (Table 1), VRF Small (Table 2), and VRF Large (Table 3). 
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Table 1 ARPD[%] values for TAILLARD’S benchmark (the best ARPD value for a given N is bolded).  

Sorting priority N 

1 2 4 8 16 

TPT 3.326 2.947 2.552 2.317 2.195 

TPT1 3.947 3.490 2.989 2.606 2.319 

TPT2 3.602 3.130 2.769 2.485 2.258 

TPT3 3.464 3.086 2.625 2.364 2.243 

S 3.279 2.952 2.642 2.314 2.184 

SR 3.462 3.028 2.696 2.414 2.246 

SP 3.882 3.345 2.920 2.540 2.284 

WSUM 3.633 3.120 2.732 2.386 2.217 

ABS_DIF 3.724 3.349 3.011 2.713 2.569 

WABS_DIF 4.008 3.436 3.000 2.748 2.512 

SS_SRA 3.752 3.336 3.041 2.726 2.532 

SS_WSRA 3.808 3.275 2.936 2.692 2.506 

SS_SRS 3.777 3.334 3.003 2.701 2.528 

SKE 3.282 2.886 2.589 2.353 2.181 

SKEx 3.201 2.968 2.597 2.309 2.189 

SKEy 3.273 2.919 2.644 2.408 2.204 

For the Taillard benchmark, three sorting priorities stand out: TPT, SKE, and SKEx. For the NEH algorithm 

(N=1), the best priority was found to be SKEx, which is clearly outperformed by the others. The original sorting 

priority of the NEH algorithm was found to be the best for only one analyzed N-list length (N=4). 

Table 2 ARPD[%] values for VRF Small benchmark (the best ARPD value for a given N is bolded).  

Sorting priority 
N 

1 2 4 8 16 

TPT 3.845 3.325 2.951 2.641 2.473 

TPT1 4.231 3.718 3.199 2.870 2.653 

TPT2 4.041 3.510 3.111 2.740 2.566 

TPT3 3.919 3.469 3.067 2.781 2.604 

S 3.923 3.436 2.971 2.657 2.496 

SR 3.955 3.541 3.063 2.763 2.548 

SP 4.108 3.548 3.108 2.803 2.594 

WSUM 4.076 3.521 3.106 2.765 2.571 

ABS_DIF 4.299 3.799 3.389 3.161 2.947 

WABS_DIF 4.400 3.825 3.456 3.171 2.976 

SS_SRA 4.294 3.853 3.374 3.141 2.951 

SS_WSRA 4.329 3.876 3.471 3.196 3.025 

SS_SRS 4.291 3.797 3.455 3.193 3.024 

SKE 3.842 3.356 2.886 2.622 2.448 

SKEx 3.835 3.360 2.937 2.655 2.493 

SKEy 3.880 3.395 2.938 2.669 2.487 
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For the VRF Small instance, the distinguished sorting priorities again turned out to be: TPT, SKE and SKEx. 

Again, the SKEx priority was the best for the NEH algorithm. Among the priorities, the SKE priority stands out, 

producing the best results for three of the five N-list lengths tested. 

Table 3 ARPD[%] values for VRF Large benchmark (the best ARPD value for a given N is bolded).  

Sorting priority 
N 

1 2 4 8 16 

TPT 3.332 3.003 2.673 2.390 2.142 

TPT1 3.470 3.140 2.830 2.525 2.287 

TPT2 3.426 3.082 2.764 2.460 2.210 

TPT3 3.368 3.034 2.736 2.424 2.202 

S 3.288 3.000 2.689 2.368 2.127 

SR 3.380 3.061 2.773 2.466 2.232 

SP 3.795 3.457 3.081 2.782 2.493 

WSUM 3.501 3.193 2.874 2.599 2.335 

ABS_DIF 3.446 3.185 2.890 2.629 2.407 

WABS_DIF 3.436 3.168 2.895 2.669 2.429 

SS_SRA 3.384 3.132 2.851 2.606 2.388 

SS_WSRA 3.448 3.184 2.900 2.649 2.427 

SS_SRS 3.416 3.143 2.848 2.618 2.386 

SKE 3.362 3.013 2.634 2.378 2.122 

SKEx 3.313 3.016 2.669 2.375 2.156 

SKEy 3.348 3.008 2.671 2.372 2.132 

For the VRF Large instance, the most effective priorities were: S and SKE. For none of the N-lists was the TPT 

priority the best. Only for the VRF Large instance, the S priority achieved the best result among all priorities. 

Moreover, priority S turned out to be the most effective sorting priority for as many as three of the five analyzed 

N-list lengths. 

The last aspect that was analyzed is the difference between the best and the worst result of all the sorting 

methods used. This value was referred to as “Difference” in the following section and was calculated as follows: 

Difference � Max − Min              (2) 

Table 4 summarizes the Min, Max, and Difference scores for each benchmark and N-list length analyzed. 

Table 4 Summary of Min, Max and Difference (max-min) ARPD values for the analyzed sorting priority 

Bench. Value 
N 

1 2 4 8 16 

Tai. 

Min 3.201 2.886 2.552 2.309 2.181 

Max 4.008 3.49 3.041 2.748 2.569 

Dif. 0.807 0.604 0.489 0.439 0.388 

VRF S 

Min 3.835 3.325 2.886 2.622 2.448 

Max 4.4 3.876 3.471 3.196 3.025 

Dif. 0.565 0.551 0.585 0.574 0.577 

VRF L 

Min 3.288 3 2.634 2.368 2.122 

Max 3.795 3.457 3.081 2.782 2.493 

Dif. 0.507 0.457 0.447 0.414 0.371 
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For both the Taillard and VRF Large instances, it is clear that the Difference value decreases as the N-list 

length increases. Only for VRF Small instance, the Difference value remains at a similar level. For all instances, 

however, can be seen a clear decrease in the value of Min and Max. It means that regardless of the input 

sequence, the N-NEH+ algorithm allows for a clear improvement in the performance of the NEH algorithm. In 

addition, the value of Difference allows us to conclude that for most instances, it will reduce the discrepancy 

of results obtained by the N-NEH+ algorithm for different input-sequences. 

4. CONCLUSION 

In this study, the problem of the influence of input sequence on the results obtained using the N-NEH+ 

algorithm was analyzed. For calculations 16 sorting priorities were used. Analyses were performed using 

Taillard's and VRF benchmarks. Different lengths of the N-list were also considered in the analyses. The 

obtained results confirm that similarly to the NEH algorithm, also for the N-NEH+ algorithm the input sequence 

is very important for the efficiency of the algorithm. For each of the analyzed sorting priorities N-NEH+ allowed 

a significant improvement of the result, relative to the NEH algorithm. Both for Taillard's benchmark and VRF 

Large, as the length of N-list increases, we can observe a decreasing difference between the best and worst 

results of analyzed sorting priorities. Only in the case of VRF Small instance this difference remains at a similar 

level. It is also worth noting that for analyzed benchmarks, different sorting priorities allowed to obtain the best 

results for the NEH algorithm, but in no case was the original sorting priority of the NEH algorithm - i.e. TPT. 
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Abstract  

This paper is focused at increasing the efficiency of the supply and demand chain in a company engaged in 

the assembly and production of individual components for the automotive industry. Each company uses 

different tools to increase its competitiveness. One of the important tools is logistics, the purpose of which is 

the regulation, organization, control and integration of flows, which are associated with various processes 

aimed at optimization. Supply chain evaluation based on joint planning and management offers the opportunity 

to dynamically adapt orders in individual organizations to the individual requirements, and thus can optimize 

lead times.  

Keywords: Supply and demand chain, competitiveness, efficiency, supplier evaluation 

1. INTRODUCTION  

A part of the supply-customer chain are correct supply-customer relations, the basis of which are individual 

elements and activities in production, transport or trade. Due to various reasons, the supply and demand chain 

is interrupted, which ultimately affects the company's profit as well as its image. In the event of such a situation, 

the role of the company's management is to make correct and responsible decisions. In order to maintain and 

increase the competitiveness of the company in the market, it is essential to focus on increasing the efficiency 

of the supply and demand chain.  

2. LOGISTICS CHAIN SPECIFICATION 

The primary task of supply chain management is to connect and manage processes and resources with the 

goal of satisfying end customers through one or more logistics chains and creating an integrated system. The 

acronym SCM comes from the English Supply Chain Management. SCM focuses on the following areas: 

 structure - connects the location of operations and processes at individual levels of the logistics chain, 

 organization - it is important to determine which organization is directly responsible for each individual 

link in the logistics chain, within which it is necessary to define inter-organizational links and 

relationships,  

 processes - focused on planning, performance as well as controlling. 

The logistics chain consists of the following levels [1]: 

 level L0 - the highest aggregate level, which includes a complex of all organizations that participate in 

their own value-creating processes to ensure customer satisfaction. The complex flow to the customer 

(customer) begins with the original supplier of components and continues with sub-sections, which are 

managed by the respective companies. The right logistics chain consists of sub-sections that need to 

be coordinated and interconnected at the strategic, tactical and operational levels due to the functioning 

of the complex, 
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 levels L1 and L2 - include the planning process and other executive processes such as sourcing, 

production or manufacturing, delivery as well as backflows. 

 

The specification of logistics chains at the L1 and L2 levels is presented in Figure 1. 

 

 

Figure 1 Logistics chain [1] 

Customer priority is a major competitive factor. The organization's focus on its own core business, which is 

linked to cooperation with other companies, can contribute to meeting customer requirements. The 

interconnection of the logistics and supply chain creates an opportunity for direct contact with the customer. 

The starting point is the assumption of a specific strategy in terms of certain market conditions with the 

application of the PULL principle. The principle of the move must be set so that it is possible to solve 2 problems 

within the value chain: 

 company guarantee, in terms of fast and efficient delivery of the required product directly to the 

customer, 

 increased pressure to eliminate inventories, ultimately reducing tied capital. 

The optimization of the specified problems tends to lead to an undesirable production outage in case the 

inventory is reduced to a minimum. In terms of production activities, it is important: 

 increase the planning speed, 

 ensure the continuity of the actual course of processes, 

 shorten production lead times, preferably product processing times. 

It is necessary to ensure compliance with the basic indicators on the part of production: 

 meeting deadlines, 

 cost of production, 

 quality, 

 length of lead time, 

 inventory turnover, 

 order delays, 

 value of orders. 

Supply chain evaluation based on joint planning and management offers the opportunity to dynamically adapt 

orders in individual organizations to the requirements, and thus can optimize lead times. The supply chain can 

be assessed in terms of [2]: 

 optimization of lead times and delivery times by half, 

 faster and more flexible market entry, 

 halving stocks, 

 halving the number of currently managed production orders and orders, 

 long-term estimation of sales planning data to reduce risky stocks.ength of lead time, 
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Measurement of supply chain efficiency can be realized through several indicators. The breakdown of 

indicators is realized in terms of the following aspects [2] (Table 1): 

 time efficiency of the chain - delivery times, order deadlines, 

 process costs - direct and indirect costs, specific costs for chain management, 

 financial efficiency of processess - use of resources, profitability, 

 fulfilment of chain goals - fulfilment of deliveries, provided services, quality of deliveries, customer 
satisfaction.  

Table 1 SCM efficiency indicators [2] 

Evaluation area Types of indicators Assessed aspect Evaluation criteria 

Time aspect order processing process, 
fulfillment of delivery 

deadlines, continuous 
production time, duration 
of shipping and logistics 

services, production cycle, 
line movement, number of 

produced products per 
time period 

Reliability  timely delivery 

timely processing of the 
shipment 

satisfying demand from 
stocks 

quality of the finished 
order 

Cost aspect direct costs (material, 
payroll), indirect costs 
(according to types of 
overheads), logistics 

costs, costs of warranty 
repairs, complaints, credit, 

interest 

Flexibility response time between 
chain links 

fluidity and assimilation of 
production 

Financial 
efficiency 

inventory turnover, 
inventory levels, land use, 

labor productivity, 
profitability of turnover and 

capital 

Costs Supply Chain coordination 
costs 

claims and guarantees 

Chain goals meeting deadlines, quality, 
completeness of orders, 
evaluation by customers, 

number of complaints, 
repeated purchases, 

customer loyalty 

Assets stock level 

inventory turnover 

3. SUPPLIER EVALUATION AS A TOOL TO INCREASE THE EFFICIENCY OF SUPPLY AND 
DEMAND CHAINS  

In order to increase the efficiency of the supply-customer chain, it is important that every company, in addition 

to recording supply errors, carries out supplier evaluations [3]. Otherwise, it is not possible to evaluate suppliers 

and then draw conclusions about their performance. Part of this paper is to provide a proposal for supplier 

evaluation for the given company. The evaluation of suppliers consists in assigning a point / quantified factor 

for a certain delivery error according to importance [4,5].  

MS Excel is used to record errors in deliveries. As the overall evaluation for a certain period of time is not 

recorded, it follows that in case of multiple errors in the delivered materials, the supplier is not notified of its 

errors or escalation of the number of erroneous deliveries, which could result in an initiative for the change of 

the supplier [6,7]. Among the serious errors that are recorded: damaged packaging, undelivered material or 

only 50 % were delivered from the requested amount, the quantity was not delivered in accordance with the 

agreed number of components in the delivery note, the components are not packed in the agreed packaging 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

200 

or alternative packaging specified in the delivery note, repacking, delivered unknown material, exchanged 

material, non-conforming batch, non-observed time of arrival of delivery [8]. 

3.1. Defining errors by importance 

The next step was to create a scoreboard to define errors by importance based on the assigned factor. By 

assigning a numerically scored factor to a defined error, it will not only determine the significance of the error, 

but it will also serve as the basis for a formula for future supplier evaluation. In Excel, this table is associated 

with the vendor evaluation table for easier formula entry. Defined errors are listed in Table 2. 

Table 2 Error specification  

Error specification   Factor (Fn) 

Not delivered, or missing material 5 

Delivery delay  4 

Order quantity mismatch with delivery note - the 
quantity is not the same as the delivery note 

3 

Delivery deficiencies (repackaging, misplaced 
labels, unknown or replaced material, packaging 

account mismatch) 
2 

Damaged packaging (packaging is repackaged 
and repacking costs are paid by the supplier) 

and non-conforming batch 
1 

Subsequently, based on the formula that has been developed for this project, it is possible to calculate the 

percentage error rate. Based on this value, the company will be able to draw conclusions regarding the 

performance and quality of suppliers.  

 
where: 

DP - damaged package, 

UDM - undelivered material / delivered 50 % of the request, 

QDN - the quantity does not match the delivery note, 

R - repacking, 

SL - swapped labels, 

UKM - unknown material, 

EM - exchanged material, 

NB - nonconforming batch, 

PAD - packaging account discrepancy, 

DDU - delayed deliveries 

Fn - given evaluated factor. 

Another part of the paper is the identification of the level for the evaluation of deliveries from suppliers, which 

is shown in Table 3. The evaluation levels are color-coded due to the severity of the supplier's error rate. The 

supplier can be evaluated in green, which is problem-free, up to red, when the plant submits a complaint to 

the headquarters in case of a high percentage of unreliability. 

(1) 
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Table 3 Levels of supplier evaluation 

Level 
Valuation 

(%) 
Consequences for suppliers 

1.  to 1 Acceptable, minimal disagreement 

2.  1.1 - 2.9 First notice from the material planner 

3.  3.0 - 3.9  Notice to senior material planners, 
official registration of complaints 

4.  4.0 - 9.9 Escalation to Logistics Manager, 
supplier request for action plan 

5.  10.0 Headquarters initiative 

Based on formula (1) for calculating the error rate in deliveries, it is possible to determine the consequences 

for the respective suppliers. The results for the respective suppliers are presented in Table 4. 

Table 4 Results of evaluation of relevant suppliers 

Suppliers 
Error rate 

(%) 

Supplier A  0.08 

Supplier B 4.52 

Supplier C 0.22 

Supplier D 1.09 

Supplier E 0.14 

Supplier F 0.24 

Supplier G 2.35 

4. CONCLUSION 

One of the last parts of the paper was the creation of a scale for supplier evaluation, where the range of errors 

expressed as a percentage determines supply shortcomings from acceptable to the headquarters of the 

company, where the logistics manager informs the headquarters about the unreliability of their chosen supplier. 

Every company that seeks to increase its competitiveness uses a variety of tools. Competitive pressure is 

constantly growing, which is why companies are fighting for their customers. Important factors are especially 

fast delivery of goods to the customer, flexible response to changes and prices of goods. These aspects must 

be taken into account by every company, thus creating different partnerships with suppliers and customers. 
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Abstract 

The Lean Six Sigma methodology is a disciplined and logical approach that is used in industrial companies to 

improve various processes. The essence of improvement is to reduce variability, eliminate defects and 

eliminate waste, especially in manufacturing processes of which logistics activities are an integral part. This 

methodology is based primarily on statistical methods, simpler and more complex quality management 

methods as well as lean management methods. The main importance that adds to the value of the Lean Six 

Sigma methodology compared to other improvement methodologies is the application of advanced industrial 

engineering methods and more complex statistical methods and the use of measurable financial indicators to 

interpret results. 

The paper focuses on the application of Lean Six Sigma or Six Sigma methodology in industrial practice. The 

main objective of the paper is to identify and analyze the critical factors of failure of implementation of Lean 

Six Sigma methodology in industrial enterprises in Slovakia in comparison with enterprises in the world.  

Keywords: Lean Six Sigma, quality management, process improvement, industrial engineering methods 

1. INTRODUCTION 

All industries operating in the open global competition have the same market opportunities. In order to respond 

to the pressures created by global competition, businesses must adopt competitive and innovative methods 

that are an opportunity and tend to emphasize quality and customer orientation. The use of appropriate 

methods enhances the competitive ability of the enterprise, but also requires the knowledge of the people in 

the organization for the proper implementation and subsequent application of the improvement methods. Six 

Sigma methodology also uses such methods in its application. 

The Six Sigma methodology as we know it today has been around for over three decades. Like any 

methodology, method, tool, or discipline, Six Sigma has undergone a certain evolution. Today, the main focus 

is on the link between Lean Management and Six Sigma, i.e. Lean Six Sigma, and it focuses on reducing 

variability and making production leaner. There is a debate among experts on whether these two philosophies 

should merge and merge into one philosophy or methodology. In this paper, we will use Lean Six Sigma 

terminology, but we will be primarily concerned with advanced industrial engineering methods and more 

complex statistical tools or methods. There is ample scope to consider the question of why manufacturing 

companies operating in Slovakia are not motivated to use the Lean Six Sigma methodology. 

2. THEORETICAL BACKROUND 

The goal of the Lean Six Sigma methodology is to reduce variability and waste in manufacturing processes. 

Motorola was one of the companies that were successful in adapting the Six Sigma methodology in the 1980s 

in an effort to increase quality levels by reducing variability in manufacturing operations in a continuous and 

consistent manner [1]. 
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Albliwi (2014) in his research defined Lean Six Sigma as "a business strategy and methodology that improves 

process performance and results in increased customer satisfaction and better bottom line."  [2]. 

Lean Six Sigma has become the leading methodology for improving processes and the entire business, it has 

gained this status due to its successful implementation in all types of businesses. The goal of Lean Six Sigma 

is to drive and kick-start business improvement with the core functions of industrial engineering methods, 

quality management, and statistics and also in conjunction with the idea of Lean. Then to incorporate these 

methods and solutions into integrated approaches to improving the performance and quality of processes, 

products, and services. Lean Six Sigma focuses on the elimination of key quality criteria (CTQ) issues [3]. 

The Lean Six Sigma methodology is used by large corporations and businesses to eliminate non-

conformances, reduce variability, and streamline the production system. As such, the methodology has an 

excellent track record of improvement and ensures comprehensiveness in addressing improvement. Thus, 

Lean Six Sigma focuses on reducing variability, and reducing defects, and waste in the process or products. 

In doing so, it uses the DMAIC logical sequence, which is the most well-known and commonly used sequence 

in the application of Lean Six Sigma.  

The most successful implementations of the Six Sigma methodology share common characteristics [4]: 

- Six Sigma embeds quality into the functioning of the company and also the departments themselves, instead 

of being maintained as a separate entity. The idea of Six Sigma implementation being a private matter of the 

quality department is deeply distorted first: the vice president of quality management could not bear to answer 

the possibility of a company wide Six Sigma implementation. 

- In most successful implementations, the Six Sigma program has been extended to all of the company's 

processes. It would be a big mistake to limit the implementation to only the most relevant areas. 

- Six Sigma assumes management involvement and support. It is paramount that the company's board of 

directors put quality as a priority. 

- Six Sigma focuses on well-defined, measurable goals. Often the finance department is involved and is in 

charge of verifying the economic savings resulting from various improvement actions. 

Although many of the tools, and methods of the Lean Six Sigma methodology are known, there is a lack of 

understanding of the sequence of these methods or a model for effectively guiding the implementation of the 

methodology. Since there is no specific implementation model, practitioners have encountered tremendous 

difficulties in implementing the Lean Six Sigma methodology and there are reports of widespread Lean Six 

Sigma failures [5]. 

According to Paslawski, one of the reasons for the failure of Lean Six Sigma programs is that these programs 

are not implemented properly [6]. 

Many articles present case studies of Lean Six Sigma implementation. A useful exercise was to sort out the 

various aspects that the authors believe are the basis and successful implementation of Lean Six Sigma. We 

will refer to these items as the Critical Failure Factors (CFFs) of Lean Six Sigma. Many publications such as 

[4,7] have defined the critical failure factors involved in the implementation of the methodology. Of course, the 

specific items pointed out by each author vary according to the type of industry, size of the company, etc.  

According to research by Fonseca and colleagues [8] it appears that there is a significant difference in the 

level of knowledge of Six Sigma issues among employee groups. In the publication, the groups were divided 

into TOP MANAGEMENT (board member CEO, and General Manager), MANAGEMENT (quality, 

environment, safety, and health), and the last group was OTHER FUNCTIONS. They found that there was a 

significant difference in knowledge between these groups and specifically the Top Managers had a weaker 

knowledge of Lean Six Sigma issues. Although this research was conducted on a sample of Portuguese 

companies, it can be assumed that this trend and the given unfavorable conditions are also present in Slovak 
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companies. Research also says that only about 10 % of companies that implement Lean practices are 

successful in understanding and implementing the philosophy into their business processes. Also, lean 

manufacturing systems and practices are challenging to implement [9]. 

In exploring the issue, we set the following the research questions: 

RQ1: Which process improvement methodologies need to be developed, deepened, and applied in your 

company in the context of Industry 4.0? 

RQ2: What factors hinder the implementation of Lean Six Sigma in medium and large industrial enterprises in 

Slovakia? 

3. METHODOLOGY 

To obtain data and analyze the application of industrial engineering methods in company practice, we used a 

questionnaire from the VEGA project. The questionnaire contained 37 closed questions. The first part of the 

questionnaire was focused on the identification questions of the respondents and from the second part of the 

questionnaire we focused on the evaluation and analysis of the questions "Which process improvement 

methodologies need to be developed, deepened, and applied in your company in the context of Industry 4.0?" 

and "Which industrial engineering methods do you currently use most often in process improvement in the 

context of Industry 4.0 elements?". With these questions, we analyze the real application of the Lean Six Sigma 

methodology in Slovakia and the use of industrial engineering methods that are applicable to the Lean Six 

Sigma methodology. It was 556 respondents from different organizations in Slovakia participated in the survey, 

and 322 respondents were from industrial enterprises of different sizes. The distribution of enterprises by a 

number of employees is shown in Figure 1. 

Data processing was carried out using Microsoft Excel. The ANOVA method was used to test the relationships 

between the dependent and independent variables to evaluate the statistical hypotheses. 

A further breakdown of respondents, which we created based on the industry sector, is shown in Figure 2. We 

focused on six industries where there is the greatest potential for Lean Six Sigma to be used in industrial 

practice. 

In exploring the issue, we also focused on analyzing the factors of Lean Six Sigma´s failure. By reviewing the 

published literature in the area focusing on implementation, advantages/disadvantages, application benefits, 

and other issues related to Lean Six Sigma methodology, we obtained information on the real state of Lean 

Six Sigma implementation as well as the benefits of this improvement methodology are for businesses. We 

studied papers in scientific journals focusing on the subject that was published in the WOS and Scopus 

databases between 2014 and 2022 and that originated from many countries around the world, e.g., Italy, 

Sweden, Brazil, USA, United Kingdom, Slovakia and others. The criteria for searching information in the given 

scientific databases and digital libraries were identified as Lean Six Sigma implementation, Lean Six Sigma 

failure/failures, and Lean Six Sigma success/benefits. Information was also obtained through personal 

interviews with employees of manufacturing companies in Slovakia who have experience with Lean Six Sigma 

implementation. We gained personal experience with the implementation of Lean Six Sigma in a particular 

medium-sized manufacturing company operating in Slovakia in the chemical/textile industry.  

As Sony [10] states in their research many companies have successfully implemented Lean Six Sigma, on the 

contrary, some companies that have proceeded with the implementation have not gained any of the benefits 

that this methodology provides. Thus, these companies have not managed to implement Lean Six Sigma. Like 

any new implementation in a company, Lean Six Sigma is prone to failure and in our research, we present the 

key failure factors that we have defined for our three research areas (Enterprises of the World, Specific 

Enterprise, and Slovak Enterprises). 
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Figure 1 Percentage of enterprises by size [own 

processing, 2022] 

 

Figure 2 Distribution of respondents based on 

industry sector [own processing, 2022] 

4. RESULTS 

By studying research materials in Web of Science (WOS), Google Scholar, IEEE Xplore Digital Library, Taylor 

and Francis, Scopus, and survey data, we evaluated the answers to the research questions and research 

hypotheses. 

RQ1: Which process improvement methodologies need to be developed, deepened, and applied in your 

company in the context of Industry 4.0? 

We investigated and compared industry areas and process improvement methodologies that need to be 

developed in the context of Industry 4.0 with each other. We compared the industries, as based on our 

experience we expected that there would be a significant difference between the companies with regard to the 

application of the methodologies. Following the research question, we also defined a scientific hypothesis. 

 

Figure 3 Improvement methodologies applied in industries [own processing, 2022] 

The processed results are shown in Figure 3. Relative abundances were calculated relative to the industrial 

area, not to the total number of respondents. Based on the above results, it can be concluded that project 

management is the most commonly reported methodology. The results vary quite a bit in comparison, as the 

use of improvement methodologies is a company-specific issue, but also a sector-specific issue in the industry. 

Each industrial sector is characterized by distinctive processes that need the application of a different 
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improvement methodology to improve. Also, these enterprises implement technologies in different ways in the 

context of Industry 4.0, so they assume that it will be necessary to develop a specific improvement 

methodology. There are significant differences between industries in the application of Lean Six Sigma and 

Six Sigma methodologies, respectively. These methodologies are mostly applied in the engineering and 

chemical sectors. 

In our opinion, it is the Lean Six Sigma or Six Sigma methodology that can work better with data in solving 

complex projects in real-time thanks to Industry 4.0 technologies, e.g. Big Data technology. By integrating 

these tools, it will be possible to make rapid interventions in processes and implement improvements at a lower 

cost. 

Based on the findings from research question 2, we defined the following hypothesis: 

H1: There is a significant difference between industries regarding the need to develop improvement 
methodologies in the context of Industry 4.0. 

In testing Hypothesis 1, we based the frequencies on Figure 3, looking to see if there was a significant 

difference between the work sector and the need to develop improvement methodologies in the context of 

Industry 4.0. 

Table 1 Results of testing hypothesis H1 

ANOVA 

      

Source of Variation SS df MS F P-value F crit 

Rows 382.22 5 76.44 3.430 0.017 2.603 

Columns 7707.56 5 1541.51 69.174 7.95E-14 2.603 

Error 557.11 25 22.28 

   

Total 8646.89 35 

    

Based on the results from the analysis of variance (Table 1), we can conclude that there is a significant 

difference between companies in different industries in terms of the need to develop improvement 

methodologies in the context of Industry 4.0. 

We have also addressed the issue of the application of the Lean Six Sigma methodology or the factors that 

hinder its successful application. 

RQ2: What factors hinder the implementation of Lean Six Sigma in medium and large industrial enterprises in 

Slovakia? 

A comparison of the areas with respect to the factors of failure in the implementation of the Lean Six Sigma 

methodology is shown in Figure 4. After studying the research [2, 8, 12] and the findings obtained from 

industrial enterprises operating in Slovakia, we have defined the most critical factor for the failure of Lean Six 

Sigma implementation as the lack of documentation. This fact was also confirmed to us in a specific enterprise 

in Slovakia. Due to the lack of documentation and sequencing of the use of improvement methods, the project 

team did not know how to define the project and the logical sequence of the individual improvement phases. 

The managers stated that the training company identified to them that Lean Six Sigma projects are handled 

using the DMAIC sequence, but the identification of the use of key improvement methods within DMAIC was 

left to the newly trained managers, who, however, did not know what methods and tools to use in each step 

and required further study of the literature on the subject. It is the appropriate use of improvement methods 

and tools within the DMAIC phases that is essential for the successful application of Lean Six Sigma. Based 

on the above, we conclude that there is a great need for application documentation focusing on the use of 

industrial engineering, quality management, and statistical methods tools and methods to guide Lean Six 

Sigma project teams in process improvement. 
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In most cases, companies prepare documentation on their own and often inexperienced project managers 

include mainly simple statistical methods and simple industrial engineering methods, which by themselves are 

of little value without mutual cooperation and without the use of other more complex or advanced methods. 

 

Figure 4 Critical factors of Lean Six Sigma implementation failure [own processing, 2022] 

Due to the fact that project teams and project managers work with simple methods individually and define 

results based on the application of these simple methods, the application of the Lean Six Sigma methodology 

is unsuccessful. It is the Lean Six Sigma methodology that requires working with more complex or advanced 

improvement methods and tools.  

Other failure factors for Lean Six Sigma methodology include the lack of ability of employees to perform 

statistical analyses, poor knowledge of statistical methods, poor application skills with advanced statistical 

tools and methods, as well as industrial engineering and quality management methods. 

5. CONCLUSION 

We see the primary scope for improving the application of the methodology in individual companies in the 

creation and implementation of general application documentation for Lean Six Sigma projects. It is necessary 

to create a proposal or framework for the sequence of the use of methods and tools in relation to the existing 

sequence of DMAIC phases. The aim is that these methods and tools should be logically linked to each other, 

that the data obtained should be linked, and that the results of the analyses should be correctly interpreted in 

relation to the defined project objective. With regard to the implementation of Lean Six Sigma, the concept of 

Industry 4.0 cannot be forgotten, where there will be synergies between this improvement methodology and 

the paradigm. This will ensure an increase in the ability to improve processes more quickly in real-time, so to 

speak, with a greater proportion of data and information in the implementation of a given measure, which will 

be of great benefit to businesses. Industry 4.0 technologies should also change the traditional application of 

Lean Six Sigma methodology in enterprises, as traditional data analysis techniques will not be sufficient, as it 
is a time-consuming activity. Also, in our paper and research, we have identified that businesses and 

employees are aware of the need to develop individual improvement methodologies in the context of Industry 
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4.0 in order to be competitive. However, our interest and focus are specifically on the Lean Six Sigma 

methodology and our findings show that approximately 25 % of respondents employed in the four largest 

industries reported the need to develop Lean Six Sigma in context with Industry 4.0 specifically and 10 % of 

respondents reported active use of the methodology in practice. 
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Abstract  

This poster deals with the current issue of industrial localization using RTLS technology, which is now widely 

introduced in the logistics industry and thus creates a number of opportunities for the possibility of process 

optimization. This poster highlights the specific use of this technology in logistics flows, which now needs to 

be thoroughly researched. The result of this research are analyzes of the movements of workers, forklifts, but 

also the condition and location of material in warehouses. RTLS localization technology offers a wide range of 

possibilities for creating a digital image of individual companies and thus the ability to be competitive.  

Keywords: RTLS, localication, logistics flow 

1. INTRODUCTION 

Process analysis is essential in logistics due to the dynamism of this environment. The ever-changing 

environment requires constant analysis and solutions that deliver optimized processes at reduced costs, 

increased quality and reduced times. RTLS systems are a comprehensive tool suitable for analysis and 

optimization of logistics processes in companies. With the current trend in logistics, where the decisive factor 

is the speed of satisfying customer needs, it is necessary for companies to use progressive technologies to 

optimize logistics processes, which are part of the concepts of Industry 4.0 and Logistics 4.0. 

2. POSSIBILITIES OF USING RTLS LOCALIZATION IN LOGISTICS PROCESSES 

The logistics industry requires high reliability and accuracy in the field of position monitoring, as well as the 

complexity of monitoring technologies. The complexity of localization technologies is significant because the 

diverse processes in the logistics industry form chains and cooperate with each other. It is also necessary to 

pay attention to the interaction of active and passive elements of these chains. RTLS technology from Sewio, 

which is also located at the Department of Industrial and Digital Engineering, Faculty of Mechanical 

Engineering, Technical University in Košice, is a specific localization solution that meets these requirements. 

From the above, it can be clearly stated that RTLS localization has a wide application across entire logistics 

flows. It enables the tracking of employees, property, means of transport, replaces the traditional Kanban digital 

eKanban, provides the possibility of cooperation with the Digital Twin and reduces the time needed to meet 

customer needs globally. 

2.1. Employee tracking 

Employees are a core element of every company, so it is important to pay attention to their safety and improve 

their working conditions. In case of emergency situations such as fire, leakage or explosion of gas or other 

conditions endangering the health of employees significantly reduces the time required to save them due to 

their familiar location. With virtual zones, you can easily identify which people are in safe zones and who are 

still at risk. This element is especially important in large buildings with several floors. Location tags are also 
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equipped with an emergency button, which allows employees to quickly call for help in the event of an accident 

or nausea. The tag sends a notification with information about the current location to the dispatcher, and then 

help is sent. During evacuation drills, it is possible to verify the permeability of evacuation routes and predict 

the behavior of people during a real threat. Virtual zones can have different sizes, so it is possible to set danger 

zones for specific machines with an accuracy of up to 30 cm. If an employee enters such a zone, he may be 

alerted by a light board with an activated IO line, or the operation of the machine may be restricted. The 

dynamic zones feature sends alerts when there is a risk of a collision between two closely moving entities. 

This is mainly used in the event of a pedestrian colliding with a forklift in areas with high and opaque racks. 

 

Figure 1 Virtual zones 

The tags can be equipped with a group of different sensors, thanks to which the conditions in the workplace 

are constantly monitored. The temperature, pressure, concentration of carbon dioxide in the air or the level of 

radiation can be monitored. The system also allows you to pair tags with smart watches and mobile devices. 

 

Figure 2 Heatmap of employee movement 
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2.2. Material tracking 

In manufacturing companies, the fact applies that the location of the object within the production also 

determines its production phase. An example may be e.g. assumption that if 2 parts are located in front of the 

welding zone, they are 2 separate pieces. However, if they are located behind the welding zone, we can 

assume that these parts have been welded and already form one unit. Placing an asset in a specific zone can 

then automatically trigger the subsequent required operation. An example is the automatic material reservation 

required for the next operation. Zone Watch, the advanced creator of Sewio RTLS virtual zones, provides 

flexible configuration and control of logistics logic definition without the need for programming. 

 

Figure 3 Material tracking 

3. CONCLUSION 

There are a number of other applications in logistics in the use of RLTS localization systems, with which we 

can optimize various aspects of logistics. For example, it could be eKanban or creating a connection with a 

digital twin. This localization technology has great prosperity in the future, not only to increase the 

competitiveness of companies but also to create a better overview of the operation of the manufacturing 

company. 
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Abstract  

Due to massive increase of using of different types of city transport e.g. cars, bicycles, segways, scooters, or 
electric scooters also increases the potential risk of collisions or critical situations. These risks may be caused 

by the undisciplined drivers or exceeding of maximal allowed speed on the city roads. All these factors can 

affect transport safety in the city, especially for the most vulnerable road users like pedestrians, bikers, or 

scooter riders.  

In our research, we decided to find out the speed conditions and the speed limits exceeded by the passenger 

car drivers, van drivers, and long vehicle drivers. Our traffic sensor network consists of 26 traffic intensity 

sensors placed in strategic places around the city center of Zilina city and the sensor network covers all the 

road lines. The sensors can count input and output traffic and also measures the speed of the vehicles crossing 

the sensors. The major group of traffic sensors is placed near the pedestrian crossroads, so we can detect the 

exceeding the speed in the most dangerous places for pedestrians or cyclists in the city. Since we have 

diversified data, we can compare places near and far from pedestrian roads.  

Keywords: Road safety, traffic sensors network, vehicle speed, Zilina city 

1. INTRODUCTION 

In this article, the data evaluation of city traffic safety in the Slovak county city Zilina is described. The data are 

collected from 26 traffic sensors placed in the main input and output road lines to the Zilina city center. The 

wireless traffic sensors are inbuilt into the asphalt construction of the road covered by the layer of liquid asphalt. 

The 9 battery-powered traffic gates were mounted into the roads as described before and they are almost 

invisible to see, and they do not affect the appearance or quality of the roadway. The map of traffic sensors 

placed in the city is shown in Figure 1. The sensors can detect the traffic volume of incoming and outcoming 

vehicles, the speed of transiting vehicles, and the category of these vehicles. The live data from traffic sensors 

are cyclically collected by the LoRaWAN wireless interface every 5 minutes so we can consider the sampling 

frequency of these data is enough for this purpose. The data are sequentially saved into the database whereas 

this database is completely free of charge and available for wide public purposes on the web page 

www.clevernet.sk. Another group of sensors installed in the Zilina city center is a group of climatic sensors 

placed in 5 different places in the city. To ensure diversity of the data, the sensors were placed in different 

locations for the example city park, concrete zone, or the highest build-up area in the city. This sensor net 

collects the temperature and humidity data for 80cm and 200cm height for all sensors. In the article, will be 

evaluated the influence of the weather on traffic safety in the city. 

On Figure 2 is shown the two used traffic sensor units. The sensor can count traffic for both directions of the 

roadway, and measure speed and the size of vehicles by the one measuring unit so the works on road and 

traffic restrictions due to the sensor mounting are reduced to the lowest possible minimum. Only the hole 

drilling, placing, and backfilling with liquid asphalt resin is necessary for mounting the sensor. [7] 
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Figure 1 Map of traffic sensors placed in the Zilina city 

 

Figure 2 Picture of used wireless traffic sensors 

2. DATA ANALYSIS 

The data collecting from traffic sensors started in the July of the year 2021. To this moment the database 

consists of data from 9 full months of traffic. The data from the summer and also the winter months are 

available.  
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Table 1 Road safety index for the week 4.4.2022-10.4.2022 for all 26 measured traffic lines 

Place  Total count Total over limit Over limit % 

Tajovského/Vysokoškolákov.OUT 18747 83 0.443 % 

Bratislavská.OUT 7640 111 1.45 % 

Tajovského.IN 43079 1255 2.91 % 

Kysucká.OUT 14712 438 2.98 % 

Bratislavská.IN 14793 731 4.94 % 

Košická.OUT.right.lane 11264 602 5.34 % 

Rázusa.IN 4684 282 6.02 % 

Vysokoškolákov.OUT.right.lane 16637 1083 6.51 % 

Tajovského.OUT 27431 1950 7.11 % 

Kysucká.IN 9554 834 8.73 % 

Rázusa.OUT 14412 1831 12.7 % 

Hálkova.OUT.right.lane 35492 4675 13.2 % 

1.mája.IN 41396 6005 14.5 % 

Štefánika.IN 20854 3569 17.1 % 

Komenského.OUT 17635 3557 20.2 % 

Hálkova.IN.right.lane 31314 6360 20.3 % 

Hálkova.IN.left.lane 34973 7950 22.7 % 

Košická.IN.right.lane 7613 1912 25.1 % 

1.mája.OUT 34630 9073 26.2 % 

Košická.IN.left.lane 18256 4851 26.6 % 

Vysokoškolakov.OUT.left.lane 9368 2840 30.3 % 

Vysokoškolakov.IN.left.lane 52070 17694 34.0 % 

Košická.OUT.left.lane 31438 11228 35.7 % 

Vysokoškolakov.IN.right.lane 28214 11296 40.0 % 

Komenského.IN 36902 16997 46.1 % 

Hálkova.OUT.left.lane 33050 20084 60.8 % 

From Table 1 is clear, that the worst case is on the Halkova street and the most speed limit exceedings are 

on this road. For further and detailed analysis, this road was chosen. This road is the straight connection to 

the industry area of Zilina and big housing estate areas Hajik, Banova and Zavodie. On the Figure 3 is shown 

a pie chart of the vehicles with a speed over 60 km/h for the Halkova street for the output and input direction. 

In the Table 2 are listed the categorization criteria for the length of vehicles and the speed of the vehicles. The 

length has 4 categories (cars, vans, long vehicles and uncategorized) and the speed has 3 categories (0-30 

km/h, 30-60 km/h, >60 km/h). [1,8] 

Table 2 Categorisation of length of vehicles (a) and speed of the vehicles (b) 

a)  b)  
Category Lenght [m] 

0 3 - 7 
1 7 - 14 
2 14 - 30 
3 uncategorized 

 

Category Speed [km/h] 
0 0 - 30 
1 30 - 60 
2 < 60 

 

3. THE MOST DANGEROUS PLACES DETERMINATION 

In the data analysis part were found which roads are driven by the over speed vehicles. It is interesting fact 

that so many vehicles have a speed over 60 km/h in the strong densely populated zones of the city. It is not 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

217 

available to measure the maximal speed of transiting vehicle in this configuration of sensors since the sensors 

have only 3 categories of speed (0 - 30 km/h, 30 - 60 km/h, >60 km/h). For the statement of the most dangerous 

place data about speeding about 60 km/h from all sensors were compared and then the most dangerous place 

was researched individually. From the complex analysis of all traffic sensors was found that the place where 

the speed is most exceeded is Halkova Street. The detail of the place is in Figure 4. This road consists of 4 

traffic lanes, 2 lines in every direction, it is one of the main road feeders of traffic into the city center. In this 

place is also strong pedestrian traffic through the pedestrian crossroads which is a very dangerous situation 

with the combination speed limit exceeding. On the Figure 3 is shown the composition of categorized vehicles 

to 3 groups (cars, vans, long vehicles) with speed over 60 km/h and with the percentual ratio of categorized 

vehicles. [2,3,5] 

 
Figure 3 Comparison of vehicles with speed over 60 km/h 

On the Figure 4 is shown the detail of Halkova street with the measurements of distances from the pedestrian 

crossroad. From the circular crossroad, Rondel is the 110m distance to the pedestrian way and the vehicles 

have a shorter distance to increase their speed. Another situation is in opposite direction, if the vehicles are 

on the wax from the city cetre. The distance to increase speed is 270m from another crossroad and this 

distance is enough to increase speed for cars and vans and exceed the 50 km/h speed limit easily. [10] 

 
Figure 4 Position of Halkova street on the map and the detail of Halkova street with distances from 

pedestrian crossroads 
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Figure 5 Chart of traffic intensity versus traffic safety index for 8.4. 2022 - 10.4. 2022 

The Figure 5 shows the traffic density and the traffic safety index for Friday to Sunday dates 8.4. 2022 - 10.4. 

2022. From the chart is clear that the density of traffic during weekend days is approximately 45 % of the 

working day traffic. The traffic safety index is a ratio of vehicles over 60 km/h versus the total count of vehicles 

counted by the sensor. As we can see from the yellow curve, during nights the traffic safety index is significantly 

higher than during daylight. In some cases, it touches the value of 100 %, which means that all vehicles that 

passed the sensor ran at a speed higher than 60 km/h. since the sensors can sort only speed over 60 km/h 

and not the exact speed, the real speed of vehicles is not known. In the reality it can be much bigger than the 

50 km/h [7,9] 

4. CONCLUSION 

In this article, the safety on the roads from the view of exceeding the maximally allowed speed limit of Zilina 

city was described. The database of traffic data from the network of 26 traffic counters was evaluated and the 

results were graphically presented in the article. Due to the usual exceeding of the speed limit and existing 

widely used pedestrian roads in the place, the most dangerous place has been determined as the Hálkova 

street. The next analysis researched that the vans are the major group of speed limit exceeding (approximately 

55 % of the speed limit exceeding) is caused by the van drivers. This fact is shattering because vans are types 

of vehicles with higher overall weight than passenger cars and they are usually used for freight transport. Since 

the braking distance can be much longer than the braking distance of the car, this group of traffic participant 

is the most dangerous on Hálkova street. The results from this article about road safety, maximally allowed 

speed limits exceeding can be a very good suggestion for the traffic police as a determination of the most 

dangerous place a place with potential of traffic accidents or collisions with non-motorized traffic participants. 

The random police checks and speed measurements with the combination of other widely used devices to 

increase road safety road retarders or changeable traffic signs e.g., can increase the road safety for 
pedestrians or cyclists in dangerous places.     
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Abstract  

Simulation software has become an integral part of solving scientific problems. Transport is no exception; 

therefore, every transport project must be based on a model and simulation. ETCS is a novelty interlocking 

system of train protection. Its various application levels offer new possibilities for access to train protection. 

ETCS L2 levels are being built on railway lines in the Czech Republic and the Slovak Republic. This system 

brings the highest added value in terms of railway transport capacity. This poster deals with the simulation of 

a fictitious track equipped with ETCS L2 in the OpenTrack software and a comparison of performance 

indicators with the state-of-the-art. 

Keywords: Simulation, ETCS, headway, capacity 

1. INTRODUCTION 

Current trends in rail transport are forcing infrastructure managers to increase the track capacity. Congested 

line sections in agglomerations do not allow for further capacity increases by shortening the interval and longer 

trains are not possible due to the length of the platforms. On the other hand, the European Train Control 

System (ETCS) is going to be implemented, which transfers responsibility for speed reduction and stopping 

the train from the driver to this system. However, this can harm the capacity of the lines, as the reliability of 

such a system must be ensured with almost 100 % certainty. This article deals with the simulation of the ETCS 

with benefits (short block sections) on the capacity of the Czech railway infrastructure. 

2. COMPARISON OF THE CONVENTIONAL MODEL AND ETCS IN FOREIGN PROJECTS 

The authors investigated the current state-of-the-art of scientific knowledge in the field of ETCS implementation 

and its impact on a line capacity. For example, the study [1] deals with the implementation of the different 

ETCS application levels and their impact on the line capacity. The study mainly discusses the L2 and L3 

application levels. Based on simulations, the authors assume the potential for increased line capacity when 

using these systems, assuming higher line speeds (above 200 km⸱h-1) [1]. In another study according to the 

source [2], which deals with the comparison of the ETCS L2 application level with conventional ATP (Automatic 

Train Protection) systems, mainly analytical methods are used. Based on analytical calculation methods, the 

authors conclude that a real capacity increase of 10 % can be achieved on a suburban railway network. A 

case study is developed for selected suburban lines around London [2]. Another study [3] compares the 

operation of conventional ATP and the European Railway Traffic Management System (ERTMS) at different 

ETCS application levels. Here, the increase in rail line capacity is only demonstrated in ETCS application-level 

L3. For the other application levels, a minimal difference compared to existing systems is observed and a slight 

degradation of line capacity is allowed depending on the setting of the braking curves [3]. Another study deals 

with the capacity assessment of the line Zagreb - Rijeka M202 (Croatia), which is part of the TEN-T network. 

In the study, the traffic organisation was changed to increase the capacity for freight traffic. Simulations in 

OpenTrack software showed that the reconstruction of the line and the change of traffic organisation would 
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increase the available capacity of the line for freight traffic by approximately 23 %. However, the study does 

not directly investigate the effect of ETCS, but also the overall reconstruction of the line, which distorts the 

result [4]. 

The next study [5,6] focuses on the reconstruction of the line R 201 Zaprešić - Zabok (Croatia). The expected 

timetable was simulated using OpenTrack software. The study also included an investigation of a suitable train 

protection system. However, the simulation of the individual scenarios did not demonstrate the benefits of 

implementing ETCS over a national train protection system. The study assessed the benefits of line 

reconstruction in terms of increasing the attractiveness of the line and increasing its capacity. However, as in 

the previous study [4], the direct effect of ETCS on the increase in line capacity was not demonstrated by 

simulation. 

Nicola Coviello's PhD thesis [7] deals directly with the impact of ETCS and train heterogeneity on the practical 

throughput of single-track lines. The results of the theoretical part of this thesis are then verified on a case 

study of the Trans-Mongolian Railway. The author establishes an interesting research methodology by first 

dividing the line into sub-sections, including functional systems such as stations and open-line sections. These 

sub-sections are then submitted to a practical throughput calculation, using analytical methods. The theoretical 

results obtained are then submitted to simulation in the RailSys software, for which approximately twenty 

operational scenarios are built. Each of these scenarios is then submitted, using the multiple simulation 

technique, to the order of hundreds of replications with randomly varying input delays of trains entering the 

system. The author found that the practical throughput is mainly affected by the heterogeneity of trains and 

the number of trains running in a bundle. The impact of ETCS on the capacity of single-track lines was 

assessed to be quite negligible. 

3. SIMULATION MODEL PREPARATION 

For the simulation, the software OpenTrack was used, which is used for the simulation of various types of 

railway systems. This tool is mainly used for verifying the capacity possibilities of the railway infrastructure or 

other railway infrastructure, verifying the stability of the proposed timetables, and testing the train's energy 

consumption. The input data for the creation of the simulation model are infrastructure, vehicles, and timetable 

data [8]. 

The construction of the simulation model itself is then carried out in three phases. In the first phase, 

infrastructure data is fed into the model. The infrastructure (traffic network) is represented by a network graph 

(nodes and edges). The parameters of individual routes and paths are then entered into the simulation model. 

In the next step, data on the rolling stock are entered. This includes the name of the traction vehicle, weight, 

adhesion weight, length, maximum speed, traction power system, traction power, driving and vehicle drag 

coefficients and the type of train protection used. Subsequently, the train types are inserted using the train 

editor [8]. To simulate the considered operational concepts, it is also necessary to create a timetable. In this 

step, the specific train is assigned a number, category, track occupancy method, time position and the 

corresponding itineraries with their preferential order [9,10,11]. 

For this research project, it was necessary to build the model in such a way that occurs the use of various 

types of tracks and train protection. The details and implementation of the different levels of signalling are 

described in the following chapter. 

4. INFRASTRUCTURE 

For this research, a fictitious line with a total length of 18.35 km with three intermediate stations and three 

stops was designed. The track model is designed to form an infinite loop. This created three open-line sections, 

each containing one stop. The line is double-tracked throughout its length. To eliminate additional unwanted 

input variables, the track has no slope throughout its length and does not contain any curves. The stations are 
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designed as four tracks. To get as large a variability of outputs as possible, a variant header length is designed 

at each station. The header lengths range from 300 to 800 metres. The header length affects the size of the 

block sections and, in conventional operation, the length of the slow speed zone. Switch points and crossovers 

are used on each header with a variable speed range in the branch line direction from 40 to 80 km∙h-1. The 

stops are placed according to the position of the block signals in the most appropriate place. Then we can 

observe its influence on the throughput of the block section. 

4.1. Conventional (Czech) train protection system (LS) 

The used station signalling equipment is an electronic interlocking system, partial technological times are taken 

from the ESA 44 interlocking system, which is one of the most newly installed interlocking systems on the 

network of the Infrastructure Manager (Správa železnic, s.o.) The line sections are equipped with a two-way 

electronic three-character automatic block with five or six sections of 1,000 m in length. The length of the line 

sections adjacent to the stations is of course dependent on the length of the station head and header and 

therefore the distance between the departure and block signals. A model of a line equipped for conventional 

operation is shown in Figure 1. 

4.2. Operation under the ETCS L2 

The used station interlocking plant remains the same, i.e., the electronic interlocking system. In the stations 

are the signals with the speed signalling system. The modification consists of the fact that the point defining 

the beginning of the speed restriction given by the main signal is no longer the position of this signal but the 

position of the limiting infrastructure element (switch). Typically, this is the first diverging turnout with the speed 

restriction. The individual block sections are no longer divided by block signals. The open line section is divided 

by fictitious signals of ETCS L2. Those blocks are 400 to 430 metres long and the model of the line equipped 

by ETCS L2 is shown in Figure 2. 

 
Figure 1 Conventional model of the infrastructure 

 

Figure 2 Model of the line equipped by ETCS L2 

Another input which was necessary to enter was the parameters of the rolling stock. Five types of trainsets 

were selected, which represent trains that are common in the Czech Republic. Their most important 

parameters are shown in Table 1. 

Table 1 Parameters of used trainsets 

Train category Engine Vmax Length [m] Weight [t] 

Express freight train (Nex) TRAXX F 140 MS 120 km∙h-1 600 1,000 

Through freight train (Pn) ČD Cargo 363.5 80 km∙h-1 600 1,800 

Passenger train (Os) 471 140 km∙h-1 80 155 

Fast train (R) 661 160 km∙h-1 132 170 

Intercity (Ex) 680 200 km∙h-1 185 385 
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5. METHODOLOGY OF HOW TO COMPARE THE CONVENTIONAL MODEL AND ETCS L2 

To compare the output parameters of the model, it was necessary to define which of these characteristics 

would be monitored and compared with each other. The authors decided to monitor the difference in the 

achieved headway time. The value of the headway time is determined according to Formula 1 as the maximum 

of the three headway sub-values (the headway for the next operating post, the headway for the rear operating 

point and the headway for the section). The sub-value for the line is then again determined as the maximum 

of the values for each block section. The value of the headway time is very important for the calculation of the 

line capacity, and throughput and for the construction of a stable timetable.  

S � max(S` , SR , Sa)              [1] 

where: 

M= final headway (min) 

MZ = sub-headway for the rear operating point (min) 

MP = sub-headway for the next operating post (min) 

MT = sub-headway for the section (min) 

A tool in OpenTrack software called the Headway calculator was used to determine the value of the final 

headway time (Figure 3). This tool allows for determining the headway for any pair of trains. Using the multiple 

simulation methods, different values of the consecutive headway are tested, and the resulting value is 

determined using the half-interval method. The important condition is that the path of the first train must not 

influence the path of the second train. In certain cases, it may conditionally influence it, which is not desirable 

in this model [12,13,14,15]. 

 

Figure 3 Headway calculator in OpenTrack 
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For correctly determined headway time, it was necessary to exclude those pairs of trains that cannot occur in 

normal operating situations. For these reasons, rules were defined to determine the behaviour of the defined 

pairs of trains. The defined train sequence is based on the infrastructure manager regulation SŽDC D1 [16]. 

Defined behaviour for individual train types is as follows in the bullets. 

 Ride in the next operation post 

o The pair of trains are formed by the trains of the same category. In that case, the first train is 

running at the track speed and the second is running to the passing track (reduced speed). 

o The pair of trains are formed by the first train of a higher category and the second train of a lower 

category. In that case, the first train is running at the track speed and the second is running to the 

passing track (reduced speed). 

o The pair of trains are formed by the first train of the lower category and the second train of the 

higher category. In that case, the first train is running to the passing track (reduced speed) and it 

is passed by the second train which is running at the track speed. 

o The pair of trains are formed by the first train (passenger) and the second is the goods train. In 

that case, the first train is running at the track speed and the second one is passing at a reduced 

speed over the passing track. 

 Ride in the rear operating point - the first train departing always from the main track and the second one 
from the passing track (standstill) regardless of the train category. 

Furthermore, a uniform stopping and time of train stop policy have been set for passenger trains. All trains of 

category R and Os stop at stations A, B and C. Their time of a train stop is 60 seconds. Only trains of category 

Os stop at stops with a time of a train stop of 30 seconds. 

6. SIMULATION OF THE HEADWAY AND EVALUATION OF THE RESULTS 

Model validation was performed on the prepared infrastructure model. The results of the test simulation were 

compared with the analytical calculation according to infrastructure manager regulation SŽDC SM 124 [12] 

and SŽDC 104 [17] with a deviation of only 1.33 % [18]. Subsequently, the main simulation was carried out to 

determine the values of the headway time for each pair of trains. Each of the train pairs was simulated 

separately, on all open line sections in two variants (arrival to the front operation post and departure from the 

rear operating point). First, conventional operation in LS mode was simulated, followed by operation in ETCS 

L2 mode. The resulting values of the arrival headways were compared with the values of the departing 

headways, and the maximum of these values was selected to determine the resulting headway. Table 2 shows 

the resulting values in seconds corresponding to the maximum of each pair of elements for the open line 

section between Station A and Station B in the direct direction. The columns marked AB contain the values for 

the conventional operation, the columns marked ETCS contain the values for ETCS L2 operation. 

Table 2 Results of the headway calculator after maximization for the section A - B 

Section A - B 

  First train 

S
ec

on
d 

tr
ai

n 

  

Nex Pn Os R Ex 

AB ETCS AB ETCS AB ETCS AB ETCS AB ETCS 

Nex 83 68 229 209 151 134 89 74 43 33 

Pn 57 56 98 82 80 61 65 65 28 28 

Os 70 56 156 128 138 133 65 65 28 28 

R 164 137 246 226 196 148 73 69 28 28 

Ex 226 199 308 288 258 210 182 151 62 53 
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The calculated values were further compared with each other. The graph in Figure 4 shows the average values 

of the headway for individual open-line sections. The graph shows that the deployment of ETCS L2 improved 

the values of the headway in all open-line sections. The key benefit of ETCS L2 operation can also be derived 

from the simulation process and its results. The biggest observed benefit is the change in the position of the 

speed restriction reference point, where the value of the interval of gradual arrivals (arrival interval) is reduced. 

 

Figure 4 Comparison of the average headway for each open line section 

Table 3 further provides a percentage comparison of the values for the simulated open-line sections. An 

important conclusion is that the average improvement in the value of the headway is 19.1 %. This value 

confirms the benefits of ETCS L2 with benefits. 

Table 3 Comparison of the values for the headway 

Section [s] [%] 

A-B -15.76 11.39 

B-A -20.96 25.44 

B-C -22.24 21.86 

C-B -26.00 22.97 

C-A -20.52 15.82 

A-C -13.96 11.19 

7. CONCLUSION 

The research conducted by the authors for this article is loosely related to their previous research in ATC 

system simulation. The results obtained show that they confirm the benefits reported in the literature review 

by applying the ETCS L2 with benefits. The increase of the line capacity by reducing the headway is evident. 
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The results obtained are of course valid for the proposed model of the research infrastructure and are not of 

general validity. It always depends on the configuration of the infrastructure and the chosen parameters. The 

authors aimed to demonstrate the level of effectiveness of ETCS L2 with benefits on a general line equipped 

with an autoblock. The simulation results show an improvement of 19.1 % in the resulting value of the headway.  
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Abstract  

Logistics is being used primarily on supply and retail chains, but also it is an essential tool in solving crisis 

situations. Applied logistics refers to a set of applied principles and methods of logistics to solve problems  

in the physical distribution and flow of goods and services in various areas of society. Crisis logistics includes 

most of the circulation processes of logistics itself, such as procurement, warehousing, supply, or distribution 

logistics. The aim is to point out logistics principles in solving crisis situations. The work states planning  

and preventive actions in front of and during crisis situations and refers to the importance and impact of logistics 

in such situations. The main output is a micro and macro model of logistics of the current crisis situation.  

Keywords: Logistics of crisis situations, logistics principles, planning, logistics models 

1. INTRODUCTION 

Extraordinary events such as natural calamities, disasters, accidents, or wars can significantly impact life, 

human and animal health, or damage property. Crisis situations can have catastrophic effects and can affect 

large areas. They require many qualified civil protection people and an integrated rescue system that carries 

out rescue work and has the resources needed in crisis situations. It is essential to create a specific system 

for logistical support of crisis management [1]. Logistics coordinates and rationalizes activities to increase 

profits or reduce costs. From the point of view of a crisis situation, this is not the case because,  

in these situations, the priority is to protect human life at all costs and help when necessary [2]. The main goal  

is to apply logistics principles in solving crisis situations and to present the process and planning of solving 

problems with procurement, storage, and distribution in logistics models in the context of the recent crisis 

situation in the Slovak Republic. 

2. METHODS 

2.1. Definition of crisis logistics 

Logistics management is an integral part of crisis management in many crisis situations. Management must 

be carried out at the various levels of government. It involves the preparation of action plans and strategies 

and the organization and monitoring of the implementation of the necessary tasks in assisting the affected 

population. From a logistics point of view, it is necessary to minimize the delivery time of supplies and health 

care to provide the persons concerned with the conditions for surviving the crisis situation. In addition  

to the proper use of available medical and material capacities, it is necessary to obtain and coordinate  

the necessary information flows [3]. Crisis logistics is a set of individual activities, including health service, 

delivery, displacement, accommodation, and protection. Material and financial flows usually support  

these activities. Operational management shapes, controls and monitors all processes in the logistics chain 
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that arise in a crisis situation [4,5]. Logistics decision-making in crisis situations is specific in that it is constantly 

under pressure. Outside crisis situations, the pressure of society's expectations ensures its survival in a crisis 

situation. In crisis situations, there is pressure from the risk of loss of life or health hazards [3]. Crisis 

management and humanitarian aid occur in dynamic and very limited environments, where there is more 

misinformation than truth. Managing a humanitarian logistics operation is more complex due to risks  

and uncertainties. For example, if part of the transport (road, rail, etc.) is affected, this negatively affects 

humanitarian operations [6]. Crisis management must perform different tasks at different stages of crisis 

situations. Crisis management tasks are divided into three basic periods: the preparation period,  

the implementation period, and the post-completion period. The preparation period is the most crucial period 

for crisis management. During this period, preventive measures are being prepared that directly affect the level 

of crisis management. This period includes the analysis and evaluation of risks and threats, the design  

of preventive measures to reduce or eliminate them and the development of the national defence system.  

The implementation period is important for saving human lives and material and spiritual values.  

Based on how quickly this period can respond to information about the occurrence of a crisis situation, its 

criterion of effectiveness is determined. It then uses analysis to determine what means and technical 

equipment it needs to intervene in any environment and time. The tasks of this period are to put all rescue  

and other means and forces into operation, provide care and information to the population, carry out activities 

directly related to rescue, localization and liquidation work, and prevent the spread of panic. In the third period, 

the resumption of the system's activities is concerned after the rescue work is completed, and the readiness 

of the rescue systems for re-use must also be restored [7-9]. 

2.2. Definition of humanitarian logistics 

Humanitarian logistics is a branch of logistics that focuses on organizing the supply and storage of supplies  

in the event of any disasters or complex crisis situations for the affected area and people. It also covers 

resource optimization, inventory management, and information exchange. It is the process of planning, 

implementing, and controlling the efficient and cost-effective flow and storage of material and goods  

and related information from the place of origin to the place of consumption to alleviate the suffering of those 

affected by a crisis situation. Aid resources are obtained from local markets as much as possible. The role  

of humanitarian logistics is to map the market to determine what can be obtained within the region  

or the surrounding states. The aim is to eliminate the number of shipments from remote corners of the world 

as much as possible. The ultimate goal of humanitarian logistics is to minimize distribution time and cost  

and response maximization [10,11]. Their differences can be specified based on the above knowledge of crisis 

logistics and humanitarian logistics. Crisis logistics, therefore, consists of the crisis situation itself, the crisis 

management authorities and the crisis management itself. Planning and tasks are divided into three periods: 

the pre-crisis prevention period, the implementation period during the crisis situation and the post-crisis 

correction period. Crisis logistics includes risk analysis, preventive measures, management, and coordination 

of rescue services during a crisis situation and provides measures to remedy the system after a crisis situation. 

In the meantime, humanitarian logistics ensures the procurement, distribution, and storage of the necessary 

materials such as food, water, accommodation, medical equipment, and support with sufficient staff. They try 

to solve their tasks at the lowest possible cost and the shortest possible time [2]. 

2.3. Application of logistic principles in crisis management 

Logistics is a multidisciplinary science that combines knowledge and principles of systems theory, control, 

decision making, optimization, simulation, modelling, economics, technology, engineering, and informatics. 

These postulates of logistics can be identified from the definition of logistics [12]: 

1) system approach, 

2) coordination, 

3) planning, 
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4) algorithmic thinking, 

5) global optimization. 

“Logistics sees the object and the relationships within as a system” [12]. The logistics of crisis situations  

also systematically perceive its elements and links. It applies systematic decision-making to prevent the causes 

of a crisis situation and eliminate the effects of a crisis situation. “Coordination synchronizes the local goals  

of the system elements with the global goal” [12]. This principle is one of the two main ones for crisis logistics.  

It is used mainly in the implementation phase when precise and rapid coordination of rescue, protection  

and supply components is needed. The more errors that occur in coordination, the greater the likelihood  

of chaos and failure to meet goals. “Logistics flow goals are set in advance for a certain period, so they must 

be planned and predicted” [12]. Planning is the second fundamental principle in dealing with crisis situations.  

This principle applies mainly to the preventive phase. The more rigorously the preparation of possible 

procedures and measures is carried out, the more reliable the system will operate and deal with the undesirable 

situation. “Algorithmic thinking helps to follow a set plan precisely. It covers all possible situations, so no option 

should be left untreated” [12]. This principle is closely linked to the preparation of plans and the operational 

management of crisis logistics elements. If crisis management considers all options, the risk of mishandling 

and unnecessary delays in resolution is reduced. “The global goal is given by many criteria, which leads 

logistics to multi-criteria optimization” [12]. This logistics principle is generally not applicable in the case  

of crisis logistics. Crisis logistics still has the same goal - to eliminate the effects of health, life and possibly 

property-threatening situations.  

3. RESULTS 

This section aims to adapt the logistics of crisis situations to the real crisis situation. It focuses on the crisis 

situation on the Slovak-Ukrainian border: the influx of refugees from the war in Ukraine. At the same time,  

the post-pandemic COVID 19 pandemic is still occurring during the border crisis's implementation phase [2]. 

3.1. Macro model of crisis logistics 

The macro logistics model consists of activities of strategic importance from the point of view of logistics that 

affect the course and structure of processes of the micro logistics model. It represents one-off activities  

with a long-term effect [12]. Figure 1 illustrates the macro model of crisis logistics by adapting to a crisis 

situation. 

 

Figure 1 Macro model of logistics of the crisis situation [2] 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

231 

The choice of aid strategy means the form in which assistance will be provided to refugees. In our case, 

decentralized management was used, where the managed system was divided into several subsystems,  

which are managed separately. The individual subsystems are therefore managed mainly based  

on information from their subsystem, which includes, for example, the command centre, deputy, and assistant 

for logistics and communications [2].   

Crisis centre allocation - refugees can apply for refuge in the following cities: Humenné, Michalovce, Nitra  

and Bratislava. The Aliens Police Department handles the registration of temporary refuge. Detention camps 

for refugees are being closed, and the entire infrastructure will be relocated to Michalovce and Humenné, 

where large-scale vaccination centres have operated so far. [2].  

Organization of refugees' residence - after the entry of a refugee into the territory of the Slovak Republic,  

a so-called "Funnel" is created, which in practice means that the refugees are asked whether he wants to stay 

in the Slovak Republic. If he wants to, he must present the documents; he must obtain the documents if he 

does not have them. If he has the documents, the refugee will apply for the status of a resident. If he does not 

stay in the Slovak Republic, he will be provided with basic information about the crossing of our territory [2].   

Strategy against the spread of COVID 19 - refugees can be tested upon arrival in the territory of the Slovak 

Republic, and it is not mandatory. In case of a positive result, it is recommended to set aside several 

accommodation units for these persons to avoid contact with people without the disease [2].  

Integration planning concerns a refugee if he/she remains in the territory of the Slovak Republic. The purpose 

of the planning is to prepare the conditions and define the rules of employment, business, urgent and possibly 

other health care. Upon request, the refugee's child can attend school. The Slovak Railway Company  

has introduced free transport for Ukrainian citizens with an identity card [2].  

3.2. Micro model of crisis logistics 

The micro logistics model is a 

functional model of the 

company's internal flows. The 

basic cross model represents 

the horizontal flow of material 

and the vertical flow of 

information and decision 

making [12]. Figure 2 shows 

the material and information 

flows of a functional cross-

model of the humanitarian aid 

system to refugees [2]. 

 

 

 

Figure 2 The basic cross micro 

model of the current crisis 

situation [2] 

The command centre oversees strategic and capacity planning. The deputy and the supervisor must have 

accurate information on the number of technical means, people crossing the border, and the number of rescue 
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and law enforcement. Based on this, the command centre issues enlistment and mobility orders. Information 

service is also significant, where all people can find out everything about the current situation at the border  

or about the possibilities of voluntary help. The information flow passes from capacity planning to identifying 

and covering needs and then travels back to the operations centre. Coordinators must keep track of the stocks 

that are in the warehouse. If something is missing, it must be procured and then sent to the warehouse. Material 

from the warehouse goes directly to the border or where it is needed. Coordinators and dispatchers issue 

these orders from the command centre where the material should go. If there is an excess of a particular 

material at the border, it must be sent back to the warehouse to make room in the area in question [2]. 

4. CONCLUSION 

The planning process plays a crucial role in creating, implementing, and applying logistics principles, 

regardless of the situation. The result is an operational plan that allows for the timely fulfilment of the tasks  

of the contingency plan and the use of control mechanisms to speed up activities and verify the accuracy  

of information with immediate implementation of changes in the situation. It is an extensive and costly complex 

of tasks and measures [13]. After applying the principles of logistics to the solution of the crisis situation  

in question, Figure 3 shows the planning process of this crisis situation. 

 

Figure 3 The current crisis planning process [2] 

The first phase began on February 25, 2022. When the crisis staff meets in their emergency department,  

where a supervisor heads the crisis staff, there is also a deputy and assistant for logistics and communications. 

The Ukrainian side has provided the crisis staff with information on the number of people already on the move 
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so that the situation at the border can adapt. Everything went to the second phase, where the crisis staff 

analysed how many members were currently available to ensure that the unit's ability to act was not weakened. 

The corps' activities are also non-humanitarian in terms of the law. Hence, it was necessary to call a rescue 

unit from the Czech Republic. At the same time, the volunteer fire brigades of the Slovak Republic were put 

on standby and in action. In Phase 3, February 26, 2022, everything started moving in the morning,  

but the first three days were chaotic because there was no advisory body. Everything took place in Michalovce 

and Sobrance without an information link. One of the main logistics functions failed. After two days,  

this problem was solved by calling all staff vehicles, which serve as material and technical equipment. Three 

staff vehicles were connected to a computer and GPS network. Vehicle dispatchers controlled the transmission 

of information to facilitate activities at regional command centres. From the beginning, the planning period was 

one day. After the situation stabilized, the planning period was extended to one week, later one month.  

In the fourth phase, a comprehensive plan is created, and in the fifth phase, the supervisor prepares  

and distributes instructions and tasks to all concerned persons in the system. 
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Abstract 

One of the most popular algorithms for solving the permutation flow shop scheduling problem (PFSP) for the 

makespan minimization criterion is the NEH algorithm. Many research papers have been devoted to the NEH 

algorithm and its improvements. One of the most interesting improvements is the N-list technique, which can 

be implemented to other algorithms based on the NEH algorithm. This paper is devoted to analyzing the effect 

of the reversibility property on the results obtained by the selected algorithms. The analyses were performed 

on three example algorithms for which the N-list technique was implemented and which used the reversibility 

property. The analyses were performed using the two most popular benchmarks for the PFSP problem: the 

Taillard’s benchmark and the VRF benchmark. The results clearly indicate that the use of the reversibility 

property can significantly improve the results obtained by the algorithm. 

Keywords: PFSP, N-list technique, N-NEH+ algorithm, scheduling 

1. INTRODUCTION 

The permutation flow shop scheduling problem (PFSP) is one of the cases of flow shop scheduling problem 

(FSP). The PFSP can be defined as a problem of finding the sequence of production, that minimizes the 

selected goal function (e.g. makespan, tardiness [1]). In the PFSP problem, production of each from n jobs is 

realized on m machines, always on the same order. In this paper, the makespan was chosen as the 

optimization criterion. The makespan (Cmax) is defined as the time of finish production of the last job on the last 

machine. The permutation flow shop problem with makespan as a minimization criterion is denoted as 

Fm|prmu|Cmax [1].  

The PFSP problem is NP-hard for the number of machines greater than 2 [2], and therefore to solve the 

problem heuristics and metaheuristics algorithms are used. One of the most popular constructive heuristic 

algorithm for solving the PFSP problem is NEH algorithm [3]. The NEH algorithm can be described in the 

following three steps: 

1) Sort in non-increasing order the list of jobs according to their total processing time.  

2) Add the first job from the list to a partial sequence and deletes the job from the list. 

3) Until the list is not empty, add the first job from the list to a partial sequence to get makespan as short 

as possible, and then delete the scheduled job from the list. 

Since its publication, the NEH algorithm has become the focus of much research. Many modifications of the 

NEH algorithm retained the constructive and deterministic nature. The most important improvements of the 

NEH can be divided into two classes: 

1) Changing the sorting criteria in the initial order (first step of the NEH algorithm). 
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2) Implementing the tie-breaking mechanism for a partial sequence with the same makespan (third step of 

the NEH algorithm). 

Of course, some algorithms implement both of the modifications (e.g. [4]). Both classes of improvements are 

derived from the ambiguity of the construction of the NEH algorithm e.g. in the case of equal the total 

processing time of jobs (the importance of this aspect has been analyzed in the paper [5]). Another 

improvement to the NEH algorithm is to use the reversibility property of the PFSP problem [6]. According to 

the reversibility property, the solution obtained using the modified duration time of each job (see Equation 1) 

is the inverse of the solution of the base problem. Importantly, the solutions (base and inverse permutations) 

have the same Cmax value. 

b�,�6 � b),�c+,�     d � 1, … , 3    1 � 1, … , f            (1) 

where b�,� is the duration time i-th job on the j-th machine, b�,�6  - duration time for the inverse solution. 

Another valuable approach is presented in the paper [7]. The authors proposed a new technique selection of 

candidate jobs called the N-list technique. The N-list contains the list of candidate jobs that can be scheduled 

in the third step of the NEH algorithm, taking into account the optimization criterion (Cmax in this case). The job 

with a minimum makespan value is added to the partial sequence and removed from the N-list. If possible (not 

all jobs have been scheduled or are in the N-list), the N-list is completed with the next job from the sorted list 

of all jobs. 

In this paper, the authors analyze the impact of using the reversibility property in the algorithm implementing 

the N-list technique. To make the analysis more reliable, have been chosen algorithms that represent the most 

important improvements of NEH algorithm. The authors analyze three algorithms: N-NEH, N-NEHSKK 

(implementing own sorting criteria), and N-NEHKK (with the tie-breaking mechanism). 

2. ALGORITHMS IMPLEMENTS N-LIST  

The N-NEH algorithm is the NEH algorithm that implements N-list. The N-list may have various lengths and 

therefore it is necessary to specify which length has been used in the given case. For example, the notation 

N-NEH(4) denotes the N-list with a length of four. The plus sign after the algorithm name (e.g. N-NEH+(4)) 

denotes, that the result of the algorithm was obtained using the N-list of length (1, ..., N) and selecting the 

result with the minimum makespan value. 

The next selected algorithm is the NEHSKE algorithm based on the proposition Liu et al. [4]. The algorithm 

uses a more advanced (than the NEH algorithm) sorting jobs strategy in the initial phase - all jobs are sorted 

by the non-increasing sum: 

;�<� + ��=� + >?@(�A��)             (2) 

where AVGi denotes the average processing times of i-th job, STDi - the standard deviation of i-th job, 

abs(SKEi) - value of the skewness of i-th job. 

An example of an algorithm that implements a tie-breaking mechanism is the NEHKK algorithm [8]. The tie-

breaking mechanism is only used when the minimum value of makespan has been achieved for more than 

one sequence. Kalczynski and Kamburowski [8] propose that when the makespan is equal for several 

sequences, the sequence with minimum makespan for the subsequence needs to be selected.  

The reversibility property has been implemented in all presented algorithms (N-NEH, N-NEHSKE, N-NEHKK). 

In the results, the letter „r” was added to the algorithm names in which the reversibility property was used (e.g. 

rNEH). In the „r” algorithms both the base and the inverse permutations were calculated, and the permutation 

with a lower makespan value was retained. 

The comparison of the performance of algorithms is described in the next section. 
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3. COMPUTATIONAL EXPERIMENTS 

Two benchmarks were selected to compare the effectiveness of the algorithms: Taillard’s benchmark (with 

120 instances) [9], and VRF benchmark (with 480 instances divided into two sets: Small and Large) [10]. The 

algorithms were implemented in C#. Computations were performed on a computer with Intel i5-8265U CPU (4 

cores, each with 1.6 GHz base clock speed). To reduce the time complexity, Taillard’s acceleration [11] was 

implemented. The measure of solution quality for a given instance (ic) is the relative percentage deviation 

(RPD) calculated as: 

PQ=ghi,� � jklm,En,jopqr,En
jopqr,En              (3) 

where alg indicates the algorithm used, Malg,ic is the makespan value of the algorithm alg for instance ic and 

Mbest,ic is the best known value of makespan for instance ic. 

For the benchmarks that contain multiple instances, the average relative percentage deviation (ARPD) 

measure is used: 

;PQ=ghi � +
� ∑ PQ=ghi,�W��W*+              (4) 

where I is the number of instances in the benchmark. 

The second type of measure that can be used for the quality of the solution is the average CPU time (ACPU) 

computed as follows: 

;sQtghi � +
� ∑ sQtghi,�W��W*+              (5) 

where CPUalg,ic is the CPU time of algorithm alg on instance ic. 

The results achieved by the analyzed algorithms for the measures ARPD and ACPU are presented in Tables 1 
and 2. The results are divided in terms of the benchmark for which they were achieved, as well as the length 

of the N-list. Five N-list lengths were analyzed: 1, 2, 4, 8, 16. 

Table 1 ARPD[%] for benchmarks: Taillard’s, VRF Small and VRF Large 

Benchmark N N-Neh N-rNeh N-NEHSKE N-rNEHSKE N-NEHKK N-rNEHKK 

Taillard‘s 

1 3.33 3.03 3.37 2.99 3.08 2.97 

2 2.95 2.67 2.94 2.63 2.71 2.61 

4 2.55 2.39 2.57 2.34 2.49 2.40 

8 2.32 2.17 2.34 2.11 2.23 2.15 

16 2.20 2.06 2.18 2.00 2.09 2.04 

VRF Small 

1 3.84 3.46 3.84 3.42 3.67 3.58 

2 3.32 2.99 3.36 3.00 3.16 3.09 

4 2.95 2.68 2.89 2.61 2.82 2.75 

8 2.64 2.43 2.62 2.37 2.57 2.52 

16 2.47 2.28 2.45 2.20 2.40 2.35 

VRF Large 

1 3.33 3.18 3.36 3.18 3.22 3.10 

2 3.00 2.88 3.01 2.85 2.92 2.80 

4 2.67 2.57 2.63 2.54 2.59 2.52 

8 2.39 2.28 2.38 2.30 2.32 2.25 

16 2.14 2.05 2.12 2.06 2.10 2.04 
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Based on the results presented in Table 1, there is a clear difference between algorithms that use reversibility 

property and those that do not. Figure 1 shows the percentage improvement ratio of algorithms implementing 

reversibility property to those not using this method. 

 

Figure 1 The percentage improved ARPD value by use of reversibility property 

As can be seen in Figure 1, using the reversibility property method allows for a significant improvement in the 

score. The amount of improvement depends on: 

 the algorithm: much larger improvements can be observed for the N-rNEH AND N-rNEHSKE algorithms 

than for the N-rNEHKK algorithm,  

 the benchmark used to analyze the algorithms: the least improvement can be observed for the VRF 

Large benchmark, 

 length of the N-list: it should be noted, however, that in this case, it is not possible to indicate a clear 

trend of change. 

The small improvement values for the N-rNEHKK algorithm are noteworthy. In part, this may be due to the low 

ARPD value for the N-NEHKK algorithm, making it relatively more difficult to improve the result. Certainly, the 

fact that this algorithm uses a tie-breaking mechanism, which is a kind of local optimization, is also important. 

The ACPU (Table 2) values show that using the reversibility property is associated with virtually doubling the 

execution time of the algorithm. At the same time, doubling the length of the N-list more than doubles the time 

- the longer the N-list, the higher the multiplicity of time increase for doubling the N-list. Undoubtedly, an 

important aspect in the analysis of computation time is the available time, i.e., in the absence of a time 

constraint, it is more advantageous to use the reversibility property method. 

The results presented in Tables 1 and 2 are compared with the results of selected deterministic heuristic 

algorithms for the Taillard’s benchmark (Table 3) [12]. Algorithms using the N-list method produce some of the 

best results in this set. The only algorithms that obtain better results are the FRB algorithms. [13]. However, 

they are not constructive algorithms. 
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Table 2 ACPU[ms] for benchmarks: Taillard’s, VRF Small and VRF Large 

Benchmark N N-Neh N-rNeh N-NEHSKE N-rNEHSKE N-NEHKK N-rNEHKK 

Taillard‘s 

1 21.9 44.2 22.3 44.4 36.5 70.7 

2 52.9 106.7 53.6 106.7 105 206.4 

4 141.4 285.7 143.3 285.2 280.6 555 

8 424.9 856.3 430.2 854.7 769.6 1644.1 

16 1409.2 2833.1 1424.7 2831.4 2162.4 4450.5 

VRF Small 

1 0.8 1.6 0.8 1.6 1 1.9 

2 1.9 4 1.9 3.9 2.4 4.9 

4 5.2 10.6 5.3 10.5 7 13.8 

8 15.3 30.8 15.4 30.7 19.7 39 

16 46.4 93.8 46.4 92.8 56.9 112.7 

VRF Large 

1 1158.6 2159.5 1172.6 2200.1 1588.4 3020.4 

2 2646.5 5080.7 2646.5 5158.2 3694.1 7327.6 

4 6644.6 13132.6 7002.7 13412.2 10170.2 19825.3 

8 19180.7 38303.6 19906.3 38906.2 27481.9 54351.6 

16 63569.3 128062.5 63251.5 125118.8 86096.1 167857.9 

Table 3 ARPD and ACPU values of different heuristics for Taillard’s benchmark 

Algorithm ARPD ACPU Algorithm ARPD ACPU Algorithm ARPD ACPU 

rRAER 3.53 159.7 rKKER 2.86 150 N-NEH+(16) 2.20 1409.2 

N-NEHSKE 3.37 22.3 rNEHR 2.85 157.8 N-NEHSKE+(16) 2.18 1424.7 

N-NEH 3.33 21.9 rNEHD 2.84 198.1 N-rNEH+(8) 2.17 856.3 

NEMR 3.16 123.8 N-NEHKK+(2) 2.71 105 N-rNEHKK+(8) 2.15 1644.1 

KKER 3.15 73 N-rNEH+(2) 2.67 106.7 FRB4_4 2.13 218.6 

rNEHKK1 3.15 44.6 N-rNEHSKE+(2) 2.63 106.7 N-rNEHSKE+(8) 2.11 854.7 

NEHKK2 3.09 22.6 N-rNEHKK+(2) 2.61 206.4 N-NEHKK+(16) 2.09 2162.4 

N-NEHKK 3.08 36.5 N-NEHSKE+(4) 2.57 143.3 N-rNEH+(16) 2.06 2833.1 

NEHR 3.05 76.7 N-NEH+(4) 2.55 141.4 N-rNEHKK+(16) 2.04 4450.5 

N-rNEH 3.03 44.2 N-NEHKK+(4) 2.49 280.6 N-rNEHSKE+(16) 2.00 2831.4 

CL_WTS 3.02 1038.1 N-rNEHKK+(4) 2.40 555 FRB4_8 1.95 368.4 

N-rNEHSKE 2.99 44.4 N-rNEH+(4) 2.39 285.7 FRB2 1.93 771.4 

N-rNEHKK 2.97 70.7 N-NEHSKE+(8) 2.34 430.2 FRB4_6 1.91 294.6 

rNEMR 2.97 222.6 N-rNEHSKE+(4) 2.34 285.2 FRB4_10 1.87 441 

N-NEH+(2) 2.95 52.9 FRB4_2 2.33 135.4 FRB4_12 1.79 507 

N-NEHSKE+(2) 2.94 53.6 N-NEH+(8) 2.32 424.9 FRB3 1.61 6105.9 

NEHFF 2.90 24.2 N-NEHKK+(8) 2.23 769.6 FRB5 1.48 17545.7 

4. CONCLUSION 

This paper has analyzed the possibility of using reversibility property in three sample algorithms implementing 

the N-list technique. On the basis of conducted analysis using the most popular benchmarks for PFSP problem, 
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it was shown that using reversibility property improves the results achieved by algorithms using N-list method. 

The use of the reversibility property results in nearly doubling the execution time of the algorithms. Therefore, 

as with most heuristics, there is a trade-off between the level of results (ARPD) and their computation time 

(ACPU). 

From the results obtained and analyses performed, the N-rNEHSKE algorithm seems to be the most promising 

algorithm, which for most benchmarks and different N-list lengths achieved the best or very close to the best 

results in terms of ARPD values. It should also be noted that over the second best performing algorithm, N-

rNEHKK shows a definite advantage in terms of significantly shorter ACPU time. 
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Abstract 

Mining industry is still the only supplier of mineral resources. Loading and transportation represents an 

integral part of the logistics system in each mining company. Shovel loaders are often used as part of the 

technological process in quarries. The trouble-free condition of loaders is one of the basic factors of their 

long-term performance. The aim of the paper is to evaluate the failure rate of loaders using Pareto analysis. 

Based on this method, the most common loader failures within a specified time are identified. The results of 

the analysis will be further examined and the basis for drawing conclusions. 

Keywords: Loader, failure, Pareto analyses 

1. INTRODUCTION 

Mining industry is still the only supplier of mineral resources. Loading and transportation represents an integral 

part of the logistics system in each mining company. Mining operations include drilling, blasting, loading, and 

transport. Loading is one of the most essential parts of the mining unit operation. Any failure in the loading 

system will result in shutdowns of all mining-related systems. Time of the interruption of the loading system 

due to a failure must be kept to a minimum and the system must return to its original state and operating 

condition as soon as possible.  

Different types of wheel loaders are used as loading machines in quarry operations [1]. Wheel loader 

maintenance is an important part of being an operator of such a machine. One of the best things you can do 

for effective maintenance of these equipment is to develop a schedule and routine. The pre- and post-operation 

inspections are an essential part of regular maintenance for any piece of loaders. Some key items of wheel 

loader to check for include for example: tire pressures and tire damage, any loose, worn, or damaged parts, 

oil or coolant leaks, engine oil and other vital fluid levels. Performing routine maintenance on wheel loader and 

excavators is critical to safety, productivity, and machine uptime [2].  

The aim of the paper is to analyze the failures of loaders and excavators in the selected quarry by applying 

Pareto analysis based on their number during the observed period. 

Pareto analysis is used to detect failures. It is a method that helps to prioritize the resolution of the company's 

main problems. This analysis shows that 80 % of the consequences are caused by only 20 % of the causes. 

If we want to eliminate 80 % of losses, we must focus our activities on predefined problems in the range of 

20 %.  

The Pareto diagram is a powerful tool for identifying the significant factors influencing objects, processes, 

services, etc. In the production sphere, it is very suitable for analysis of defects and their impact [3]. 

The Pareto analysis belongs to the analytical tools that are integrated in the concepts of maintenance 

management - RCM (Reliability Centred Maintenance) and TPM (Total Productive Maintenance). Pareto 
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histograms are commonly used to determine maintenance priorities by classifying equipment failures 

according to their number. [4] 

Pareto analysis is a method used in various areas of research, too: e.g. for the illustration of categorical 

possibilities of evaluating the effectiveness of engineering production processes [5,6], to analyse and assess 

the causes of accidents that involve construction [7], for identified the causes of various categories in 

Production Process of Hot Rolling Mill [8], for analyse the criticality assessment of the different battery 

technologies used in photovoltaic applications [9], in the area of economic analysis was used Pareto analysis 

[10],  and other. 

2. METODOLOGY 

Even with a small amount of data, the characteristics can be identified by applying the methods like the Pareto 

analysis [4] which belongs to the key decision-making tools used by maintenance manager. 

Two variants of Pareto analysis will be used in this paper: Simple Pareto analysis and Weighted Pareto 

analysis. Pareto analyses procedure use in this paper is in Table 1. 

Table1 Pareto analyses procedure 

Simple Pareto analysis Weighted Pareto Analysis 

1. The list of failures and their number, pi. 1. The list of failures and their number, pi. 

2. The data sorting in descending order according 
to the number of failures, the data is written to the 
table. 

2. The assignment of weights to individual failures 
based on a scale, wi 

3. Calculation of cumulative sums of values of 
failure numbers and their expression in percent. 

3.Parameter calculation ui = pi · wi 

4. Construction of the Pareto diagram and Lorenz 
curve. 

4. The data sorting in descending order according 
to the parameter of ui, the data is written to the 
table. 

5.Calculation of cumulative sums of parameter ui, 
their expression in percent. 

6. Construction of the Pareto diagram  

and Lorenz curve. 

Construction of the Pareto diagram, as follows: 

- we mark the failure categories on the x-axis,  

- the left vertical axis is a scale from 0 to the total number of failures / a scale from 0 to the total ui, 

- on the right vertical axis is the scale of relative cumulative sums from 0 – 100 %, 

- we construct a column graph, where each column represents one type of failure and the height of 

the corresponding column corresponds to the number of failure / to the parameter ui, 

- construction of the curve of accumulated numbers/parameter ui in percentage expression, the so-

called Lorenz curve. 

The Pareto diagrams and Lorenz curve will be constructed using Microsoft Office Excel software. 

3. RESULTS AND DISCUSION  

Pareto analysis was used to identify failures of loading equipment in a selected quarry operation. There are 

wheel loaders in operation for loading the raw material. 
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Every day at the beginning of the shift, it is necessary to perform operational maintenance on each machine 

according to the operation log. The following checks must be performed on wheel loaders: check the 

functionality of the lights, oil pan air cleaner check, headlight inspection, tire inspection, and check the oil level 

in the hydraulic system and in the engine, lubrication of all steering bearings, including the upper bearing of 

the frame joint. 

The identified deficiencies are recorded in the appropriate diary and the employees try to solve the fault 

immediately. If the failure cannot be resolved on a given day, the machine manager decides whether the 

vehicle is able to operate despite the failure that has occurred. It is necessary to make an entry in the operation 

log of the given machine. Before starting the machine, a visual inspection of the condition of the engine, 

hydraulics, and cooling system in terms of fluid leaks is also required. 

3.1. Simple Pareto analysis 

Data on failures were used to perform the analysis from the operation logs of the equipment. Table 2 shows 

the input values (detected failure (damaged parts) on the equipment and their number of failures), calculated 

cumulative numbers of failure and cumulative numbers of failures as a percentage for the wheel loader 1. 

Based on Table 2, a bar graph of the number of individual failure and the Lorenz curve is created, Figure 1. 

Table 2 Input and calculated data for wheel loader 1 

Failure Numbers 

pi 

Cumulative 
numbers 

Cumulative 
numbers in % 

A Damaged hydraulic hoses 12 12 22.22  

B Loss and damage of a tooth on a shovel 8 20 37.03  

C Service light functionality 7 27 50.00  

D Leaking fluid from the radiator 6 33 61.11  

E Damaged part of the shovel 5 38 70.37  

F Damaged windshield 4 42 77.78  

G Damaged wheel apron 3 45 83.33  

H Control unit failure 3 48 88.89  

I Gearbox failure 2 50 92.59  

J Brake system failure 2 52 96.29  

K Empty battery 1 53 98.15  

L Hydraulic distributor failure 1 54 100.00  

 
Figure 1 Pareto diagram: Wheel loader 1 
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The number of detected loader failures is 12 and the total number of failures on the Loader 1 is 54. The most 

common failures for wheel loader 1 were identified by a simple Pareto analysis: damage by hydraulic hoses 

and loss and damage to the teeth on the excavator. These damages are common during operation of this 

machine. In this case, 78 % of failures are caused by failures that occurred on 6 parts of the loader. 

Table 3 shows the input values (detected failure (damaged parts) on the equipment and their number of 

failures), calculated cumulative numbers of failure and cumulative numbers of failures as a percentage for the 

wheel loader 2. Based on Table 3, a bar graph of the number of individual failure and the Lorenz curve is 

created, Figure 2. 

The number of detected loader failures is 13 and the total number of failures on the wheel loader 2 is 59. The 

most common failures for wheel loader 2 were identified by a simple Pareto analysis again damage by 

hydraulic hoses and loss and damage to the teeth on the excavator. In this case, 75 % of failures are caused 

by failures that occurred on 6 parts of the loader. 

Table 3 Input and calculated data for wheel loader 2 

Failure Numbers 

pi 

Cumulative 
numbers 

Cumulative numbers in % 

A Damaged hydraulic hoses 11 11 18.64 

B Loss and damage of a tooth on a shovel 9 20 33.89 

C Battery damage and discharge 7 27 45.76 

D Gearbox failure 6 33 55.93 

E Leaking fluid from the radiator 6 39 66.10 

F Service light functionality 5 44 74.57 

G Damaged windshield 5 49 83.05 

H Hydraulic distributor failure 3 52 88.13 

I Damaged part of the shovel 2 54 91.52 

J Engine failure 2 56 94.91 

K Engine starter inoperative 1 57 96.61 

L Damaged wheel apron 1 58 98.30 

M Cooling system failure 1 59 100.00 

 

Figure 2 Pareto diagram: Wheel loader 2 
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3.2. Weighted Pareto Analysis 

As can be seen from Tables 2 and 3, several parts of the loader have failed during operation, some of which 

can be considered serious and some of which are common to the day-to-day operation of the loader. 

For this reason, a weighted Pareto analysis was also performed. In this analysis, individual failures are 

assigned a weight that expresses the importance of the failure. The weight for individual failure can be 

determined in various ways, like the weighting of the criteria in the multicriteria assessment. For this case, the 

determination of weights from the point scale is chosen: 1- failure weakly significant, 3 - failure minor, 5 - failure 

moderate, 7- failure significant and 10- failure highly significant. 

Table 4 shows the data for performing the weighted Pareto analysis for wheel loaders 1 and 2. Figures 3 
and 4 show the Pareto diagrams. 

Table 4 Input data, weights, and calculated values 

Wheel loader 1 Wheel loader 2 

Failure pi wi ui = pi · wi Cumulative percentage Failure pi wi ui = pi · wi Cumulative 
percentage 

A 12 5 60 22.47 D 11 5 55 18.23 

F 8 3 30 33.70 A 9 3 27 34.95 

D 7 3 30 44.94 C 7 7 49 49.84 

E 6 5 25 54.30 D 6 10 60 58.96 

B 5 5 24 63.29 B 6 5 30 67.17 

C 4 5 21 71.16 G 5 3 15 74.77 

I 3 3 20 78.65 H 5 5 25 81.15 

F 3 10 20 86.14 J 3 7 21 87.23 

L 2 10 14 91.38 F 2 5 10 91.79 

G 2 7 9 94.75 I 2 10 20 94.83 

L 1 7 7 97.37 K 1 7 7 96.96 

K 1 7 7 100 M 1 3 3 99.08      

L 1 7 7 100 

      

Figure 3 Pareto diagram: Wheel loader 1  Figure 4 Pareto diagram: Wheel loader 2 

4. CONCLUSION 

Pareto analysis is a suitable tool for obtaining important characteristics and control parameters of maintenance, 

as well as for supporting decision-making processes. Pareto analysis was used to assess failure that occurred 

at selected devices. Loader failures were evaluated based on a simple Pareto analysis and a weighted Pareto 
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analysis. However, as can be seen from Figures 1-4, the Pareto 80/20 rule was not confirmed in the 

assessment of failures. In addition to these two variants of Pareto analysis, it is possible to use the so-called 

multiple Pareto analysis. Pareto analysis in which another parameter enters the evaluation, e.g., the number 

of failures is multiplied by the length of downtime that resulted from the failure. For the evaluation of loading 

equipment, it is appropriate to use other analytical methods such as Failure Mode and Effect and Criticality 

Analysis (FMECA) and Weibull analysis These methods can highlight the criticality of some failures and the 

actions needed to improve the reliability loaders and a better mining productivity [11].  
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Abstract  

The Fourth Industrial Revolution means the universal digitization of all areas of the economy, including industry 

and logistics. New digital technologies enable real-time monitoring of production processes and obtain a high 

level of flexibility and productivity of cyber-physical systems (CPS). The idea of CPS means a set of intelligent 

devices, machines, and autonomous transport that communicate with each other using modern digital 

technologies capable of collecting, processing and exchanging vast amounts of data in real-time.  

Nowadays, each company should be perceived as an intelligent module to be used in the cyber-physical 

network for producing and delivering a product to the customer. Therefore, enterprises should raise the level 

of technologies used and focus on open communication in the network. Modern enterprises can offer more 

complex, innovative products and services tailored to customers' needs, combining their potential into a cyber-

physical network organization. The idea of such a cyber-physical production network means joint execution of 

production orders using digital communication technologies, the Industrial Internet of Things, Big Data and 

Cloud Computing technologies and fully automated production systems and processes of individual network 

partners.  

The article aims to identify the critical problems of planning cyber-physical production networks of SMEs and 

to present the concept of planning temporary networks of enterprises capable of implementing personalized 

products in the Industry 4.0 environment. The proposed approach considers production flow variants 

considering logistic constraints. One of the significant advantages of the proposed approach is creating 

dynamic, temporary alliances of small and medium-sized enterprises that can be simultaneously involved in 

many different projects (networks). 

Keywords: Cyber-physical production networks, SMEs, networks planning, production flow planning 

1. INTRODUCTION 

The fourth industrial revolution means the universal digitization of all areas of the economy, including modern 

industry. Nowadays, the widely understood automation of production processes and intelligent devices, 

machines and autonomous means of transport are used. The components of the current production systems 

communicate with each other using modern digital technologies capable of collecting, processing and 

exchanging vast amounts of data throughout the production process while reducing high labor costs. The idea 

of creating such cyber-physical systems was proposed by German experts and was called the Industry 4.0 

concept. New technologies identified with the Industry 4.0 concept, such as the Internet of Things (IoT), Big 

Data and Cloud Computing, Augmented Reality, etc., enable real-time monitoring of production processes and 

obtain a high level of flexibility and productivity of cyber-physical production systems (CPS) [1,2]. The newly 

designed cyber-physical production systems must meet several essential features concerning the Industry 4.0 

concept. These are, among others [3]:  



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

247 

 Interoperability is understood as the ability of systems and employees to communicate, exchange data 

and coordinate activities; 

 Process and system virtualization combined with real-time monitoring of physical processes; 

 Decentralization as a dispersion of resources to reduce risk and ensure flexibility and using know-how; 

 Data analytics, which is collecting and processing vast amounts of data in real-time; 

 Service orientation and modularity, resulting in a personalized approach to the customer, enabling high 

flexibility and resource productivity. 

Modern enterprises are beginning to understand the need for changes, especially in the features mentioned 

above, the implementation of contemporary Industry 4.0 technologies and the broadly understood digitization 

of processes. What is needed is an entirely new, more modern and innovative approach to production and 

business management that will radically increase flexibility, productivity and customer orientation. Today's 

customers expect products that closely match their personal preferences, tastes, needs and lifestyle. 

Moreover, they want to influence the configuration of manufactured products directly and, at the same time, 

require prices similar to those offered in serial and mass production [4,5]. This means they need better 

customer orientation, product customization, and a servitization strategy for industrial companies.  

Small and medium enterprises, which, unlike large enterprises with considerable development potential, 

require exceptional support during the implementation of the Industry 4.0 concept, are facing particular 

adaptation challenges. Therefore, there is a need for research leading to the development of new business 

models involving the involvement of the SME sector in the implementation of Industry 4.0 technology. The 

solution may be the networking of enterprises, growth of narrow specializations and servitization.  

The article aims to identify the critical problems of planning cyber-physical production networks of SMEs and 

to present the concept of planning temporary networks of enterprises capable of implementing personalized 

products in the Industry 4.0 environment. The article presents selected results of literature analysis, a survey 

conducted on a selected group of 50 Polish industrial enterprises representing the SME sector. The proposed 

approach considers variants of the production flow, taking into account logistic constraints. One of the 

significant advantages of the proposed method is the creation of dynamic, temporary alliances of small and 

medium-sized enterprises that can be simultaneously involved in many different projects (networks). 

2. CONDITIONS FOR THE DEVELOPMENT OF CYBER-PHYSICAL NETWORKS IN THE CONTEXT 
OF CUSTOMIZATION AND SERVITIZATION OF PRODUCTION. 

The digitization of processes, the combination of Industry 4.0 technology and intelligent facilities in modern 

production and logistics systems caused a change of paradigms in industrial production and better orientation 

to customer needs (servitization and customization). Cyber-physical production systems supported by modern 

intelligent logistics solutions allow offering customers highly personalized products at low prices. 

Personalization is a challenge for enterprises, both large smart factories and small and medium enterprises. 

This requires an entirely different production organization, the priority of which is to shorten the time of 

customer order fulfilment and low cost, which will be similar to serial production. Therefore, high flexibility and 

productivity of logistics and production systems are required. The solution is the servitization which in the case 

of industrial production processes means the reorientation of enterprises consisting in expanding their offer 

with services of resources of manufacturing systems (Product-Service Systems). By using the potential of 

Industry 4.0 technology, servitization becomes an opportunity to build a competitive advantage in the industrial 

production sector, especially for small and medium enterprises [6]. 

The modernization of the industry through the servitization of production allows the company to move up the 

value chain [7] and develop narrow specializations and establish permanent or temporary network 
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relationships. Changes in the production organization strategy, the use of new and intelligent technologies, 

often replacing hired employees, provide the opportunity to develop production system services and offer 

customers highly personalized products.  

Nowadays, a significant competitive advantage of enterprises is the ability to meet individual customer 

requirements (product personalization) through a high level of product customization. According to Kaplan and 

Haenlein, mass customization is a strategy that creates value through the company's interaction with the 

customer during the product design, production and assembly stages to create customized products with 

production costs and prices similar to mass-produced products [8]. Nowadays, customization requires a 

personalized approach to the customer, thus high flexibility and efficient organization of production planning 

and implementation of production processes. The problem of meeting customers' growing expectations is all 

the more challenging to solve the more complex the product is. This requires a significant increase in flexibility, 

productivity and a reduction of manufacturing costs. Significant increase in production efficiency becomes 

possible through, inter alia, changing the strategy of modern enterprises and focusing on a high level of product 

personalization, servitization of industrial production and designing intelligent supply chains through the use 

of material, production and employee resources in cyber-physical systems of cooperating intelligent enterprise 

resources [9]. Significant support for achieving a high level of customization and shaping relations with the 

client in developing network forms of cooperation. The client becomes a partner in designing and creating a 

product.  

According to the Industry 4.0 concept, each company is perceived as an intelligent module to be used in the 

cyber-physical system of producing and delivering a product to the customer, where the key role is played by 

the level of technologies used, the level of highly qualified staff employed and openness to unlimited 

communication. The idea of a cyber-physical production network means joint execution of production orders 

using digital communication technologies, Industrial Internet of Things (IIoT) technology and fully automated 

production systems and processes of individual network partners. Communication takes place via the Internet, 

and the necessary data is collected and processed using Cloud Computing technology [10].  

The use of modern Industry 4.0 technologies provides all network partners with access to the necessary 

information in real-time, regardless of their geographic location. This enables the development of a partnership, 

which consists of combining the required resources, competencies, and know-how to better respond to the 

client's constantly growing needs and expectations. It effectively gains a competitive advantage in the market 

[11]. Using specialized network partners' resource potential and competencies for joint production projects 

also increases the flexibility and speed of introducing new products to the market. There are many obvious 

benefits to companies participating in the network, but the network formation process causes many problems, 

especially in the SME sector. 

A survey conducted on a selected group of 50 Polish enterprises from the SME sector related to industrial 

production was used to identify the critical problems in forming cyber-physical networks of enterprises. The 

selection of the research sample was deliberate. The questionnaire, as a research tool, was developed and 

addressed only to enterprises interested in implementing the Industry 4.0 concept. The study was conducted 

using the Computer-Assisted Web Interview method. The main purpose of the survey was to demonstrate the 

need to develop a concept for rapid prototyping of cyber-physical production networks. Over 92 % of the 

surveyed companies declare the implementation of Industry 4.0 technology in the near future, but at the same 

time say the lack of a strictly defined implementation schedule. Among the expressed concerns raised by the 

respondents, a low level of cyber-security (79 % of respondents) and high investment costs (78 % of 

respondents) should be distinguished. Over 75 % of enterprises declare that the expected return on investment 

in new Industry 4.0 technologies is too low. 

Another problem is the lack of qualified staff who can support the implementation of new technologies (67 % 

of respondents). Moreover, enterprises are afraid of disloyal network partners (45 % respondents) and declare 

difficulties in finding a network partner 41 % respondents). From the point of view of the concept of the 
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methodology of planning SMEs' cyber-physical networks, enterprises' expectations regarding the development 

and implementation of the following solutions are declared. The enterprises need:  

 e-business platforms supporting the process of network creation (80 % of respondents); 

 a business model describing functioning SMEs within cyber-physical networks (72 % of respondents); 

 a training system on the implementation of Industry 4.0 in the SME sector (67 % of respondents); 

 European support programs for implementing Industry 4.0 technologies in the SME sector (55 % of 
respondents).  

3. CONCEPT OF CYBER-PHYSICAL NETWORKS PLANNING  

The integration of small and medium enterprises and their resources within the implementation of joint ventures 

oriented to the needs of today's customers is a chance for the SME sector. In the proposed concept of an e-

business platform, the main task is, on the one hand, to establish relationships with the customer expecting a 

personalized product (order) and, on the other hand, to integrate the resources of small and medium 

enterprises and the organizing of a cyber-physical network for the new order execution (Figure 1). Therefore, 

the platform is an interface between the customer and the product's producer (temporary enterprise network). 

The customer can design and/or configure an individualized product online through the proposed offering of 

both products and production resource services.  

 

Figure 1 The concept of the e-business platform 

The cyber-physical network planning methodology is based on the sequence of checking sufficient conditions. 

Based on the data provided by the resources of enterprises, an appropriate algorithm compares the generated 

order execution plan with the availability of resources offered by network partners. The proposed algorithm 
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considers the limitations related to the availability of intelligent resources, the cost of their use, and logistic 

constraints considering the distance between partners and the cost of transporting components in the physical 

flow of materials. The proposed cyber-physical networks planning methodology consisted of three phases 

presented in Table 1.   

Table 1 Phases of the methodology of cyber-physical networks planning 

Phases of networks 
planning 

Responsible/ 
Communication 

Description of activities 

Application phase Customer-Platform 

Online communication 

(designing of 

personalized product) 

Developing a project for a personalized product and 

planning production operations related to the 

production and delivery of the product to the 

customer. In this phase, the customer contacts the 

e-business platform via the online e-commerce 

service and creates product specifications, selecting 

the available options and product variants regarding 

shape, size, color or additional product-specific 

features. 

Declaration phase Enterprises-Platform  

Online communication 

of resources of SMEs 

with Platform)   

Enterprises provide real-time information on the 

availability of production resources and data related 

to the costs of their use. Real-time information 

transfer is possible thanks to the Industrial Internet 

of Things (IIoT), Cloud Computing, and Big Data. 

Formation phase Platform - Selected 

enterprises - Customer 

(online communication) 

The network variants are shaped based on the 

selection of resources for production operations, 

considering the sequence of operations and 

logistics aspects related to the transport of all 

materials and components during the production 

process for each of the acceptable network variants. 

At the same time, the cost of the contract is 

determined, which is the basis for determining the 

price of the product. As a result of this phase, a set 

of production networks representing the set of 

resources of various companies is obtained. Each 

variant is characterized by the time and cost of 

product implementation. The customer selects the 

final variant of the network based on these two 

criteria. The price and delivery date accepted by the 

customer means creating a network and launching 

production stages in individual enterprises of the 

network. 

4. CONCLUSION 

Polish enterprises wanting to develop and then maintain a competitive advantage in the international market 

must systematically introduce innovations. The relatively low level of innovativeness of enterprises in Poland, 

both industrial and service, results mainly from the existing financial barriers, insufficient funding in the 

research and development sphere and a low degree of correlation between science and business [7, 12]. The 

condition for the development of network forms of cooperation is, therefore, the development of a business 
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model for collaboration between enterprises supporting the development of cyber-physical production 

networks and the concept of e-business platforms that will allow the interaction of the network with the client, 

the creation of temporary networks oriented to a joint venture production, operation of the enterprise in the 

network, load planning of geographically dispersed resources, production control and the method of the 

financial settlement of network partners [9].  

The presented approach to creating cyber-physical production networks is a solution to small and medium 

enterprises' fundamental and current problems, with extremely limited potential to develop intelligent 4.0 

factories. One of the significant advantages of the proposed network organization approach is creating 

dynamic, temporary alliances of enterprises that can be simultaneously involved in many different projects 

(networks). Thanks to this, enterprises can quickly establish cooperative ties and obtain a high level of use of 

available resources. The concept of organization of e-business platforms may be an excellent solution to many 

problems identified in the presented research, related to the adaptation of the small and medium-sized 

enterprise sector to the conditions of the fourth industrial revolution. The proposed platform concept will provide 

the possibility of intelligent resource communication, where enterprises will be able to automatically exchange, 

in real-time, information about available resources in the network for the needs of a given order. Further 

research will include the development of a prototype of an e-business platform equipped with algorithms for 

rapid prototyping of networks of distributed resources of small and medium-sized enterprises and the 

development of a business model of cooperation between enterprises within cyber-physical production 

networks.    

REFERENCES 

[1] WINDELBAND, L. Zukunft der Facharbeit im Zeitalter „Industrie 4.0“. Journal of Technical Education. 2014, vol. 2, 
no. 2, pp. 138-155. 

[2] PAPE, S., RANNENBERG, K. Applying Privacy Patterns to the Internet of Things (IoT) Architecture. Mobile Netw 
Appl. 2019, vol. 24, pp. 925-933. Available from: https://doi.org/10.1007/s11036-018-1148-2. 

[3] HERMANN, M., PENTEK, T., OTTO, B. Design Principles for Industrie 4.0 Scenarios. In: Proceedings of 49th 
Hawaii International Conference on System Sciences HICSS. Koloa, 5-8 January 2016, pp. 3928-3937.  

[4] YI W., MA H-S., YANG J-H., WANG K.-S. Industry 4.0: A way from mass customization to mass personalization 
production. Advances in Manufacturing. 2017, vol. 5, no. 4, pp. 311-320. 

[5] SILVERA, G.; DA BORENSTEIN, D.; FOGLIATTO, F., S. Mass customization: Literature review and research 
directions. International Journal of Production Economics. 2001, vol. 72, no. 1, pp. 1-13. 

[6] BAINES, T.S., LIGHTFOOT, H.W., BENEDETTINI, O., KAY, J.M. The Servitization of Manufacturing: a Review of 
Literature and Reflection on Future Challenges. Journal of Manufacturing Technology Management. 2009, vol. 
20, no. 5, pp. 547-567. 

[7] ULBRYCH, M. Serwicyzacja produkcji przemysłowej. Wnioski dla Polski. Finanse, Rynki Finansowe, 
Ubezpieczenia. 2016, vol. 3, no. 81, pp. 253 - 264. Available from: https://doi.org/10.18276/frfu.2016.81-22. 

[8] KAPLAN, A. M., HAENLEIN M. Toward a parsimonious definition of traditional and electronic mass customization, 
Journal of Product Innovation Management. 2006, vol. 23, no. 2, pp. 168-182. 

[9] SANIUK, S., GRABOWSKA, S., GAJDZIK, B. Założenia modelu biznesu opartego na sieciowej współpracy w 
ramach koncepcji Przemysłu 4.0, in: Inżynieria zarządzania: cyfryzacja produkcji. Aktualności badawcze 1. Red. 
nauk. R. Knosala. Warszawa: Polskie Wydaw. Ekonomiczne, 2019, s. 467-475 

[10] SANIUK, S., SANIUK, A., CAGANOVA, D. Cyber Industry Networks as an environment of the Industry 4.0 
implementation. Wireless Networks. 2021, Vol. 27, pp.1649-1655.  

[11] BARALDI, E., GRESSETVOLD, E., HARIRISON, D. Resource interaction in inter-organizational networks: 
Foundations, comparison, and a research agenda. Journal of Business Research. 2012, vol. 65, no. 2, pp. 266-
276. 

[12] SANIUK, S., CAGANOVA, D., SANIUK, A., Knowledge and Skills of Industrial Employees and Managerial Staff 

for the Industry 4.0 Implementation. Mobile Networks and Applications. 2001, vol. 26, no. 2, pp. 1-11. Available 
from: https://doi.org/10.1007/s11036-021-01788-4 .  



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

252 

HUMANITARIAN LOGISTICS - MAP OF PROCESSES AND LINKS OF HUMANITARIAN 
LOGISTICS 

1Marian SOFRANKO, 2Marek ONDOV, 2Andrea ROSOVA, 1Kristina HORIZRALOVA 

1Technical University of Kosice, Institute of Earth Sources, Kosice, Slovakia, EU, 

marian.sofranko@tuke.sk, kristina.horizralova@tuke.sk  
2Technical University of Kosice, Institute of Logistics and Transport, Kosice, Slovakia, EU, 

marek.ondov@tuke.sk, andrea.rosova@tuke.sk 

https://doi.org/10.37904/clc.2022.4543 

Abstract 

The article deals with a very current topic, which is humanitarian logistics. Although logistics is mostly  

used in commercial supply chains, it is also an important tool in disaster relief operations. Humanitarian 

logistics is one of the types of applied logistics. It is gaining great importance in solving the preparation  

for eliminating possible conditions in a certain area and its subsystems due to unexpected events. It is applied 

logistics refers to a set of applied principles, knowledge, and logistics methods to solve problems of physical 

distribution, the flow of goods and services (tangible and intangible) in various areas of the economy  

and society. Humanitarian logistics includes elements of all circulation processes (procurement logistics, sales 

logistics, warehousing logistics, sales logistics, supply, distribution, order fulfilment, market) and, for example, 

own production, reverse logistics, and waste management, recycling.  

Keywords: Logistics, Humanitarian logistics, Humanitarian logistics system, Processes, Strategy 

1. INTRODUCTION 

Although logistics is mostly used in commercial supply chains, it is also an important tool in disaster relief 

operations. Humanitarian logistics is a branch of logistics specializing in organizing the supply and storage  

of supplies in natural disasters or complex emergencies for the affected area and people. Earthquakes, floods, 

avalanches, tsunamis, or wars often have radical consequences for the people living in the affected areas. 

Due to the constant increase in natural and man-made disasters, attention has begun to be paid to disaster 

relief operations [1]. Over the last 30 years, the average number of natural disasters has risen from 125  

to about 500 per year. Experts say the number of natural and man-made disasters will increase fivefold  

over the next 50 years; therefore, the need for effective disaster mitigation operations is essential [2].  

The efficiency and effectiveness of the supply of medicines and goods necessary for survival are essential  

in a disaster. Several statistics demonstrate the central role of logistics in catastrophic operations by stating 

that logistics efforts account for 80 per cent of disaster mitigation costs [3]. The paper's main goal is to process 

the topic related to humanitarian logistics by systems analysis and to point out the elements and links  

of humanitarian logistics through a map of humanitarian logistics processes. An overview of current issues  

and challenges in humanitarian logistics can be set as a partial goal. 

2. SYSTEMATIC LITERATURE REVIEW 

System analysis is a group of tasks and methods aimed at securing or determining the properties  

of the investigated process, object, or system. In the analysis of the system, the main focus is on these areas 

[4]: 

 Links between the system and the environment, 
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 System functions, 

 The internal structure of the system (subsystems and system elements), 

 The level of management organization in the system, 

 Formulation and recognition of information needs, 

 Rationalization of algorithm structures in the system, 

 Improving and maintaining the system, 

 The adaptability of the system to the environment. 

2.1. Definition of the term humanitarian logistics 

Humanitarian logistics is a branch of logistics specializing in organizing the supply and storage of supplies  

in natural disasters or complex emergencies for the affected area and people. The primary task of humanitarian 

logistics is to acquire and provide tangible goods and services on time and in places where it is needed. 

Immediately after the accident, it is a matter of survival. It is mainly food, water, temporary shelter and medicine 

[1]. A more detailed description was made by Thomas and Mizushima [5], stating that humanitarian logistics 

is the process of planning, implementing, and controlling the efficient, cost-effective flow and storage of goods 

and materials as well as related information from the point of origin to the point of consumption to alleviate  

the suffering of vulnerable people. Humanitarian logistics is one of the types of applied logistics. It is gaining 

significant importance in solving the preparation for eliminating possible conditions in a particular area  

and its subsystems due to unexpected events. It is applied logistics, denoting a set of applied principles, 

knowledge, and logistics methods to solve problems of physical distribution and flow of goods and services  

in various areas of the economy and society. The ultimate goal of humanitarian logistics is to minimize 

distribution time, cost minimization, and response maximization [6]. A schematic view of humanitarian logistics 

is shown in Figure 1. 

 

Figure 1 Visualization of humanitarian logistics [6] 
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2.2. Humanitarian logistics tasks 

Managing the flow of goods, information, and finances from a specific source to the end customer applies  

to commercial and humanitarian logistics. In addition, the various activities involved in commercial logistics, 

such as planning and procurement or transport and storage, also apply to humanitarian logistics [7]. Therefore, 

the importance of profitability determines. The value of commercial logistics lies in the "contribution  

to profitability". Therefore, business logistics focuses on reducing costs, while the primary purpose  

of logisticians in a humanitarian context is to aid people affected by the crisis. [8]. The concept of profit  

in a humanitarian context is directly related to donation agencies. Inefficient use of resources can lead  

to the loss of donations, and therefore the profit depends on the donor's satisfaction. To ensure high efficiency, 

it would be appropriate to standardize processes [9]. Firstly, humanitarian logistics aims to mitigate the adverse 

effects of natural disasters in terms of loss of life and economic costs. Second, humanitarian logistics  

is considered a data repository that can be analysed to provide post-crisis learning. Logistics data reflect all 

aspects, from the efficiency of suppliers and transport providers, through costs and timeliness of response,  

to the suitability of donated goods and information management. Therefore, it is crucial for the performance  

of current and future operations and programs. The organization of emergency response plans will assist  

in the preparation and subsequent mobilization in the event of disasters [1,10]. 

2.3. Humanitarian logistics processes 

Humanitarian logistics refers to the processes and systems involved in mobilizing people, resources, skills, 

and knowledge to help vulnerable people affected by natural disasters and complex emergencies.  

By modelling the activities of the humanitarian logistics subsystems and optimizing them, we can ensure 

improved preparation for crisis management to ensure the basic requirements for citizens' survival in the region 

in significant emergencies. [11]. Figure 2 shows a map of humanitarian logistics processes.  

 

Figure 2 Map of humanitarian logistics processes [12] 
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As can be seen from the figure above, the process is complicated by the involvement of different persons  

in different places. More specifically, the process brings together a variety of involved persons, including 

donors, local/international donor organizations, local authorities, and beneficiaries. In this process,  

there are three basic flows [12]:  

 Material flow: the flow of products from donors to recipients, including food, blankets, medicines  

and water, and return of returned products after disasters.  

 Information flow: includes demand forecasts, order transfers and order status reports to ensure 
readiness and communication.  

 Cash flow: includes checks, cash and payment documents such as letters of credit, invoices  

and commercial contracts. 

Developing a logistics warehouse to store all essential goods plays a crucial role in disaster response planning. 

Warehouses should be designed to consider precautionary measures against contamination or waste  

from materials. They should be arranged to facilitate deliveries to the required area in the required time  

and quantity. Humanitarian warehouses can be divided into four main types depending on their functions  

and location [13,14]:  

 General delivery warehouses, where products are stored for a long time, 

 Slow-moving warehouses where urgent or reserve stocks are stored, 

 Rapid rotation warehouses where emergency stocks move in and out quickly every day  

or at most weekly, 

 Temporary pickup points: where incoming supplies are stored. 

Transport plays a key role in mobilizing supplies to help emergency humanitarian aid reach the affected 

regions. In humanitarian logistics, it is important to determine the feasibility of different modes of transport 

based on the level of urgency, the total cost, and the geographical characteristics of the affected zones. 

Different product categories require different handling methods as well as temperature control. For example, 

hazardous materials must be stored separately from pharmaceuticals and food. The weight and volume  

of the cargo are decisive factors that determine the capacity of the vehicles and the type of transport. Distance 

and access options also enter transport decisions, e.g., the mobilization of goods from ports to their final 

destinations is often limited by poor local infrastructure and unforeseen events. In most emergencies,  

the necessary goods, especially food and fuel, are sent by air to destinations. Although this option is expensive, 

saving lives is a priority in humanitarian logistics. [1,15]. 

3. RESULTS 

Evidence in recent years suggests that agencies and programs do not pay enough attention to logistics  

in humanitarian aid. Donors usually allocate funds to programs focusing on short-term direct relief rather  

than investing in systems and processes that reduce costs in the long run. The field assessment team often 

does not include a logistician to determine the needs of the disaster-stricken population. Logistics workers  

are informed about what needs to be procured and take responsibility [1]. However, most people with logistics 

responsibilities do not have logistics training. They achieved their positions by trial and error and improved 

their skills by engaging in several catastrophic situations. However, logistics and supply chain management 

are still largely insufficiently supported by technology in the humanitarian sector. In most cases, MS Excel  

is the most used software. The main reasons are the inexperience of employees in the IT sector  

and the keyword of financial managers in deciding on software used in organizations. Standardized processes 

are crucial elements for many companies to succeed, so there is a clear need to standardize processes  

for humanitarian logistics. Many experts believe that the ever-changing operational environment  

of humanitarian aid precludes complete standardization of processes. In a disaster-stricken region, 
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humanitarian agencies must be prepared for inadequate infrastructure. If it is not possible to deliver goods  

by land in extreme situations, humanitarian aid agencies can use air transport as a last resort.  

Another infrastructure issue is the last-mile delivery. For example, sometimes, it is impossible to provide 

adequate temperature control for drugs. Other shortcomings appear to be inadequate stakeholder cooperation 

and coordination. The main challenge for better cooperation between humanitarian aid agencies  

is a competitive environment with limited donor resources. Organizations tend to manage their supply chains, 

which they have been developing for many years. This makes the coordination of materials and human 

resources between organizations very difficult. The approach to the coordination solution lies  

in the development and dissemination of cooperation tools in information technology [2,3,7,9,16]. 

4. CONCLUSION 

After analysing the humanitarian aid logistics problems, applying the following strategies to improve 

humanitarian logistics will be beneficial. Each of these five strategies contributes as follows: 

 Creating a professional logistics community will allow humanitarian logisticians to share knowledge and 

experience on common issues and create a consistent and strong voice with all stakeholders  

in the sector [2].  

 Investing in standardized logistics training and certification will help build a group of logistics 
professionals who share standard processes and vocabulary and support professionalism  

and cooperation [9].  

 Focusing on metrics and performance measurement will enable logisticians to demonstrate  

and improve the efficiency of humanitarian supply chains [3].          

 Communicating the strategic importance of logistics will enable logistics to raise awareness of logistics' 
benefits and obtain the necessary funding and resources [1].  

 The development of flexible technological solutions will improve responsiveness by making material flow 

visible and increasing the efficiency of people and processes. Furthermore, advanced information 

systems will create the infrastructure for knowledge management, performance measurement  

and training [1,7]. 

Table 1 shows how each strategy addresses the specific problems of humanitarian logistics. 

Table 1 Problems affected by proposed strategies [1] 

 
Lack of 

recognition 
Lack of 

specialist staff 
Insufficient 
technology 

Lack of 
institutional 
education 

Limited 
cooperation 

Create a 
professional 

logistics 
community 

● ●  ● ● 

Standardized 
logistics 
training 

 ●  ● ● 

Performance 
measurement 

●  ●   

Communicate 
the importance 

of logistics 
●  ● ●  

Development of 
flexible 

technological 
solutions 

 ● ●  ● 
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Abstract 

The article addresses the methodology of synergistic design of complex and advanced production systems as 

a basic approach to technological logistics. Generically, it further develops process of generalizing the author's 

25 years of practical experience in designing and logistics optimization of technological processes and 

summarizes the results of more than 150 research and innovation projects, solved in the past. The topic deals 

with the transfer of knowledge from logistics to the design of new technologies and processes. At the same 

time article brings applicable output from analytic technological review of logistics and a summary of results, 

which create extensive innovative opportunities for both research and industry. 

Keywords: Logistics principles, technological logistics, design of technological processes  

1. INTRODUCTION 

The basis of the philosophy of logistics represents a tool for understanding and controlling any system through 

the coordination of flows and links between system elements taking place in particular system.  Described 

access follows the flows between the system and its environment and it can be summarized in five basic 

logistics principles: system approach, coordination principle, multicriteria optimization, planning and 

algorithmizing. This division was defined by prof. D. Malindžák in 1996 in his book Industrial Logistics. This 

revolutionary new approach has ushered a new era of logistics in flow coordination. In line with this approach, 

the elements of the system (transformation technological operations) are viewed as black boxes, which are 

interesting only as terms of their inputs and outputs. 

The ambition of this article as well as of the entire technological logistics is to look at these black boxes as 

separate systems. The key approach of this article is to introduce into industrial practice the need to coordinate 

flows in these separate systems and the need to implement logistics at the lowest technological level. The 

basic level of this technological level is the level of elementary physico-chemical and mechanical processes. 

For example, in the heat treatment of raw materials, it is possible to divide logistics processes according to a 

coordinated and controlled flow into rheological (material flow), hydromechanical (medium flow) and 

thermodynamic (heat flow) processes, with the technological operation being a change in physical and 

chemical properties. 

The key benefit of technology logistics is the concentration of the problem solution directly in the physical, 

executive area, which forms the essence of the process. Solutions at higher hierarchical levels can only be 

optimized based on the lowest technological field only. The benefits achieved by technological logistics 

solutions can reach up to high percentage (double-digit) of the technological processes’ costs. This confirms 

the great innovation potential of technology-oriented logistics. 

In recent times the technological processes separated design with minimal regard to logistics is the 

predominant element technology designers utilizes. From the logistics systems design point of view, 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

259 

technological operations act as black boxes. Such a separate approach does not create possibility fully utilize 

innovation potential (above-mentioned), which is precisely hidden in the synergy of the system.  (In 

synergistically functioning elements of the system). Synergy needs to be designed and achieved at all its 

hierarchical levels of the system, but especially at the lowest levels. The use of this potential for streamlining 

is conditioned by the design of complex technological and logistics systems by a holistic, (truly systemic) 

approach. 

Long-term work in research and innovation of production processes motivated me to try different approaches 

and design methodologies, which over time have been transformed into my own, already mature methodology 

of technology design, driven by a "logistics" approach. This methodology is process approach based, which in 

turn is conditioned by a thorough knowledge of the process. Experience is underlaying, that there is a direct 

relationship between consistent deep knowledge of processes and the quality of the innovative solution. The 

lack of theoretical knowledge of the process must be supplemented by physical and mathematical modeling, 

which should be followed by process simulation. This also requires continuous digitization, visualization, 

informatization and quantification of technological and logistics processes. Process modeling and their 

quantification ultimately allows a qualified view of the modeled process. It is necessary to reach depth of the 

process that makes possible to see not only the consequences but also the causes of the problem. Design 

clearly states the direction: "seeing = knowing"! New perspective - new knowledge is the key to a new solution. 

For a new view of the system, sometimes it is enough to change the view angle. A logistical approach to 

technology design, including the design of technical solutions, can be the new desired perspective that brings 

a qualitatively new innovative solutions level. 

2. PRINCIPLES OF LOGISTICS IN DESIGNING TECHNOLOGICAL PROCESSES 

The unusual large amount of solved research and innovation tasks (quite unique in our research environment) 

as well as their unsolicited solutions results motivated me to analyze the reasons for explanation of this 

phenomenon.  The use of another non-standard but more effective methodology and approach to research 

and innovation may identify the difference between effective and successful projects. The magic lies in the 

logistical approach to the technological processes design. 

I am presenting my specific experience with the application of logistics approach in technology design, 

including the design of the technical side and the method of monitoring and management. The analysis covers 

summarized and generalized knowledge, systematically arranged, and assigned to individual principles - 

postulates of logistics. The assignment is loose and subjective, because the individual conclusions can be 

assigned to several principles, or upside down several logistics principles are used to define one conclusion 

in the design rule form. 

2.1. Logistics fundamental No 1: "System approach"  

In a systems approach, processes and objects are viewed as a "system", combining set of all elements 

(elementary processes) and the connections between them and their environment. Links to other processes 

(systems) are determined and the process management goal is defined. The properties of elements and 

connections and their synergistic effect are defined and used to achieve the goal. Systematic decision-making 

is applied, which simultaneously evaluates information from several sources. Optimal result forms the base 

among global measures. The system approach is manifested by the problem-solving methodology steps: 

decomposition - analysis - goal - synthesis. 

In general, any processes (elements and links of the system) have four basic characteristics: quality, quantity, 

time, and position. According to the change of parameters, all processes taking place at all levels of any system 

can be divided into three basic groups: 

 transformation process changing quality, quantity, and time period, 
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 transmission transport, changing the position in time, 

 accumulation storage, where only process time attribute is changed. 

Transformation (processing and assembly) represents a key technological operation. The subject of 

transformation management is to ensure the planned (programmed) process of transformation beginning at 

inputs up to planned outputs. Transformation is the only process, achieving added value, therefore it must be 

considered as the key priority operation. Transmission (transport) and accumulation (warehousing) 

represent logistical services (without added value) operations and provides coordination tasks, management, 

and flow provisioning. From the system point of view, technological operations represent the elements of the 

system and the logistics operations the system bonds. The arrangement of the system, the interconnection of 

elements by bonds is the subject of the system organization. 

The above-mentioned theoretical foundations of the systems approach support definition of following 

conclusions - rules for designing holistic systems: 

 The solution basic is the system decomposition, followed by knowledge base with granularity level, 

enabling to see the whole system (not only the problem solved) in causal contexts, (reason - issue - 

result). 

 "Design variance (freedom)" is very important. Rigorous solution, focused to given problem only and not 
to the whole system optimality often leads to isolated separate and pseudo-optimal solutions only. 

 The goal of a "good" system design of a technological-logistics system is a symbiosis between a detailed 

search for the synergy of individual elements and links and a holistic approach, which results in a 

comprehensive material, technological and system solution. 

 Symbiosis and interconnection of material, technological and system solutions is the key to optimal 

system operation. Knowledge and acceptance of technology physic-chemical conditions is inevitable for 

right priorities setting for material-transformation but not for logistics-organizational processes. 

 Since the optimality of the system is conditioned by the synergy of operation and the use of the 
optimization potential not only for its parts individually, but especially as a complex, the final result of the 

system solution will be complex 4E production systems (4E - environmental, energy, economic and 

efficient). 

2.2. Logistics fundamental No 2: "Coordination" 

The principle of coordination is essential in logistics in the case, a systemic approach is applied. Because 

most processes are made up of several elements (processes, equipment, production sections, plants), their 

local goals need to be aligned with the global goals of the entire system-enterprise. Logistics systems used to 

have a hierarchical management structure and coordination is needed not only at individual horizontal levels 

but also vertically. 

Within this principle of logistics, we propose to define the following conclusions - rules for designing processes, 

aggregates, lines as well as complex technological-logistics systems: 

 Elimination of storage needs and integration of processes, equipment into aggregates and 

technologies. In terms of inventory optimization would be an ideal approach, leading to the storage tanks 

free production process, certain variant of Just in Time approach. This might represent a technological-

organizational optimum. To achieve such a status in mining engineering is probably not realistic vision. 

Nevertheless, to a limited extent, to eliminate need for storage facilities is realistic and feasible by 

harmonizing the productivity and capacities of machinery and equipment. This leads to perfect 

integration of production operations and processes into a single technological unit, eliminating the need 

to implement service processes and equipment between them. We can provide the Integrated Heat Unit 
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as an example, in which are integrated assemblies like tank, drying, flue gas dedusting, preheating, 

calcination, cooling, wind sorting and product removal. Another possibility to eliminate the need for 

containers is use of transport providing container capabilities. 

 Balancing the volume of stocks in storage tanks means determining the optimal capacity of storage 

tanks and determining the optimal level of stocks in them according to the needs of the technological 

process. For this purpose, it is appropriate to use simulation and balance models of the production 

process. Supply forms the security feature in the system. On the one hand, stocks tie up funds, on the 

other hand, they are necessary for the optimal functioning and crisis security of certain technological 

processes. Their placement is necessary in front of a narrow place of the production flow, or in front of 

continuous units, for example in front of a rotary kiln and a shaft furnace. Based on total volume of 

operating stocks in the system, the "quality" of the system design can also be indirectly evaluated. 

 Ensuring the efficient and smooth operation of the production process evaluated requires 
determination of the production optimal size and transport batch as well as their harmonization. 

The mining process is characterized by a continuous-discrete material flow, continuously-discretely 

operating production processes and, hitherto, a variable size of the production and transport batch. The 

extraction dose is given by the choice of mining method and the dimensions of the mined block, the 

transport dose by the capacity of the transport facilities and the mineral treatment is mostly continuous. 

Batch inconsistencies cause raw material mixing, problems with maintaining production quality, unstable 

gains and yields, and uneven production equipment load. 

 Flow capacity of storage tanks, machines, aggregates lead to the technology continuation. If it is not 

possible to remove all the tanks completely, we should focus on the possibility to streamline the 

production system by utilizing flow tank with FIFO concept (first in, first out) with a piston flow of material 

in them. Flow tanks, if they work on the principle of gravity, are simple and are easy to operate and 

maintain. When designing new complex technologies, it is necessary to struggle verticalize the 

arrangement of equipment and processes. The gravitational principle of organization and securing flows 

in the system brings secured functionality, efficiency, reliability and enables the creation of self-

organized systems. 

 Minimization, straightness, uniformity, and fluidity of material flow. The basic criteria for the 
optimality of a material flow are its length, straightness, uniformity, and fluidity. The location and 

arrangement of processes and straightness affect the length of the material flow, uniformity and fluidity 

is affected by the level of its use. All the above properties of the material flow affect its economic. Meeting 

the requirements for minimization, straightforwardness, uniformity and fluidity, it is possible to reduce 

investment and operating costs, specifically transport and handling costs. Costs resulting from the 

reduction of inventories and work in progress, as well as maintenance costs, etc. contribute to improving 

the economic indicators of whole process. 

2.3. Logistics fundamental No 3: "Multi-criteria optimization" 

The definition of the global goal is given by the optimization criteria. Through its coordination of elements and 

links in the system, logistics directly or implicitly solves the problem of multi-criteria optimization. Pay 

attention to maximum utilization of equipment capacities, minimization of energy consumption, materials, profit 

maximization, etc. These criteria can be supportive or conflicting. Logistics tries to influence all these criteria, 

especially in terms of time and capacity, and thus meet the global optimization goal, which leads to the 

minimization of total costs, respectively profit maximization. However, it is necessary to realize that it acts 

similarly within the already proposed technology and within the limitations of this technology. 

The principle of multi-criteria optimization is a universal principle and applies to any, not only technological 

and logistics systems. The following starting points, rules, conclusions are therefore valid in any human activity. 
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 Process optimization is a staged process in terms of time and material. Each stage has its own 

optimization possibilities and limits. The primary is technical optimization, defined by design stage 

(optimal process elements) and the organization stage (optimal process links). Secondary 
optimization is the operational, consisting of the planning stage (optimal process trajectory) and the 

implementation stage (optimal process flow). Deficiencies and shortages in one stage are difficult and 

costly to compensate in another stage. 

 In each real system, several criteria apply. Since there is no secure method by which we can objectively 
calculate the optimum with several criteria being valid at the same time. The criteria need to be applied 
gradually in the design according to their priority. When designing complex technological-logistics 

systems, the priority criteria will be material-technological and only subsequently logistical-

organizational criteria are to be applied 

 A common design flaw resulting from incorrect prioritization of criteria is the preference of a technical 

solution over the technology requirements. Frequently a technological process requirement adapts to 

the capabilities of the technical unit instead of adapting the parameters of the technical unit according 

the technology needs. 

 Another common design error is the "forgetting" the validity of physics-chemical laws, or efforts to 
suppress their influence. Sooner as later, it leads to the emergence of negative phenomena in the 

system. However, if their impact is meaningfully applied, it can not only significantly simplify and 

streamline the technical and organizational side of the proposal, but also bring a qualitatively new level 

of the whole solution. This will have a positive effect, especially in the operation of given system. 

 Currently, the dominant criteria in the proposal are environmental, energy and subsequently economic 

criteria. The technological-technical and logistical criteria are assumed to be met, resp. they are 

treated only as restrictive conditions. 

2.4. Logistics fundamental No 4: "Planning" 

The task of logistics is the coordination of flows and links in the system so that the system produces the right 

product, in the right quantity, time, quality ... To do this, logistics can utilize one tool only - a plan, which defines 

the time sequence system. Logistics uses the principles of forecasting, goals planning and programming of 

the course of individual elementary processes. Logistic supports achievement of best possible economic 
parameters of the system operation when material constraints are met. 

Among the design rules, derived from previous practical experience, the following can be included in the 

logistics "Coordination" principle: 

 When designing systems, and in particular their control and management methods, it is necessary to 
be aware of management and logistics philosophies of the diversity. While the basis for management 

is the fault existence (actual in feedback planning and assumed in advance), logistics must plan without 

it. By emphasizing the course of elementary processes coordination according to a predetermined plan, 

logistics prevents the occurrence of failures. This is the logistics’ competitive advantage. It can only be 

used if the system is properly designed and takes this into account. 

 From the point of view of logistics, the production process orientation based on the PULL system is 

generally preferred. Customer dominance presumes PULL principle. On the other side the PUSH 

system emphasizes the overall efficiency of production processes, while the PULL system emphasizes 

variability and flexibility. The ideal situation is a combination of both approaches with the transfer of 

dominance according to the market situation. 

 At present time, the dominant management systems in production processes forms a combined system, 

composed of program, forward and feedback management. While program-feedback control prevails in 
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technological processes, program-forward management prevails in logistics processes. Due to the 

growing competitive pressure and requirements for the quality of production, as well as for the flexibility 

of the system, it is necessary to emphasize the prediction component sin management. This represents 

a key reason for preferring logistics and process approach (self-organization, self-regulation), 

informatization and digitization in designing the way systems are controlled today in production process 

management. 

 Coordination is possible only when based on quality information (time-relevant and objective). To ensure 

them, it is necessary to widely utilize the processes IT support - even before the start of the process, 

simultaneously with the course of the process, as well as after the process ends. 

 In the design of a comprehensive production system, adequate management approaches must be 
used in the new technologies design. The focus represents systemic and process approach at all 

hierarchical levels of business process management. The design of the monitoring subsystem, the 

control-command system and the process planning and organization subsystem must be implemented 

in parallel with the new technology design. 

2.5. Logistics fundamental No 5: "Algorithmizing" 

The principle of algorithmic thinking uses the principle of creating program algorithms, where each branch 

of the algorithm must be consistently implemented, closed, nothing can be left to chance, unclosed. All decision 

steps must be objectified and standardized in the algorithms. For logistics, algorithmizing is a prerequisite to 

achieve the objectivity of decision-making at all hierarchical levels. Proper forming of algorithms is prerequisite 

for efficiency in repeating processes (like planning), a prerequisite for the accumulation of corporate knowledge 

base, as well as prerequisite for standardization of work procedures. Even defining the methodology of 

designing new technologies using the principles of logistics is only the application of the logistics principle of 

algorithmizing. 

"Algorithmizing" principle of logistics can be understood in several forms in the figurative meaning of the word. 

Some of these forms also include: 

 Standardization. Since algorithm is a standardized notation of a certain sequence of activities, the use 

of algorithms brings standardization and objectification. Standardization is a tool for streamlining 

decision-making processes, which reflects the economic benefits. 

 Count forward, because the unambiguous notation of algorithms makes it possible to predict impact 
on process outputs according to input changes. 

 Repeatability supports multiple and versatile usability of algorithms, resp. models written by a 

standard algorithm. The models created within the design can be used in process control, maintenance, 

and other phases. 

 Simplicity of design - algorithmizing forces designers to go to the level of elementary processes. It 
forces to austerity and elimination of unnecessary operations, not affecting the added value. This is a 

problem in the design phase, but at the same time it forms a significant simplification in construction, 

operation, and maintenance. 

 Rationality and smart features of designs - because of advanced control of processes, it is impossible 

to be achieved without algorithmizing in design. The advanced internal process control approach is 

perhaps the most powerful tool in technological logistics and the best capture. At the same time, it is 

also the most difficult to implement. This approach is process-oriented and ensures that the process 

takes place in its natural, physics-chemical law form and is governed only by the principles of self-

regulation, self-management, and self-organization without the need for external user intervention. 
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3. CONCLUSION 

In recent decades, the industry driving force was the informatics, the introduction of which has improved the 

efficiency of all areas of production and processing activities. Reserves in this area are already practically 

exhausted and new space for increasing efficiency is being moved to the area of logistics. This paper presents 

the directions and rules for designing new technologies by consistent application of the logistics approach. The 

described structured logistics way to entrance is based on the implementation of many projects results in 

practice and is multiplied by personal experience. Although the findings are of a general nature, they can bear 

traces of a subjective view, which, as expected, will provoke professional discussion. Objective knowledge in 

the article contributes to a more efficient logistics approach in the design of technologies and production 

systems. 

ACKNOWLEDGEMENTS  

This research was funded by the Scientific Grant Agency of the Ministry of Education, science, 
research and sport of the Slovak Republic and the Slovak Academy of Sciences and Cultural and 
educational grant agency of the Ministry of Education, science, research and sport of the Slovak 
Republic. The submitted paper is a part of the projects “Research and development of new smart 

solutions based on the principles of Industry 4.0, logistics, 3D modelling and simulation for 
streamlining production in the mining and building industry” VEGA 1/0317/19 and the project 

"Projects of applied research as a means for development of new models of education in the study 
program of industrial logistics” KEGA 016TUKE-4/2020.  

REFERENCES 

[1] SPIŠÁK, J., LIŠUCH, J.: Technological logistics - tool of optimalization of heat treatment processes of raw 
materials, In: Metal 2011: 20. jubilejní ročník mezinárodní konference metalurgie a materiálů. Brno: Tanger, 2011, 

pp. 1-8. ISBN 978-80-87294-22-2 

[2] SPIŠÁK, J., ZELKO, M. Environmental aspects of raw materials SMART processing, Environmental Engineering 

and Computer Application, ICEECA 2014, London Taylor & Francis Group, 2015, pp. 1-4. ISBN 978-1-138-
02807-4 

[3] MALINDŽÁK, D., OLEJARZ, T., GAZDA A. Logististics - sience of present - day and future. In: Modern 
Management Review. Warszawy, Poľsko: Publishing House ofd Rzeszow University of Technology, 2018, vol. 23, 

no. 2, pp. 37-49. ISSN 2300-6366 

[4] STRAKA, M. The position of distribution logistics in the logistic system of an enterprise, 2017. In: Acta Logistica. 

2018, vol. 4, no. 2, pp. 23-26. ISSN 1339-5629. Available from: 
http://actalogistica.eu/issues/2017/II_2017_05_Straka.pdf. 

[5] SPIŠÁK, J. Smart logistics company system structure. In: European Scientific Journal. 2015, vol. 11, no. 7, 
p. 319-326. ISSN 1857-7881. Available from: http://eujournal.org/index.php/esj/article/view/5324. 

[6] SPIŠÁK, J. Structure of SMART Logistics Company. In: CCIT 2014 : Proceedings of the 2014 International 
Conference on Computer, Communications and Information Technology. Beijing, China, January 16-17, 2014. 

Paris: Atlantis Press, 2014, pp. 309-312. ISBN 978-90786-77-97-0. Available from: https://doi.org/10.2991/ccit-
14.2014.81. 

[7] BALOG, M., STRAKA, M. Logistické informačné systémy, Bratislava, Ing. Miroslav Mračko: EPOS, 2005, p. 208. 
ISBN 80-8057-660-2 

[8] DORČÁK, D., LIŠUCH, J., HRICOVÁ, R. Total Plant Solutions. In: TEM Journal. 2016, vol.5, no.1, pp. 97-103. 
ISSN 2217-8309 

[9] MALINDŽÁK, D. Logistika výroby. 1. vyd. Košice: Technická univerzita v Košiciach, 2018, p. 54. ISBN 
9788055327501 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

265 

[10] KOŠTIAL, I., ORAVCOVÁ, E., DORČÁK, D., VAŇKO, B. Prepojenie technologickej, logistickej a ekonomickej 

úrovne riadenia výrobného procesu. In: Pokročilé technológie v oblasti získavania a spracovania zemských 
zdrojov: zborník prednášok z 2. vedeckého sympózia. Hrádok pri Jelšave: Košice TU, 2012, pp. 115-120. ISBN 

978-80-553-0889-0. 

[11] MALINDŽÁK, D., STRAKOŠ, V., SEDA, M., KOŠTIAL, I., LENORT, R., STRAKA, M., MACUROVÁ, P., ROSOVÁ, 

A., CIBULKA, V. Modelovanie a simulácia v logistike. 1. vyd. Košice: TU, 2009, 182 p. ISBN 978-80-553-0265-2 

[12] SPIŠÁK, J., ZELKO, M. HUSÁHOVÁ, M. Technological logistics principles as the key element of new innovative 
technologies and solutions for sustainable raw materials supply. In: Transport and Logistics: Carpathian Logistics 

Congress: 9th special issue: 27. - 30. September 2011. Podbanské, High Tatras, Slovak republic: Košice TU, 
2011, no. 9, pp. 294-300. ISSN 1451-107X. 

  



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

266 

ALGORITHM FOR BALANCING PRODUCTION CAPACITIES USING CAPACITY BALANCING 
MEASURES AND COMPUTER SIMULATION 

1David STAŠ, 1Radim LENORT, 1Pavel WICHER 

1ŠKODA AUTO University, Mladá Boleslav, Czech Republic, EU, 

david.stas@savs.cz, radim.lenort@savs.cz, pavel.wicher@savs.cz 

https://doi.org/10.37904/clc.2022.4531 

Abstract 

The paper deals with the issue of capacity balancing at the operational level of production management. The 

authors focused on the possibilities of supporting planning and decision-making processes, where they 

provided planning staff (production planners) with measures to gradually balance the production schedule in 

relation to the available production capacities. The aim of the paper was to design an algorithm based on the 

identified capacity balancing measures and a computer simulation model of the operation, which allows to 

achieve a balanced production schedule.  

Keywords: Production capacities, capacity planning and balancing, production schedule, computer 

simulation 

1. INTRODUCTION  

In the end, the low level of utilization of production capacities, or their inefficient management, almost always 

negatively affects the productivity of the production unit, the operation, and the entire company. Efficient use 

of production capacities and resources generally means in practice the possibility to produce more products 

or services with the same consumption (time, energy, materials, etc.), which brings companies several assets 

that increase their competitiveness in a globalized global market [1]. Efficient use of all necessary production 

resources (material, energy, and human resources) is the primary task of production management to cope 

with the current complex global situation, when there is a significant disruption to the smooth operation of 

supply chains due to the consequences of the coronavirus pandemic or the war in Ukraine. The authors of the 

article address the issue of production scheduling at production facilities with the aim of optimal use of 

production capacity within operational management. The aim of the paper was to design an algorithm based 

on the suitable capacity balancing measures and a computer simulation model of the production operation, 

which allows to achieve a balanced production schedule. 

2. METHODOLOGICAL BASIS 

2.1. Production capacity 

Operational management has been solving the optimal use of production capacities since the very beginning 

of industrial production. During this period, of course, not only did the tools and approaches to effective 

management evolve, but so did the very understanding of the concept of production capacity. For example, 

Malindžák [2] emphasizes the distinction between capacity given by time and capacity given by the amount of 

production. He considers the neglect of the "time dimension" to be a fundamental mistake, which rather 

represents size, resp. the current number of units of the device. He considers the confusion of the device's 

capacity as the instantaneous value of the device's output to be another misinterpretation. Similarly, production 
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capacity is defined, for example, by Borowiecki [3] or Pasieczny [4], which express production capacity as a 

measure of the ability to create a maximum number of products at a given time (i.e., usually per year), at a 

given plant (centre or department), corresponding to the valid quality regulations, with optimal use of production 

equipment and adherence to technological production procedures. According to Muhlemann et al. [5] 

production capacity is not only the ability to perform specified tasks at a given time, but also the ability to 

process or perform what the customer requires. In contrast, Waters [6] uses the notion of planned capacity, 

which expresses the maximum number of products leaving the process under ideal conditions, and the notion 

of effective capacity, which expresses the maximum production under normal conditions. As Bellino [7] states” 

an increase in the growth rate can be obtained both by an increase in profits and by an increase in the rate of 

utilization of production capacity. Capacity planning is the process of determining the production capacity 

needed by an organization, to make efficient use of production resources and to meet changing demands for 

its products [8].  

2.2. Balancing production capacity 

Capacity calculations are carried out to analyse the production system imbalance and bottlenecks in the 

process at each station and address them well in advance to ensure the smooth flow and thereby increasing 

the utilization of the resources to the maximum to achieve targets and meet the customer demands on time 

[8]. The concept for balancing production capacities must consider not only the fulfilment of production order 

deadlines, but also the possibilities of storage capacities and all relevant factors [9]. 

3. ALGORITHM FOR BALANCING PRODUCTION CAPACITIES 

3.1. The purpose of the algorithm 

The expected benefit lies in the support of planning and decision-making processes, where planning staff 

(production planners) is equipped with appropriate capacity balancing measures and computer simulation 

model of the production operation to balance the production schedule. A capacity-balanced production 

schedule is created gradually using proposed measures and the computer simulation model. 

3.2. Capacity balancing measures 

The design of the algorithm was preceded by the creation of an exhaustive set of specific measures for the 

elimination of overloaded capacities of production resources. The measures are both intensive and extensive. 

All measures are divided into two groups - measures related to production requirements and measures related 

to resource capacity: 

I. Measures concerning production requirements: 

a. Cooperation - realize the given production operation with external capacities. 

b. Production advance in time - however, it can be possible only in case when a computer simulation 

model works with data about work in progress, which is very difficult in practice. 

c. Delay of production in time - according to the reserve for possible shifts in time (= planned date of 

completion of production - simulated date of completion of production) and utilization of other planned 

resources in the given technological process. 

d. Transfer to another production source (same or different within the alternative technological process) 

- according to the designation of orders that have an alternative process and the capacity utilization 

rate of the alternative process. 

e. Reduction of production to the warehouse (e.g. without customer orders, reduction of the reserve 

stock required by the customer…) - do not include these orders or approach them as in point c. 
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f. Prioritization of production orders (e.g. according to the importance of the customer, the amount of 

fines, or the relative contribution margin (EUR per min of the workplace)) - postpone all or part of the 

production order with the lowest priority to a later time. 

g. Divide production batches (large production orders) that were created at the MRP level by merging 

several orders from different customers or one customer who determined the schedule of gradual 

delivery of partial parts of the order, move those orders or their parts that have a later delivery date. 

II. Measures concerning resource capacities: 

a. Capacity increase by measures requiring only minimal costs: 

 overtime, 

 reduced times - e.g. legal breaks by means of staff rotation, 

 strengthening the operation of a set of automatic equipment (adjustment, manipulation, 

maintenance), 

 inventory creation in front of a bottleneck (reduction of material unavailability), 

 shortening the setup by appropriate alignment of production orders, 

 relocation of routine maintenance to non-production times (shifts…), 

 placement of a more experienced worker (in the case of a manual workplace, it is a worker who 

has a higher than standardized performance, in the case of a semi-automatic workplace, it is an 

acceleration of handling and production operations), 

 increasing the performance of production operations by technical measures (e.g. use of another 

tool, short-term increase at the limit of technical possibilities of the machine). 

b. Capacity increase by measures requiring additional costs: 

 Inclusion of an additional shift (in case the device does not work in continuous mode, or e.g. 

weekend). 

 Inclusion of additional capacity - increasing the number of workers at the manual workplace or by 

including a backup machine in production. 

3.3. Input data 

To verify the above set of measures, it is necessary for the production planner to have a number of input data 

available. These are part of the company's information systems, production planning and scheduling rules, 

and output data of the computer simulation model after each simulation run. The list of required input data is 

as follows: 

Product: 

 alternative technological processes of production, 

 cooperation capacity for each technological process of production and its operation. 

Production order: 

 size, 

 planned date of completion of production, 

 reserve for possible shift in time (planned date of production completion minus simulated date of 

production completion), 

 information on whether the order is manufactured in a warehouse, 
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 information on whether it is a production batch consisting of several customer orders with different 

fulfilment dates combined at the MRP level. 

Customer: 

 customer priority (priority of its orders). 

Manufacturing source: 

 simulated load, 

 flexibility (possible short-term increase of capacity by measures requiring only minimal costs), 

 work shift distribution, 

 backup human resources and production facilities that can increase production capacity. 

3.4. Conceptual framework of the algorithm 

The essence of operational production planning is the creation of schedules of the entered production always 

as close as possible to the moment of production with the possibility to gradually refine this production schedule 

according to the current situation. Such a production schedule must correspond to the updated balances of 

machine capacities, workers and all currently needed inputs. At the same time, it is necessary to choose such 

an order of implementation of individual measures so that additional production costs are minimized. In line 

with these principles, the proposed measures have been arranged in eight logical sequential steps. Their 

conceptual overview, which determines the priorities for the application of individual measures for dealing with 

congested capacities of production resources, is as follows: 

1) Verify if the congested capacities can be solved / partially solved by simple measures, i.e. compare 

capacity congestion with the flexibility of the given resources. If this possibility is realistic, then inform 

the interested workers to apply some of the measures according to point "II. a". 

2) Verify if the production order can be transferred to another production source with free capacity (same 

or different in an alternative technological process). Specifically, apply the measure "I. d “. 

3) Verify if it is possible to postpone the production of production orders on an overloaded resource to a 

later date, i.e. to postpone orders that have a large time reserve and a small utilization of other planned 

resources (see measure "I. c"). 

4) Verify if there are stock-produced contracts at the congested source (see measure "I. e") and classify 

or treat these contracts as in step 3. 

5) Verify if there are production batches on the overloaded source and then move over time those sub-

customer orders or parts thereof that have a later delivery date (see measure "I. g"). 

6) Verify if the shortage of congested resources can be addressed by including an additional shift or by 

including additional production capacity (see measure "II. b"). 

7) Verify if production orders from an overloaded source can be solved by cooperation, i.e., apply the 

measure “I. a". 

8) Postpone all or part of the lowest priority production order to a later date (see measure I. f). 

3.5. Designed algorithm 

Based on the measures, the required input data, and the conceptual framework defined above and using a 

computer simulation model of the operation, a universal algorithm for capacity balancing was designed. The 

process diagram of the algorithm, which includes the basic implemented activities, decisions, but also the 

required input data, is shown in Figure 1. 
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Figure 1 The process diagram of the designed algorithm 

The algorithm starts with the implementation of the first simulation run. Based on its results, a process cycle is 

implemented, including the evaluation of simulation outputs, decision-making on the acceptability of the 

assessed production schedule and verification of measures for capacity balancing of the production schedule. 

This cycle is implemented until an acceptable (capacity balanced) production schedule is obtained. Simulation 

runs can be implemented not only after the end of each cycle (scenarios of a set of possible measures), but 

also during the partial examination of individual measures within the cycle. 

4. CONCLUSION 

When implementing the algorithm, it is necessary to consider the fact that operational production planning is 

always strongly dependent on the type of production, production factors and other production characteristics 

of a particular production system. For this reason, it is appropriate to concretize the proposed universal 

algorithm into a simple procedure for production planners, which would allow efficient and fast verification of 

possible measures for capacity balancing of the assessed production schedule. The aim is to focus on those 

measures that are relevant to the production system and at the same time to implement the smallest possible 

number of simulations runs within the computer simulation model. 
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Abstract  

The platinum group metals (PGMs) palladium, platinum, and rhodium represent the key materials for 

automotive exhaust gas treatment. Since there are currently no adequate alternatives, the importance of these 

metals for the automotive industry is steadily rising. The high value of PGMs in spent catalysts justifies their 

recycling. The state-of the-art technology is to melt the ceramic carrier and collect the precious fraction in a 

liquid metal bath. As the feed material has quite high melting points, huge amounts of energy are required for 

this process. Hydrometallurgical treatments of the spent catalysts offer the possibility to recycle the PGMs with 

less energy and time demands. Moreover, automotive catalysts contain further valuable materials to improve 

the exhaust gas treatment. These compounds, like cerium oxide, cannot be recovered in pyrometallurgical 

processes. 

Keywords: Statistics, auto catalyst, environment, precious metals  

1. INTRODUCTION TO ISSUE 

Since the 1950s, all major car manufacturers began to devote to reducing the proportion of toxic substances 

in the exhaust gases and it is that road transport is involved in more than 90 % in the overall environmental 

pollution. The effort of car manufacturers for reduction in emission production is supported by legislation since 

the late 1960s is supported by legislation when the first emission standard has been adopted by the exhaust 

limit values in the California In Europe, the first emission standard began in 1971.i when it is clear that the 

share of products based on power equipment based on the combustion process will also have an increasing 

trend to completely exhaust fossil energy resources, the only way to reduce the share of toxic substances in 

Flue gas is to streamline combustion process and simultaneously eliminate the toxic impact of imperfect 

combustion products by chemical procedures. The catalyst life is estimated at 128,000 km, depending on how 

combustion engine use. Since the catalyst contains noble platinum metals whose occurrence in the 

environment is limited, at the end of its life, platinum metals are obtained from the exhausted car catalysts. In 

addition to positives that brings the catalyst in reducing the amount of exhalation in the air, it also has a negative 

impact on the environment in the form of release of platinum metal particles. The high price of these metals 

led to intensive research activities to substitute them. Nowadays no cheaper materials are available that offer 

similar properties for these kinds of catalytic reactions. Based on the facts that every new car has to be 

equipped with a catalytic converter and the number of car registrations is steadily increasing, the demand for 

platinum group metals (PGMs), particularly platinum, will grow continuously. Taking into account that one 

catalytic converter contains approximately from 1 g up to 15 g of PGMs, it could be easily supposed that this 

field represents the main application for palladium, platinum and rhodium 

The recycling itself for dealing with the amount of authors. Nowadays this is a very busy theme with respect to 

the environment. Authors Alexandra Končalová and Alena Dubcová are focused on The development of 

recycling in the waste management concentrate the development of waste recovery in the Slovak Republic 

with emphasis on its regional differences [1]. Authors DengyeXun, Han Hao, Xin Sun, Zongwei Liu, Fuquan 

Zhao at article titled End-of-life recycling rates of platinum group metals in the automotive industry: Insight into 
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regional disparities [2] talk about the unavailability of natural resources in relation to precious metals and the 

need for recycling materials that contain these rare metals. They are also dealing with regional differences in 

recycling materials that mentioned rare metals contain. Authors George Asimellis, Nikolaos Michos, Ioanna 

Fasaki, Michael Kompits, in article titled Platinum group metals bulk analysis in automobile catalyst recycling 

material by laser-induced breakdown spectroscopy [3] have developed an application to detect noble metals 

in the catalyst. The application is based on a laser-induced spectroscopy. A true catalytic catalyst form in 

powder form was used to develop the application. This method requires approximately 1.5 minutes of the 

sample examination. The accuracy of noble metals can determine with a 3 percent deviation. Authors Yunji 

Ding and colleagues in article Highly efficient recovery of platinum, palladium, and rhodium from spent 

automotive catalysts via iron melting collection [4] designed a high-efficient technology to restore platinum, 

palladium, and rhodium by iron collection. Thanks to the same cubic structure focused on the structure, it is 

used as a collector because iron and noble metals can form a continuous solid solution. Another authors from 

recycling car catalysts are Lucas Gonçalves da Silva, Rodolpho Faria Dias de Almeida, Vinícius Marinho Silva 

Faustino, Pedro Américo Almeida Magalhãe Júnior [5].  Many authors deal with different options and recycling 

methods of car catalysts in their studies. In article Platinum Recovery from Hydrometallurgical Residue of 

Waste Automotive Catalysts Processing by High-Temperature Smelting Process [6], authors Chuan Liu, 

Shuchen Sun describe the hydrometallurgical method of recycling at high temperature. This method is also 

described in our article. 

2. AUTO CATALYST HISTORY 

Although the environmental pollution affects a number of factors such as. Discharge of harmful substances to 

air from individual production undertakings, oil mining, agriculture, waste disposal and so on. With the 

development of the automotive industry, the production of exhaust exhausts discharged into air is gradually 

increased, and the environmental pollution was increasingly in increasingly. For this reason, a solution started 

to remove this pollution. At the same time, the effort to reduce the environmental pollution legislatively treated 

through emission standards. The development and installation of a technical equipment called the catalyst into 

the exhaust system was achieved reduction in emission by means of transport. In the 1970s, he started to 

install the car catalyst. In 1974, started in the UK first production of automotive catalysts in the world. A year 

later, the first US catalysts appeared. In 1976, as the first used today used a three-way catalyst with a lambda 

probe was Volvo. In 1985, the first cars with exhaust catalysts, at that time used in the US for several years, 

receives to Europe [7]. 

2.1. The importance and division of automotive catalysts 

Automobile catalyst is a technical device mounted in the exhaust system of the car. It is defined as a substance 

that reduces the activation energy needed to respond and accelerates it. After completion of the reaction, the 

catalyst has the original chemical composition of the catalyst to convert toxic agents such as carbon monoxide, 

HCx hydrocarbons, and NOx nitrogen oxides, resulting from an imperfect combustion process in the engine 

cylinders, almost harmless substances such as carbon dioxide CO2, nitrogen N2 and water steam H2O, with 

noble metal - platinum, rhodium and palladium that have catalytic effects. The outer side catalyst reminds the 

conventional exhaust silencer. The interior construction of the catalyst is very different from structurally. It 

consists of a steel shell, a ceramic, or a metal carrier on which noble metals are applied as platinum, rhodium, 

palladium, metal fibre and the lambda probe is also part of the catalyst, serving the correctness of the mixed 

fuel mixture. The most important part of the catalyst is its active part, ceramic, or metal carrier on which are 

applied - steamed noble metals Platinum, Rhodium, Palladium [7]. 

Division of catalyst:  

 Oxidizing - when oxidation is changed - oxidizes CO2 and Cx H to H2O and CO2.  
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 Reducing - nitrogen NOx ingredients are reduced to Nx and CO2 during combustion, exhaust gases 

are introduced back into combustion space. Cooled are bred back into the combustion chamber and 

thereby reducing Nx emission.  

 Three-way - It can dispose of all three harmful substances CO, CxHyNOy.  

 Self-regenerating - the most unique type with perovskite structure [8]. 

 

Figure 1 How catalysator works 

3. METHODS OF PROCESSING USED CATALYSTS 

Stronger legislation Ticking emission limits of exhaust gas vehicles and automotive industry status Guarantee 

stable interest in new catalysts, and also increasing interest after platinum, rhodium and palladium. For the 

same reasons, it is also interested in amortized catalysts. The catalyst operating temperature is about 250 ° C. 

The metal carrier base catalysts reach this temperature under a short period of time than ceramic catalysts. 

This is an important factor because when the catalyst is heated to operating temperature, a large amount of 

exhaust emissions is produced. At extreme temperatures, metal catalysts have better physical and chemical 

properties than ceramic catalysts. The unique cylindrical and corrugated construction allows them to better 

withstand excessive vibration and constant repetition of temperature changes. 

Along with stricter exhaust emission limits, the content of platinum, palladium and rhodium in automotive 

catalytic converters is also increasing. The two-way catalyst contains 0.04 % by weight of platinum and 

0.015 % by weight of palladium, the three-way catalyst contains 0.08 % by weight of platinum, 0.04 % by 

weight of palladium and 0.005-0.007 % by weight of rhodium. palladium and rhodium economically significant. 

Properly organized, the collection and recycling of auto catalysts can be, and indeed are, a significant 

secondary source of platinum, palladium, and rhodium in advanced western economies [9]. 

 

Figure 2 Exhausted catalyst processing technology scheme 
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We can divide the processing of exhausted catalysts into two basic methods:  

1) Pyrometallurgical method 

2) Hydrometallurgical method 

a) Pyrometallurgical method: 

There are many ways to recover precious metals from depleted auto-catalysts. Pyrometallurgical methods for 

the recycling of platinum metals use as a collector the collection of metals, especially iron and copper. The 

pyrometallurgical method can be divided into 2 parts: 

 Plasma melting: 

In the recycling of catalysts by plasma melting, the catalyst is subjected to crushing and grinding, the batch is 

supplemented with a mixture of Fe + FeO, melted in a plasma furnace at a temperature exceeding 2000 ° C. 

This is followed by the separation of the molten slag and the next iron-containing phase with concentrated 

platinum metals. The iron alloy is then dissolved in an aqueous solution of sulfuric acid with aeration. 

Undissolved platinum metals are filtered off, the filtrate is neutralized. 

 Melting in EOP (electric arc furnaces): 

When melting with copper, the catalyst is, after mechanical treatment, including crushing and grinding, together 

with copper carbonate, silica, calcium oxide and iron oxide in a special electric furnace at temperatures of 

1600-1800 degrees Celsius.The melt is divided into slag and an alloy of platinum metals with copper. The 

copper alloy is dissolved in an aqueous sulfuric acid solution using air as an oxidant. Copper carbonate is 

recovered by precipitation with sodium ash. The cooled solution is filtered. In recent years, pyrometallurgical 

methods have focused on smelting with copper as the collecting metal and on plasma smelting technology, 

which uses iron as a collector. It is necessary to use hydrometallurgical processes to obtain precious metals 

from an alloy with a collecting metal. We can therefore speak of these recycling technologies as combined 

processes. The process of recycling platinum metals pyrometallurgically is shown in Figure 3 [10] 

 

Figure 3 Recycling diagram for pyrometallurgical procedure 
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b) Hydrometallurgical methods: 

Several processes have been designed and patented for the processing of auto catalysts. In hydrometallurgical 

processing, the noble metals leached with salivic acids and subsequently the leachate containing noble metals 

are purified by chemical precipitation or cementation. The pure leachate is further processed into metal, into a 

chemical concentrate of precious metals or by other methods (adsorption, ion exchange, extraction). The 

disadvantages of hydrometallurgical methods are the loss of metals, especially rhodium in wastewater, and 

the problem is also the formation of aluminum sulphate as a by-product. 

The hydrometallurgical treatment of catalysts is preceded (during the treatment of catalysts by acid leaching 

and chlorination) by calcination at a temperature of approx. 500 - 600 ° C, where organic residues of petrol 

and oils are burned. Unburned carbon residues of gasoline and oils stick to the pores of the catalysts, 

preventing the penetration of leaching solutions into the pores and thus reducing the yield of the obtained 

metals. 

 

Figure 4 Hydrometallurgical method processing scheme [8] 

The catalyst in the form of pellets is dissolved in sulfuric acid after mechanical treatment. to obtain an almost 

neutral solution (catalyst is in excess). The leachate from the leaching of catalysts is treated by cementation 

with aluminum in the presence of tellurium dioxide. The resulting aluminum sulfate is used to treat water. The 

solid phase from the cementation is mixed with insoluble residues from the primary leaching and dissolved in 

HCl + CL2. Platinum metals are deducted from this solution by sulfur dioxide in the presence of Te, which acts 
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as a collector. The reduced solution is filtered hot, the platinum metals and, after cooling, the lead chloride are 

filtered off. Hydrochloric acid HCl is recycled. The procedure for treating the catalyst by acid leaching is shown 

in Figure 4. 

Hydrometallurgical methods include acid leaching of whole pellets, or selective leaching of noble cocci. This 

is followed by refining of the extract and its processing, most often by pressure reduction or precipitation. They 

are among the most excited. In addition to the above-diluted conventional technological procedures, research 

work is aimed at discovering alternative methods. Fast, accurate and correct quantitative determination of 

platinum metals in automotive catalysts is a must for laboratory researchers and industrial practitioners. 

4. IMPORT AND DEMAND OF VALUABLE METALS IN THE WORLD 

The metals from the platinum group are used in many different industries, for example dental, jewellery, and 

chemicals. Nevertheless, the most important use is based on their catalytic properties. Approximately 50 % of 

platinum and palladium are used as automotive and industrial catalysts. In case of rhodium, an even higher 

percentage (around 80-90 %) is used as an alloying element in the active layer of different catalysts. The high 

required amount of 300-900 kg of treated ore to obtain approximately 1 g of PGM is responsible for the high 

prices. On average, the contents in the ore of Pt and Pd are 5-10 times higher than Rh and Ru and around 50 

times higher than Ir and Os.  

Additionally, the regional limitation of ore bodies leads to a strong dependence on mainly South Africa and 

Russia as PGM suppliers. Based on the strong discrepancy in supply and demand of PGM’s around the world, 

recycling of catalysts is mandatory and meaningful from the ecological and economical point of view. Based 

on the high prices of PGM, the industry is forced to improve the efficiency of catalysts, which is done by 

improving the wash coat technology. By using rare-earth elements, like cerium oxide, the surface can be 

increased and the ability to supply oxygen is secured. As a side effect, cerium as an additional critical element 

is introduced into the recycling circuit of catalytic converters, forming a further valuable component and forming 

a major challenge for common pyrometallurgical converter recycling [12].  

First, like shown in Figure 5, a strong discrepancy of suppliers (mainly Africa and Russia) and consumers 

(Europe, China, Japan, and North America) exists. Worldwide reserves of PGM are estimated by the U.S. 

Geological Survey (USGS) in 2013 to be present to 95 % in South Africa, 1.6 % in Russia, and the remaining 

2.8 % in the rest of the world2 underlining the strong dependence on Africa’s supply. Due to the presence of 

permafrost soil in Russia and deep mines in Africa, the processing of the ore is cost intensive. A peak in 

demand cannot easily be compensated, for instance in the case of Russia, because their PGMs are produced 

as a by-product of nickel. Russia would have to increase their production of nickel, leading to a higher supply, 

and thus to a lower price for their main product (nickel), to increase the PGM production [13]. 

A somewhat similar case, even more drastic, can be found around rare-earth elements. The element cerium 

is of interest in this context due to its utilization in the wash coats of catalysts. By 2005, China accounted for 

96 % of global rare earth production, including more than 99 % of heavy rare earth oxides. In 2008, the 

production of rare-earth elements peaked, accounting for 97 % 4 of global production. Slowly, the rest of the 

world is trying to open new resources to become more independent, but the chemistry is complex, and the rest 

of the world will have its main impact on light rare earths, like cerium, and not on the heavy ones, where a 

strong dependence will remain. 

A second reason for price peaks is the fact that, as shown in Figure 5, the main utilization area of platinum 

and palladium as well as cerium and rhodium is the automotive industry in form of catalytic converters. 

Statistical data show that around 55 % of palladium and platinum are used in automotive catalysts (40 % of Pt 

and 67 % of Pd), which makes it clear why the supply is strongly dependent on the automotive market [12]. 



June 15 - 17, 2022, Bojnice, Slovakia, EU 

 

 

278 

 

Figure 5 Platinum, palladium, and rhodium supply (a) and demand (b) by region and their development 

since 2000 
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5. RESULTS AND DISCUSSION 

Initially, uncontrolled oxidation and reduction catalysts were used in mixture preparation equipment without 
electronic control. The advent of electronics brought with it a more precise regulation of the composition of the 
mixture with the advent of a three-way oxidation-reduction catalyst. The catalyst with a ceramic support used 
mainly due to the low price is in decline. Today, a metal-supported catalyst is increasingly preferred. 

With the ever-tightening legislation on emission limits and the position of the automotive industry, there is a 
growing interest in new catalysts, and so is the consumption of platinum, palladium and radio. Due to the yield 
of these metals obtained by recycling catalysts, it is economically advantageous to thus obtain platinum metals 
from spent catalysts. These represent a significant secondary source of precious metals. 

Within Central Europe and the European area, in connection with the creation of this article, it was not possible 
to find a suitable database that would specify the purchase and consequence of the recycling of car catalytic 
converters from ordinary users. The Slovak Republic and its statistical office do not keep a database on the 
purchase of catalysts. This fact is slightly worrying about the environment. On the positive side, there is a 
company on the world market that has developed the Eco Cat application, where the application, with its 
20,000 different catalysts that have been inventoried and awarded so far, is an ever-growing database that is 
fast becoming the search standard for the industry. The Ecotrade Group has been a recognized leader in the 
ecological and ethical recycling of catalysts in Asia for more than 15 years, using state-of-the-art recycling 
technologies and a huge network of industrial partners. 

Hydrometallurgical and pyrometallurgical methods are used among the existing methods of recovering noble 
metals from depleted catalysts. 

There is currently an effort to develop new methods for recycling and separating precious metals. 
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Abstract 

This paper is devoted to the specific transport of companion animals. There are issues to be resolved regarding 

animal transportation and the logistics process related to commercial and non-commercial transport. General 

requirements for the movement of pet animals within the Union have proved to be an unjustified administrative 

burden and cost. Specific rules should therefore apply differently to the commercial and non-commercial 

movement of pet animals within the Union. The paper presents the difference between non-commercial and 

commercial transport of companion animals. The paper's main goal is to present the veterinary border control 

as a key factor in ensuring that both live animals and animal products entering the EU are safe and meet the 

strictly harmonized import conditions laid down in the Union legislation [1]. 

Keywords: Transport, animals, legislation, Border Control Posts 

1. INTRODUCTION 

For centuries, mainly dogs and cats were considered pets, but in today's modern times, the list of these animals 

is enlarged. In terms of legislation, we also include, for example, ferret, rabbit, ornamental fish and other 

animals. Keeping pets at home, both indoors and outdoors, for purely private purposes generally presents a 

lower health risk than other forms of keeping or moving animals on a larger scale, especially those kept in 

agriculture, animal shelters and animal transport. General requirements for the movement of pet animals within 

the Union have proved to be an unjustified administrative burden and cost. Specific rules should therefore 

apply differently to the commercial and non-commercial movement of pet animals within the Union. 

Why do we export and relocate live animals? Many justifications are given for exporting live animals. Every 

year, billions of animals are overcrowded in ships, trucks, cars, trains on their way to slaughter, new owners, 

breeders etc. Many animals succumb to stress and disease and die before reaching their destination. Journeys 

across countries are long, and sometimes it can be over a month. Live animal export has many repercussions 

that have a long-lasting negative impact on animals, humans, and the environment [2]. 

Commercial transportation in Europe is regulated by the Council Regulation (EC) No. 1/2005, which regulates 

the maximum journey time in the different species. A consignment of live animals or animal products can only 

enter the EU if it has satisfactorily undergone the specific checks, and Common Health Entry Documents 

(CHED) are issued from TRACES (Trade Control and Expert System). 

The paper's main goal is to present the veterinary border control as a key factor in ensuring that both live 

animals and animal products entering the EU are safe and meet the strictly harmonized import conditions laid 

down in the Union legislation [3]. 
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2. MATERIALS AND METHODS 

Methods of scientific investigation and writing procedures was used in the work, with the theoretical writing 

procedure playing the most important role. Analytical and comparative methods, are used as part of this 

procedure to clarify the issue. Methods of transporting live animals were analysed and compared. The currently 

valid European legislation regarding the transport and border veterinary control of animals was reviewed. We 

used the information that came from annual reports provided by the Slovak Republic's State Veterinary and 

Food Administration, literary sources, and websites, for analyses. 

3. NON-COMMERCIAL VS COMMERCIAL TRANSPORT 

What is the difference between non-commercial and commercial transport? Non-commercial transport is when 

you travel with your pet to any country, while commercial is when the pets travel with their keeper to be sold 

or transferred to a new owner [4]. 

Non-commercial transport: 

 Pet owners or an authorized person must accompany the pet during the journey. 

 If the pet is travelling unaccompanied, pet owners must travel to the destination EU member country 
five days earlier or five days later than the pet transport.) 

 When the dog or cat reaches the destination country, they are not intended for sale or transfer to another 

owner. 

 The number of pets must not exceed five during a single movement. The number of pets travelling can 
be more than five only if the travel is to participate in a show, competition or sporting event. The pet 

parent has to submit written evidence to prove the same. 

Commercial transport: 

 The dog or cat travels to be sold or transferred to a new owner in the destination EU country. 

 The number of dogs and cats accompanying a keeper is more than five. 

 The dog or cat travels more than five days earlier or later than the pet owner or keeper. 

 Pets that travel within commercial transport require a health certificate endorsed by an authorized 

government official within 48 hours of the pet's travel date.  

Movements for commercial purposes are not limited to the immediate exchange of money for goods or 

services. It is related to economic activity and directly or indirectly aims to achieve financial gain [5]. 

Less strict rules for movement can be accepted when animals accompany their owner and if a maximum of 

five animals are transported simultaneously. More than five pets may accompany the owner to ensure that 

pets do not present a significant risk of spreading transmissible diseases. Those rules are provided in 

Regulation (EU) 2016/429 of the European Parliament and of the Council on the 9 March 2016 on transmissible 

animal diseases and amending and repealing certain acts in the area of animal health ('Animal Health Law') 

[6]. 

Long-distance transportation is a welfare concern because it may cause animal sickness or death. Commercial 

transportation in Europe is regulated by the Council Regulation (EC) No. 1/2005, which regulates the maximum 

journey time in the different species. After this time, animals must be unloaded for resting, watering and feeding 

at control posts where Official Veterinarians have to check their health [7].  

A consignment of live animals or animal products can only enter the EU if it has satisfactorily undergone the 

specific checks, and Common Health Entry Documents (CHED) are issued from TRACES (Trade Control and 

Expert System). TRACES is a centralized database which allows monitoring of live animals and animal 

products checked at the Border Control Posts (BSPs). It may automatically exchange data on import controls 
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with customs authorities. The European Commission's online platform for sanitary and phytosanitary 

certification required for importing animals, animal products, food and feed of non-animal origin and plants into 

the European Union and the intra-EU and EU exports of animals and certain animal products. 

4. BORDER VETERINARY CONTROL - BORDER CONTROL POSTS (BCPS) 

Veterinary border control is key in ensuring that both live animals and animal products entering the EU are 

safe and meet the strictly harmonized import conditions laid down in the Union legislation. The imported live 

animals and animal products present the highest risks as they can transmit serious human and animal 

pathogens, causing diseases. Therefore, it is necessary to have the specific controls at their entry point, which 

are called Border Control Posts (BCPs) [1]. 

A Border Control Post is an inspection post designated and approved in line with EU legislation for carrying 

out checks on animals and animal products arriving from other EU countries and third countries at the EU 

border. These checks are carried out to protect animal and public health and animal welfare. It is a key factor 

to ensure that the live animals and products of animal origin entering the European Union is safe and meet the 

specific import conditions laid down in the Community legislation. 

While entering the country, the inspectors of BCPs must provide mandatory inspections, including a 

documentary, identification, and physical inspection to verify that animals and animal products comply with 

their certificates and meet the import conditions. In the case of animal products, a reduction of a physical check 

is applied, which may include picking of laboratory sampling. 

If the consignment has satisfactorily passed these inspections, a common veterinary entry document (CVED) 

is issued, which allows the products to be released for free circulation. There is close cooperation between the 

veterinary and customs authorities at this level. They will not allow the release of animals and animal products 

unless the CVED is issued and signed by a veterinary inspector. In 2020 a total of 2026 consignments of 

animal products and 45 consignments of animals were imported from third countries to the Slovak Republic. 

In the Slovak Republic, only approved stations can provide such control. The divisions are as follows: 

 Vysne Nemecke: 

- Inspection Centre for Animals - “U” ungulates, registered “E” horses, “O” remaining animals  

- Inspection Centre for Animal Products - inspection of animal products intended and not intended for 

human consumption, including selected products of plant origin, at a low frequency per year (all 

temperature modes). 

 Cierna nad Tisou: 

- Inspection Centre for Animal Products - inspection of animal products intended and not intended for 

human consumption, including selected products of plant origin, at a low frequency per year (all 

temperature modes). 

 Bratislava - Airport  

- Inspection Centre for Animals - registered "E" horses, "O" remaining animals.  

- Inspection Centre for Animal Products - inspection of animal products intended and not intended for 

human consumption, including selected products of plant origin, at a low frequency per year (all 

temperature modes). 

3.1. Control of pet animals in the Slovak Republic 

List of entry points for pet animals in the framework of non-commercial contact on entry from third countries: 

- Road border crossing: Vysne Nemecke, Ubla, Velke Slemence 
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- Railway border crossing: Cierna nad Tisou 

- Airports: Bratislava, Kosice, Poprad, Zilina, Piestany, Sliac 

Information obtained by Custom offices during 2020 (Table 1). 

 Bratislava - 25 transport vehicles controlled, 28 pet animals identified (20 cats, 8 dogs) without 

deficiencies, 

 Cierna nad Tisou - 9 transport vehicles controlled, 9 pet animals identified, 

 Vysne Nemecke - 405 transport vehicles controlled, 745 pet animals identified, 

 Ubla - 194 transport vehicles controlled, 194 pet animals identified, 

 Velke Slemence - 66 passports (veterinary certificates) for pet animals controlled. In 4 cases, the pet 

animals were not allowed to cross the border due to the lack of deficiencies in the passports,  

 Michalovce - 674 transport vehicles controlled, 1014 pet animals identified. In 4 cases, the pet animals 

were not allowed to cross the border due to the lack of deficiencies in the passports. 

In 2020, there was no case of returning the pet animals during non-commercial movement due to not submitted 

veterinary certificates. Only 8 cases of irregularity were recorded. 

In 2020, the 3358 certificates were issued to third countries. Out of these 1704 certificates were for live animals 

and germinal products, 1654 certificates were issued for animal products. All deficiencies found during spot-

check inspections had to be removed before the certification occurred. 

Controls during the transport are carried out in cooperation with the Police of the Slovak Republic. 

Table 1 Controls of pet animals during transport  

Control at place Number of vehicles Number of Animals Passport control/deficiencies 

Bratislava 25 28  

Cierna n. Tisou 9 9  

Vysne Nemecke 405 745  

Ubla 194 194  

Velke Slemence   66/4 

Michalovce 674 1014  

The transport of pet animals can represent a risk to their socialization and health. Such a risk is different for 

companion animals compared to the livestock or slaughter animals, where contact with humans is not so close. 

Therefore, the transport of animals is more demanding, especially in connection with the elimination of stress. 

It is easier for the EU citizens and their dogs, cats, ferrets or other pets to travel within the Union, as all the 

rules of travelling are harmonized, and the free movement can be enjoyed. It is possible thanks to high 

advances against rabies and strict vaccination rules. For the movement between EU countries or non-EU 

countries, vaccinations against rabies must be documented in pet passports or health certificates [8]. 

Of course, there are some exceptions as is, for example, the current situation in Ukraine when for fast dealing, 

the travellers are obliged to fill up Permit forms:  

 The entry of dogs, cats and ferrets into the Slovak Republic does not meet the conditions set out in 

Commission Implementing Regulation (EU) no. 2021/403  

 For the transit of dogs, cats and ferrets through the Slovak Republic, which do not meet the conditions 
set out in Commission Implementing Regulation (EU) no. 2021/403 
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After arriving at the final destination in the EU, the pet owner must report the place of residence to the 

competent veterinary authority. [9]  

The transport of live animals is demanding and labour intensive. The transport of pets requires careful planning 

and friendly handling. Transport can be very stressful for any animal and may expose them to many adverse 

effects on their welfare [10]. The most common and severe problems are the various ways of transport, which 

can lead to overcrowding (failure of the capacity in transport container), animals are not enough protected from 

the weather, suffer from a lack of food and water, and finally, there is also a lack of time to rest. 

Nowadays, many companies are devoted to animal transport. They try to relieve the owners and breeders of 

pets from the whole transport process. This requires carefully planned logistics, security and friendly handling 

[11]. They provide different logistic services, for example: 

- Advice and assistance in legal standards for the import and export of live animals, from the 

preparation as well as during the entire transport period till their destination point; 

- Border veterinary inspection / Border control Posts;  

- Customs clearance (documents control); 

- Applications for permits and reservations for the quarantine of live animals;  

- Rental of shipping containers and boxes. 

Animal welfare is the most respected and defended within the EU Member States and is an example for the 

rest of the world. The EU has some of the highest animal welfare standards in the world. Well-planned logistics 

can bring maximum flexibility and speed. The entire transport process must be managed and controlled by 

Logistic-Controlling-permanent information about the condition of the transported object [12]. 

5. DISCUSSION 

It should be noted that veterinary border control is an important factor in ensuring that live animals and animal-

derived products entering a country are safe and meet the specific import/transit conditions imposed by 

legislation. Veterinary border checks necessitate a comprehensive legal framework as well as competent and 

credible veterinary services at both the central and border post levels. Border Inspection Posts (BIP) are 

located on the external borders of European Union member states (EU). The only BIP in Luxembourg is located 

at the Cargo Center at Luxembourg Airport, which also serves as the country's only border entry point with 

third countries. Imported live animals and animal products pose the greatest risk because they can transmit 

serious human and animal diseases or carry other risks. As a result, they must be subjected to special controls 

at their point of entry. A consignment of live animals or products of animal origin should only enter a country if 

the specific veterinary checks have been completed satisfactorily and a "Veterinary Entry Document" has been 

issued for release into free circulation. From the annual report published by the SVFA (State Veterinary and 

Food Administration), there were no cases of pet animals being returned during non-commercial movement in 

2020 due to a lack of submitted veterinary certificates. Only eight instances of irregularity were documented. 

Third-country certificates were issued to 3358 countries in 2020. 1704 certificates were issued for live animals 

and germinal products, while 1654 certificates were issued for animal products. Before certification, all 

deficiencies discovered during spot-check inspections had to be corrected. Unfortunately, we did not find any 

specific information that could be used in the discussion, for comparison with Slovak border controls. 

6. CONCLUSION 

Animal transport can be commercial and non-commercial. It is all regarding the live animal species and their 

future use (slaughter animals, pets, from a zoo to zoo, …). Based on this, different types of certificates are 

needed and requested. Also, different types of transport can be used, such as motor vehicles, aeroplanes, 

trains, ships, etc. Commercial transport means transporting dogs, cats and ferrets for sale, marketing 
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purposes, and possession to another owner. It does not apply to a movement within the territory of the Slovak 

Republic. Non-commercial transport means transporting dogs, cats, and ferrets to accompany their owner or 

holder for a different purpose, for example, vacation, sports, or visit. The conditions under which the animals 

can be transported are regulated in the European Regulation on the Protection of Animal during Transport. 

The following research will aim to continue our research and compare it to other countries' legislation because 

there are no specific rules for transporting companion animals in cars (if there is any). 
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Abstract  

This paper addresses places with reduced speed in road transport, such as railway crossings, signalized 

junctions, roundabouts, and pedestrian crossings, and the importance of their number in deciding on 

municipality bypasses. Based on an assessment of 10 existing bypasses in the central part of the Czech 

Republic, bypasses have been divided into 3 groups depending on the importance and size of municipalities. 

The importance of the proposed indicator - the number of places with reduced speed divided into groups - is 

explained here. Possible use is illustrated on a case study of a planned bypass of Ústí nad Orlicí validated by 

a four-tier transport model. 

Keywords: Municipality, road bypass, speed, transport model 

1. INTRODUCTION 

The need to eliminate places with reduced speed has been identified as a way to increase the quality of railway 

logistic processes [1]. This mainly involves the elimination of railway crossings on regional railway lines and, 

by extension, the introduction of grade separation structures on TEN-T lines. The aim of this paper is to test a 

similar approach on road bypasses of municipalities. The idea behind it is the fact that even though bypasses 

are sometimes longer, they offer a shorter travel time and greater driving comfort.  

Using server [2], 5 existing bypasses have been analysed in the wider conurbation of Hradec Králové and 

Pardubice (Chrudim+Slatiňany, Třebechovice pod Orebem, Holice, Hořice, Vamberk). The greatest route 

extension was by 23.1 % (Vamberk). By contrast, the Hořice route was shortened to 71.1 % of the original 

length. However, in all cases, the travel time was reduced - to a maximum of 33.3 % (Hořice), and to a minimum 

of 75.0 % (Vamberk) of the original duration.  

For comparison, 5 more bypasses have been analysed (Nymburk, Kolín, Čáslav, Golčův Jeníkov, Habry) on 

road No. I/38 not far to the south-west of the conurbation in question. Here, the maximum route extension is 

by 9.3 % (Čáslav), and the greatest route reduction is to 92.6 % of the original length (Kolín). As for travel time, 

the greatest reduction (to 40 % of the original value) was in Kolín, and by contrast, in Nymburk the travel time 

is comparable to the original one.  

It follows that a bypass can reduce the travel distance if there are favourable space and terrain conditions. In 

other cases, for a bypass to be attractive, it needs to bring greater driving comfort. In addition to a higher speed 

limit, what contributes to this attractiveness is the elimination of places with reduced speed. Places with 

expected speed reduction include railway crossings, signalized junctions, roundabouts, and pedestrian 

crossings.  

Analysing the current state of art, it is obvious that road bypasses have been dealt with by several authors. 

For instance, the author of article [3] even makes a structural assessment of the Wellington Inner City Bypass 

(Wellington, New Zealand) in relation to a possible impact of an earthquake. Article [4] deals with the 

relationship of a bypass and possible pollution reduction in Vilnius (Lithuania). Specifically relying on a case 
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study of Badajoz (Spain), article [5] focuses on modelling the impact of bypasses of small and medium cities 

without congestions. This article also states that for bypasses, it is appropriate to consider high-capacity roads 

allowing for a reduction of travel time. Paper [6] represents an economic perspective, featuring a cost-benefit 

analysis of the bypass of Prešov (Slovakia). This brief analysis of the current state of art shows that the authors 

of the individual papers often take quite different, and often partial points of view on bypasses. A positive role 

of transport models has been mentioned as well (for instance in [5]). Our approach focusing on a specific 

aspect - the elimination of places with reduced speed using modelling - is in line with this.  

In the case study part, this paper deals with transport modelling in Ústí nad Orlicí and its immediate 

surroundings, taking into account the planned realignment of road No. I/14 (city bypass). The transport model 

is based on an analysis of the current state of roads in Ústí nad Orlicí and transport on these roads. The 

motivation for these proposals lies in the expected problems connected with the construction of the city bypass 

(costs, land grabs, popular resistance). The aim of this paper is to create a transport model of Ústí nad Orlicí 

and to assess the changes in road transport after the planned city bypass has been constructed. 

In methodological terms, the subject of this paper is the comparison of a LOGIT model applied within traffic 

assignment for route selection with the possibility to express driving comfort using the number of places with 

reduced speed. This is illustrated on a situation analysis of 5 existing bypasses in the conurbation of Hradec 

Králové and Pardubice or in its close surroundings; and of 5 adjacent bypasses on I/38 next to this conurbation; 

and, based on the above-mentioned model study, of a bypass yet to be built on I/14 in Ústí nad Orlicí. 

2. GENERALIZATION OF MOTIVATIONS FOR THE USE OF BYPASSES 

Discussed in the introduction, the relationship between travel distance, travel time, and driving comfort can be 

generally expressed by equation (1), calculating the travel times on the individual route variants 1 ∈ �.  

�� � vw∙yE
HE + ∑ V��∈zE    ∀1 ∈ �             (1) 

where: 

Ti - travel time on travel route 1 ∈ � (min) 

Li  - length of travel route 1 ∈ � (km) 

Vi  - average travel speed on route 1 ∈ � (km∙h-1) 

tj - extra time related to time loss at a place with reduced speed of d ∈ |� (min) 

Ji - set of places with reduced speed at the route of 1 ∈ � 
Considering that not all drivers select a route (on the bypass, through the city centre) with a shorter travel time, 

a LOGIT model can be applied. Based on equation (2), this method allows for dividing the traffic flow into non-

identical parts, taking into account the travel times on all route variants and the parameter expressing 

willingness to selection of more expensive variants (Φ). 

Q� � }M~�E
∑ }M~�FF∈�

     ∀1 ∈ �              (2) 

where: 

Pi - probability that the travel route 1 ∈ � will be selected by an individual driver (-) 

Ti - travel time on travel route 1 ∈ � (min) 

Tj - travel time on travel route d ∈ � (min) 

Φ - parameter expressing willingness to selection of more expensive variants (-) 
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3. CHARACTERISTICS OF SELECTED CASES (BYPASSES) 

As already mentioned in Section 1, 10 existing bypasses in the central part of the Czech Republic have been 

analysed as a basis for a proposed solution. This sample includes different small and medium-sized 

municipalities from 1.3 thousand (Habry) to 31.5 thousand (Kolín) inhabitants and bypasses with a length from 

2.4 km (Habry) to 11.4 km (Chrudim). 

The analysed set of bypasses can be divided by municipality size - or importance, for that matter - into 3 groups 

(Table 1). They can be divided into bypasses of a) small municipalities, b) medium-sized municipalities, and 

c) local centres. 

Table 1 Subsets of road bypasses Source: Authors. 

Municipality type (group) 
Original route 

accessibility for transit 
Share of transport 

on the original route (%) 
Parameter Φ  

of the LOGIT model (-) 

a) small No 0-10 - 

b) medium-sized Yes 10-45 0.29-0.39 

c) local centre Obligatorily > 45 - 

Even though it is not possible to justify the division into groups by mathematical statistics (low range of data), 

from a technological point of view, the share of transport on the original route can be described in a way 

provided for in Table 1.  

Materials [7] only include absolute values of traffic flow intensities. Unfortunately, there is no division into 

source (target) and transit transport, which would allow for a correct interpretation of using the LOGIT model 

in modelling the route selection. However, it is possible to take an approach of lower granularity, to extend the 

perspective and apply the LOGIT model on the total values of traffic flow intensities regardless of the journey 

types. The conclusion is that this approach is indeed possible, but its accuracy is limited, as expected.  

In some cases, especially for the small municipalities in a), there is not enough source data for the application 

of this method (no available intensities established in the built-up areas of these municipalities). This leads to 

a further deepening of ambiguity. For local centres, the traffic volume on the original route sometimes even 

approaches the volume of transit transport on the bypass or is even greater. This renders the use of the LOGIT 

model irrelevant, and as such, the values of Φ have not been calculated for a) and c) in Table 1. 

Table 2 Counts of places with reduced speed on original route / on bypass (-). Source: Authors based on [2] 

Municipality Railway crossings Roundabouts Signalized junctions 
Pedestrian 
crossings 

Chrudim+Slatiňany 2/0 4/0 6/0 12/0 

Holice 1/0 1/0 0/0 7/0 

Třebechovice p. O. 2/0 0/0 0/0 9/0 

Vamberk 1/0 0/2 0/0 4/0 

Hořice 1/0 0/0 0/0 1/0 

Nymburk 0/0 4/1 1/0 16/0 

Kolín 1/0 2/0 4/0 9/0 

Čáslav 2/0 2/0 2/0 14/0 

Golčův Jeníkov 1/0 1/0 0/0 9/0 

Habry 0/0 0/0 0/0 2/0 
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On the given level of granularity, it might be more efficient to characterize the different places with reduced 

speed and assess the overall attractiveness of the bypass based on their number (Table 2). Once again, there 

is one more simplification slightly reducing the informative capability of the results, but simplifying the data 

collection and bringing greater objectivity, to a certain extent. This simplification lies in replacing the time loss 

at a place with reduced speed tj by the number of these places. 

As for Table 2, it is to be noted that the bypasses mentioned there were built at different times, and the number 

of places with reduced speed was identified based on the status quo (using [2]). This can be the reason for 

the relatively low number of places with reduced speed for instance in Habry, a city with a bypass which has 

been long in operation. In some cases, new places with reduced speed can appear on bypasses as well. 

However as can be seen from Table 2, there is only very few of these and in the set of bypasses examined, 

these are roundabouts connecting the original and new infrastructure. 

4. ÚSTÍ NAD ORLICÍ CASE STUDY - APPLICATION ON A PLANNED BYPASS 

Having 15.3 thousand inhabitants and being a local centre, Ústí nad Orlicí is located about 150 km to the east 

from Prague.  

I/14 runs through the city, and there is no road bypass so far; however, one is planned in the north-south 

direction. The city lies in hilly terrain and as such, there aren’t many options as to possible bypass route 

variants. Ústí nad Orlicí can be assigned to group c) with an expected significant share of target and source 

transport and quite prominent use of the original route (today’s route of I/14) in the future as well. 

The expected bypass route will be 4.9 km long, with a travel time of 4 minutes. The current route is 5.2 km 

long, and the travel time is 7 minutes. Running through the wider city centre, the route is a through road 

including several lanes in some sections. There is a total of 5 signalized junctions and 4 uncontrolled pedestrian 

crossings. In the Czech context, it is quite remarkable that there is no roundabout on this route. There aren’t 

any railway crossings, either. 

For validation, a transport model can be used that was created at the authors’ department and with their 

participation as part of thesis [8], outside of the PositTrans project, though. This model includes a very good 

OD matrix of routing of traffic flows with emphasis on transit on I/14 in the north-south or south-north directions. 

This OD matrix contains nearly 6,900 journeys (vehicles). 

However, attention was paid to other transport directions as well, including the sources and targets of traffic 

flow journeys starting or ending in the city (city centre, hospital, shopping centres, employers, housing estates). 

As such, it is an ideal instrument for the validation of the proposed approach connected with the number of 

places with reduced speed. [9,10] 

As can be seen from Figure 1, transit transport and target transport (or source transport, for that matter) will 

probably be separated. Traffic intensity on the original route of I/14 will decrease (marked in green in Figure 1). 

However, considering the relatively low number of places with reduced speed (compared to other cities, such 

as for instance Chrudim+Slatiňany, Kolín, Čáslav) - especially of uncontrolled pedestrian crossings - together 

with the relatively insignificant shortening of the route through the bypass brings with it the risk that drivers will 

still be willing to use the through road.  

In a specific example, a section of the Královéhradecká street (part of the present I/14 route) was analysed in 

detail between the streets of M. R. Štefánika and Zahradní close to the city’s historical heart in the wider city 

centre. In the model, traffic flows have been examined in a total of 342 transport relations. 58 of them were 

running through the section mentioned above without the bypass, i.e., nearly 17 %. With the introduction of 

the bypass, this number dropped to 50, i.e., less than 15 % of the relations. On the other hand, the modelled 

traffic burden on this section dropped by nearly 41 % with the proposed bypass; specifically, from 2,192 to 

1,294 vehicles, i.e. by 898 vehicles per 2 hours of the modelled peak time. 
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Figure 1 Modelled change of traffic flows related to bypass in Ústí nad Orlicí (cars/2 hrs). Source: [8] 

The above-mentioned data is completely in line with the findings presented in the paper. According  

to the model, 59 % of traffic intensity will remain on the original route even though the bypass offers a reduction 

of the travel time by nearly 43 % (from 7 minutes to 4 minutes). The LOGIT model parameter takes a value  

of Φ = -0.12, which again confirms the ambiguity of its application on bypasses in group c) local centres. The 

negative value is due to the fact that the route offering a shorter travel time (the parameter considered) 

attracted less than 50 % of the demand. 

On the other hand, the relatively low number of places with reduced speed brings a potential risk that the 

bypass will not be as attractive for drivers (will not sufficiently increase the driving comfort) as might be 

expected. This can manifest itself indirectly as well, with drivers not willing to move activities they could 

potentially perform in other cities as well and still going to Ústí nad Orlicí during transit, even if it is not strictly 

necessary. 

5. CONCLUSIONS 

This paper has shown that defining places with reduced speed and determining their number (by type) on the 

original route (through a municipality) can serve as a meaningful indicator justifying the need of a bypass and 

the related theory of managing traffic flows in conurbations. 

The number of places with reduced speed can for instance be used for setting priorities as to the order of 

implementation of bypasses of different municipalities. It is clear that compared to four-tier modelling and the 

above-mentioned LOGIT model, this approach has a lower granularity. However, this is offset by a lower range 

of necessary data and their higher objectivity.  

The proposed bypass groups by municipality size (Table 1) have only been defined in outline. It is to be noted 

that for statistical validation, the range of necessary data would need to be much greater. From the points of 
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view of traffic and technology, the proposed approach does indeed provide some insight into the issue (see 

Table 2 or Section 4).  

What can also be mentioned in the discussion is the fact that the number of places with reduced speed can 

support decision-making in regard to the future use of the original route through the city built-up area. Where 

the number of places with reduced speed is low, their increase can be considered (e.g., adding new pedestrian 

crossings, roundabouts, etc.), partly with the aim to increase the attractiveness of the bypass. Nevertheless, 

mostly the results of the Section 4 model, but also the intensities established in Kolín and Nymburk show that 

such roads will not remain completely unused. Therefore, when considering the future configuration of original 

roads, it is necessary to look for a balance between securing the attractiveness of the bypass, the quality of 

servicing of other transport relations (including the source and target transport) using the original network - 

with excessive calming of traffic on these roads potentially leading to undesirable transfer of this traffic burden 

to other sections - and, last but not least, the comfort of movement of pedestrians and cyclists.  

The desired objective has been met and it can be assumed that places with reduced speed certainly are an 

important factor for both railway and road transport. 
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Abstract 

The main topic of the article is an ergonomic analysis by the RULA method on the assembly line in the company 

Schaeffler Skalica s.r.o. It is very important to know the very process of assembly in the workplace, which 

leads to knowledge of the shortcomings that appear in the performance of work. The analytical part also 

includes the maximum weight limits allowed for working with loads. Using the ergonomic RULA method, we 

analyze the working positions that were evaluated as the most critical and find out the results.  

Keywords: RULA, ergonomics, analysis 

1. INTRODUCTION 

We chose the RULA method because of its focus on the load and not the very suitable working positions of 

the upper limbs. The RULA method was performed in our case on working positions, which we evaluated as 

the most critical. In the presented article, we will focus on only one action of the employee, as the overall study 

of the workplace is more extensive in content. We also came to this conclusion about performing positions that 

are not very suitable from an ergonomic point of view on the basis of the methods that are part of the analysis. 

First of all, we carefully observed the work that operators do, i.e. we monitored their movements, also with 

what loads they work with, and we also noticed the comfort of the workplace. Table 1 contains the methods 

that were used to thoroughly evaluate the current state of the assembly line and the work performed by the 

employees [1,3]. 

Table 2 Selected methods 

Method Resources Method of analysis used 

Workplace observation Participation in the workplace Gaining knowledge and information 
about the workplace 

Documentation Video document Use of obtained resources for further 
processing for individual analyzes 

2. UNLOADING FLANGE UNITS FROM A PALLET 

At the beginning of the assembly process, the flange is unloaded from the pallet at station number one. At the 

beginning of the work, the pallet is full of flanges, which are placed in a cardboard box 80 cm high. The box 

contains a total of 138 pieces of flanges. In the Catia program, we simulated the working positions of the 

operator and then performed an analysis using the RULA method. In this case, we evaluated several 

movements, as the worker is no longer in an ergonomically very comfortable working position at the beginning 

of her activity, and the gradual removal of components from the box must reach lower and lower. However, 
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she does not perform very suitable positions during this time, so we have simulated several possibilities of job 

positions in which this operator finds herself during the performance of work [9]. 

2.1. First position when unloading from the pallet 

 

Figure 2 RULA analysis - position no. 1 

In Figure 1, after applying the analysis in the first position of the worker, where we entered the individual 

settings, the table shows the resulting values (Figure 1). The criterion specified in the program was that the 

employee was in a tilted position. The individually colored parts of the body give us a visual idea of the load 

on these areas, which greatly facilitates the assessment of working position. Based on these results, we also 

see a slight load on the torso. According to the resulting score in the table, we can see that the most stressed 

part are the arms and wrists. 

2.2. Second position when unloading from the pallet 

Figure 2 shows the worker at the shop window from the pallet in the second position, where, as we can see, 

there was a reduction in the number of components due to the assembly process. So a person in this position 

has to do more physical activity than before when the pallet was still full of flanges. 

 

Figure 2 RULA analysis - position no. 2. 
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Based on the data found in the table as well as according to the color of the individual parts of the body, we 

can see that a slightly loaded wrist is present, similar to the previous position (Figure 2). However, the neck, 

torso and legs of the worker are in critical values and not very suitable for health. For this reason, we think it 

is appropriate to consider improving workplace comfort or optimizations [8]. 

2.3. Third position when unloading from the pallet 

Based on our observations, we considered the number three position of the worker to be the most physically 

demanding. This statement was also confirmed to us by the analysis, as the worker has to make a considerable 

effort in unloading the flanges, which are located completely at the bottom of the pallet. Looking at Figure 3, 

we can see that the final score is 7. This means that the person who is in this position performs the work from 

an ergonomic point of view in the most inappropriate way and there is a risk of injury respectively health threats. 

 

Figure 3 RULA analysis - position no. 3 

Based on the simulated position, we see that the torso, neck and forearms are considered to be the most 

endangered. In these parts of the body, various health problems can occur due to overload, such as problems 

with intervertebral discs, carpal tunnel syndrome, etc. [2,4]. 

3. OPTIMIZATION PROPOSAL 

At the entrance to the process, we suggested the use of a tilting pallet truck when unloading components from 

a pallet. This type of handling technique is considered to be very efficient and flexible in performing daily work 

activities in production or operation. Its main advantage is working in suitable ergonomic conditions, where 

robust construction, long life and also low weight are its advantages. 

Our main goal of its use in the workplace was to eliminate the bending of the hull by more than 60 ° when 

unloading the flange unit. The function of tilting the truck to the right or left by 20 ° makes a significant 

contribution to this improvement, thus simplifying the unloading or loading of components. 
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Another change that took place at the workplace is the rotation of the pallet at the entrance and exit by 90 °. 
We applied a different pallet location at the workplace due to the better availability of the worker to the 
components at the entrance and also to a better way of packaging the products at the exit of the work process. 

If we take the original size of the box, where the flange units are located, then from an ergonomic point of view, 
in addition to changing the position of the plate, the change of packaging also plays an important role. The 
original dimensions of the package with components are 1200 x 800 x 800 mm, where our proposal is to 
change this dimension to 1200 x 800 x 600 mm. This change would lead to a better approach to component 
selection, even if a tilting truck is used. 

3.1. First position when pasting into the palette after optimization 

After adjusting the workplace, we performed a re-analysis, where we also mentioned the use of a tilting truck. 
In the picture we can see that the pallet was raised using the truck and the operator does not perform any 
forward bend. I also have better access to select components in the palette. We can also see the improvement 
based on the final score, which is shown in Figure 4. The current score was 5 and the adjusted workplace is 
2, which means that the person performs work in a very suitable position, which is without health risk. 

 

Figure 4 Pallet insertion after workplace optimization - first position 

3.2. Second position when pasting into the palette after optimization 

 

Figure 5 Pallet insertion after workplace optimization - second position 
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After the analysis of the optimized workplace, it is clear from Figure 5 that the application of the tilting trolley 

in this variant contributed to the improvement of the working position of the operator, since the pallet is placed 

higher in this case. This position will improve the position of the worker's torso, where the resulting score of 

this body segment was previously in critical values, i.e. 5 and the value after adjustment of the workplace is 2. 

3.3. Third position when pasting into the palette after optimization 

The third position, where the worker has to lean to the bottom of the pallet after the components in their original 

state, had an adverse effect on the long-term performance in this position. The function of tilting the truck to 

the right or left by 20 ° significantly helps to improve, which simplifies the unloading of components (Figure 6) 

[5,6]. 

 

Figure 6 Pallet insertion after workplace optimization - third position 

4. CONCLUSION 

Ergonomic improvements in the workplace also bring improvements that intervene in the company's indirect 

costs, such as reducing the risk of accidents at work or reducing the number of occupational diseases. The 

aim of the proposed variant was to improve the working position of the operators at the entrance and exit of 

the assembly process, where they performed a very unnatural movement when loading and unloading the 

product, which leads to permanent health problems [7]. We also dealt with occupational health and safety, 

where our proposal was to install protective covers as well as to facilitate the start-up of the process. One of 

the advantages of this project is that the original area of the workplace has been preserved and another benefit 

is the addition of an ergonomic mat at the entrance to the assembly process, where it provides comfort and 

improved working conditions for the operator. 
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Abstract 

Unit load AGVs are gradually becoming a common part of the internal logistics of industrial companies, 

especially from the automotive industry. Most often for handling standardized pallet containers. The aim of this 

paper is to identify the possibilities of using unit load AGVs for picking cart handling. Unlike pallet containers, 

picking carts are completely non-standardized (both in terms of construction and size). The possibilities were 

determined and verified in the form of a pilot project in a selected automotive company. Output of the paper is 

a definition of critical success factors that will enable successful implementation of unit load AGVs for supplying 

assembly lines by means of picking cart.  

Keywords: Unit load AGV, picking cart, material handling, assembly line, automotive industry 

1. INTRODUCTION 

In the automotive industry, the term internal logistics means the supply of workplaces and assembly lines with 

materials and parts from warehouses and picking workplaces using suitable handling technology. Transport 

of material and parts using Automated Guided Vehicles (AGVs) is becoming the standard. AGVs can be 

categorised into three main types: 

 Unit load AGV (see Figure 1). 

 Forklift AGV. 

 Towing AGV. 

Unit load AGVs are gradually becoming a common part of the internal logistics in automotive industry and 

other sectors. They are used for handling standardized pallet containers most often. However, there is many 

parts that are transported using picking carts (see Figure 2). Unlike pallet containers, picking carts are 

completely non-standardized (both in terms of construction and size). As literature review has shown, current 

research studies from the automotive industry have so far paid little attention to the application of the unit load 

AGVs for supplying workplaces and assembly lines by means of picking carts. Thus, the aim of this paper is 

to identify the possibilities of using unit load AGVs for picking cart handling. The article is divided into five parts. 

The introduction is followed by a literary review (chapter two), which culminates in a critical assessment of the 

current state of knowledge. The possibilities of using unit load AGVs were determined and verified in the form 

of a pilot project in a selected automotive company. The pilot project is described in chapter three. Based on 

the pilot project, critical success factors that will enable successful implementation of unit load AGVs for 

supplying assembly lines by means of picking cart are defined in chapter four. The paper is summed up in 

conclusion. 
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Figure 1 The unit load AGV designed by Asseco CEIT (1200F) [1] 

2. LITERATURE REVIEW 

Automated Guided Vehicle (AGV) is a device for moving unit loads of materials from one place to another, 

within a facility, with no accompanying human operator [2]. AGVs provide competitive advantage for 

companies in the automotive industry [3]. There is a relatively high number of research studies that confirm 

this claim and investigate different aspects of AGVs implementation in automotive industry. 

Correia et al. [4] demonstrated in a case study from automotive industry that AGV system based on towing 

AGV type allows to eliminate the transport of heavy loads by the operator and the excess of containers at the 

workstation, thus contributing to better ergonomics, an increase of safety and greater productivity. Saffar et al. 

[5] investigated the influence of AGVs application in the specific automotive assembly process based on 

replacement of manual tugger trains with AGV ones using a computer simulation. Hrusecka et al. [6] showed 

that AGV technologies provide a great solution to increase the performance of internal logistics using two case 

studies from the automotive industry. They also suggested selected critical success factors and key 

performance indicators for the AGV technology implementation phases. 

Zuin et al. [7] recommend involvement of designer, safety expert, and worker roles in the design of an AGV 

system to avoid the need to make changes in the next stages, which would generate higher costs than 

necessary. Fabri et al. [8] investigated different scenarios of the internal logistics in SEAT and their influence 

on logistics flows' performance and an assembly lines' aisles utilization using the computer simulation. Three 

scenarios were simulated: the company's current scenario (towing AGV type), the introduction of autonomous 

AGVs (enable an AGV to overtake by itself), and introduction of a single flow policy (one flow aisles whenever 

possible). 

Ali and Khan [9] claim that efficient integration of AGVs in flexible manufacturing systems may help industries 

to face the global and local competition with higher degree of confidence and proposed an integrated 

framework for that purpose based on systematic literature review. Kern et al. [10] state that new internal 

logistics concepts in the automotive industry should be based on modular assembly system without a fixed 

sequence of products. Such system should be supported by means of single transports by AGVs instead of 

summarized transports and cyclic routes by tugger trains. 

Cech et al. [11] consider Autonomous Mobile Robots (AMR) as the highest AGV level that should be used for 

supplying assembly lines in the automotive industry. They created a comprehensive knowledge base for 

design, selection and implementation of AMR technology for that purpose. Bauters et al. [12] simulated 

different transportation systems in the specific internal logistics situation of an automotive factory to compare 

their performance. One of the transportation systems was AMR. Authors identified the too low AMR speed and 

congestions as the serious problems of the system. 

The following conclusions can be drawn from the realized literature review: 
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 The main attention is paid to towing AGV (automated tugger trains) with fixed routes (pre-defined path 

between its origin and destination point) in the automotive industry. 

 It is assumed that the future of internal logistics in the automotive industry lies in the application of 
flexible AGV systems using unit load AGVs with dynamic routes (AMR). One AGV will be able to handle 

different types of loads and determine its route accordingly. 

 Research studies do not focus on the type of loads handled. Problems associated with completely non-

standard loads, such as picking carts, are not solved. 

3. PILOT PROJECT 

The pilot project was implemented in a company from the automotive industry. A side door assembly line was 

chosen. At present, parts for the line are loaded in rolling picking carts or containers. Examples of picking carts 

are shown in Figure 2. 

  

Figure 2 Examples of used rolling picking carts 

Material and parts are transported to the line from the warehouses or with the Just-in-Sequence (JIS) concept. 

The flow of parts is controlled by requests when the signal stock of parts on the line is reached. There are two 

picking carts for each part on the assembly line. Assembly parts are taken from the full picking cart. An empty 

picking cart is exchanged for a full one based on the request system. Picking carts are transported to the 

assembly line by automated tugger trains (towing AGV with automated C frames), tugger trains with drivers or 

manually. Manual handling is performed from a warehouse located near the assembly line. The line operates 

at a rate of 57 s, which represents the exchange of picking carts 173 times per shift. Other handling equipment 

(forklifts, other tugger trains) and pedestrians that are not related to the given line move in the area of the line 

and warehouses. There is also a charging station for towing AGV in the assembly line area. 

The following parts are transported to the side door assembly line using picking carts: 

 Left glass guide - manual transport from the warehouse. 

 Right glass guide - manual transport from the warehouse. 

 Left side windows - manual transport from the warehouse. 

 Right side windows - automated tugger train from the warehouse. 

 Door handles - manual transport from the warehouse. 

 Door wiring 1 - manual transport from the warehouse. 

 Door wiring 2 - manual transport from the warehouse. 
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 Left door trim - automated tugger train in JIS concept (under the responsibility of the supplier). 

 Right door trim - automated tugger train in JIS concept (under the responsibility of the supplier). 

 Window launcher - tugger train with driver from the warehouse. 

The first seven parts were selected for the pilot project, as well as the removal of empty containers from the 

assembly line, which is also implemented using rolling carts. The layout of the door assembly line with the 

marking of loading and unloading places of selected picking carts are shown in Figure 3. 

 

Figure 3 Layout of the door assembly line with marking of parts for the pilot project 

For the pilot project, Asseco CEIT was selected as the unit load AGV supplier because it is the main supplier 

of towing AGV for the entire assembly plant. Due to the required functionality, the AGV 1200F was chosen 

(see Figure 1). Asseco CEIT conducted a computer simulation of the pilot project. Based on the simulation 

results it determined the required number of AGVs is six. Unlike standard AGV systems, unit load AGVs do 

not have fixed parts and routes assigned. The most suitable AGV is selected in terms of its availability and 

distance to load a full picking cart or to remove an empty one. 

4. CRITICAL SUCCESS FACTORS 

Based on the planning and implementation of the pilot project, the following critical success factors for 

successful implementation of unit load AGVs for supplying assembly lines by means of picking carts were 

identified (see Figure 4):   

 Selection of suitable AGVs - AGVs of various parameters and functionalities are available on the market. 
It is possible to buy a robust and advanced AGV, which will be unnecessarily expensive and will have 

parameters and functionality that will be used only sporadically. For each AGV, it is advisable to consider 

the following parameters: size, load capacity, speed, turning radius, movement mode, stroke, accuracy, 

operating time, charging time, type of navigation, safety. 
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Figure 4 Critical success factors to implement unit load AGVs for picking cart handling 

 Changing the picking carts design - the introduction of unit load AGVs is not possible without modifying 
the picking carts. At a minimum, it will be necessary to raise the cart chassis to match the height of the 

AGVs used. Furthermore, it is necessary to deal with the fact that picking cart are often high. For their 

stable transport, it is therefore appropriate to use AGV with mandrels. Again, it is necessary to adapt 

the cart chassis. Chassis should be as unified as possible. In the case of very non-standard cart 

dimensions (e.g. too long or high) a complex change of cart design will be necessary. 

 Switching from fixed circuits to dynamic routes - replacing tugger trains that can carry more picking carts 

with unit load AGVs would lead to the need for more AGVs while maintaining fixed circuits. Therefore, 

it is necessary to choose a supplier with quality fleet management that allow to assign missions to 

individual AGVs dynamically and efficiently according to AGV availability. In this way, it is possible to 

maximize the use of unit load AGVs without unnecessarily increasing their number. 

 Automation of handling operations on the assembly line - a full picking cart is inserted on the line and 
an empty picking cart is pulled out. Picking carts usually have a rectangular floor plan with large 

differences in the width and length of the cart. If they are supplied by tugger trains, they are transported 

in width (shorter side) due to the permeability of aisles. However, a significant number of carts must be 

placed lengthwise on the line. This is solved either manually (by the tractor driver or the line worker) or 

automatically (e.g. using automated C frames). This problem is schematically illustrated in Figure 5. 
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Figure 5 Method of handling picking carts on the assembly line 

In the case of the unit load AGV, it is assumed that the picking cart will be delivered to the line completely 

automatically. This can be achieved in different ways, each of which will be differently expensive and 

will have its pros and cons: 

o Loading the picking cart to length - this solution is only possible if the difference in width and length of the 

cart is not large. Otherwise, the aisle permeability would be significantly reduced, or it would not even be 

possible. 

o Changing the picking cart design - reducing the difference between the width and length of the 

cart. It can be problematic from an ergonomic point of view or will require a reduction in the 

number of picked parts and thus greater AGV capacity requirements. 

o AGV with omni wheels - however, this solution is practically unavailable on the market. 

o AGV with rotating lifting module - the picking cart is transported in width, in front of the line the 

lifting module rotates the cart to its length and thus goes to the line. In this case, however, the 

aisle permeability will be significantly reduced during the handling in front of the line. 

o Automatic carousel at the assembly line - the picking cart is inserted into the assembly line in 

width, placed on the carousel and turned to length. However, this solution will require additional 

assembly line production space. 

o Turning the AGV under the picking cart - the picking cart is transported in width, the AGV places 

the cart in front of the assembly line, rotates 90 ° below it, lifts the cart and insert it into the line. 

This solution requires a change in the safety zones of the AGV and a slight increase in handling 

operations. 

 Automatic identification of picking carts - the AGV must be equipped with automatic identification of 

transported picking carts to be able to dynamically change its safety zones. Otherwise, the AGVs would 

have to have the safety zones set to the dimensions of the largest picking cart, which would significantly 

reduce the aisle permeability. 

 Minimization of collisions with other handling equipment and pedestrians - in most cases, other handling 
equipment and pedestrians move in the aisles in addition to the AGV, which leads to blocking of the 

AGVs and loss of their capacity. In these cases, it is appropriate to regulate traffic: 

o Set traffic rules - especially for intersections and bottlenecks. In the case of handling equipment operated 

by people and pedestrians, the setting of the system of keeping the rules is critical. 

o Consider the degree of AGV autonomy - in practice it turns out that the use of autonomous 

AGVs, which are able to get around other handling equipment and obstacles, does not lead to 

increased aisle permeability and utilization of AGV capacity in busy traffic. 
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o Consider one-way aisles - this solution is suitable for short aisles. In the case of long aisles, it 

leads to an increase in the number of AGVs needed. 

 Minimize the loss of AGV capacity by charging - charging accounts for up to 25 % of the available time 

of AGVs and therefore it is necessary to look for solutions that would minimize this loss: 

o The standard solution should be the decentralization of charging stations in the warehouse and assembly 

line, thus eliminating the AGV travel time to centralized charging stations. 

o An innovative solution is to replace the batteries, which can ideally take place completely 

automatically (robotically). 

 Adapting processes to the new loading concept - in most operations where unit load AGVs are 
implemented, production and logistics processes are historically set to the original logistics concepts 

(e.g. forklifts or tow tractors). If the implementation of the unit load AGV concept is to be effective, it is 

necessary to consider the modification of assembly lines, warehouses, and aisles both in terms of space 

and technology. The minimum is to meet the requirements for floor quality. Current assembly lines for 

car production are undergoing radical changes in connection with the onset of electromobility. A new 

internal logistics concept should also be part of the design of these new assembly lines. 

 Efficient change management - the implementation of unit load AGVs is a fundamental innovation 

change in internal logistics processes. Every major change encounters a number of problems, the most 

pressing of which is people's resistance to change. Therefore, it is necessary to use the best practices 

of change management already in the planning phase of the mentioned concept. 

5. CONCLUSION 

The ambition of the article was to eliminate the research gap consisting in the lack of a comprehensive 

knowledge base for successful implementation of the unit load AGVs for supplying workplaces and assembly 

lines by means of picking carts in automotive industry and similar sectors. This purpose was fulfilled through 

the planning and implementation of a pilot project in a selected automotive company. Based on this project, 

the following critical success factors were identified: suitable AGV, cart design, dynamic routs, automated 

handling, cart identification, collision minimization, smart charging, process adaptation, and change 

management. Further research will focus on the verification and supplementation of these factors from the 

widespread deployment of unit load AGV in the company. 
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Abstract 

The paper deals with the process planning structure of the complex magnesite processing, where capacity 
planning and production scheduling constitutes the meaningful and essential component of the product 
manufacturing control process within the whole its life-cycle. The result is a new advanced planning system 
proposal, which respond to a modern trends identified by European Commission for sustainable raw material 
processing area. 

Keywords: Integrated customer logistics system, advanced management system, logistics, planning 

1. INTRODUCTION 

When creating a new business planning and control system, we must deal with a complex chain of company 
processes throughout their life cycle. The basic aspect to do so, is the hierarchical optimization of the process. 
With this optimalization we can find even in complicated system of processing raw materials a comprehensive 
optimum covering the entire value chain from exploration, through mining, treatment, primary and secondary 
(recycling) processing of raw materials to the creation of new products and technologies. 

The basic definition of a company which deals with the mining of magnesite and its processing into caustic 
and clinker is as follows: it is a homogeneous production company, with significant division of the production 
process into continuous and discrete parts. In terms of material flow management, it is a combined system 
with the predominance of the principles of the PUSH system. Only a minimal part of the production process is 
managed on the basis of the PULL system. Today's market requires variety of products which puts pressure 
on the implementation of PULL systems in the mining companies. Production management is based on an 
operational approach and application of heuristics principles for problem solving.  

The aim of the article is to point out new approaches to technology for complex processing of magnesite in 
accordance with the corresponding trends of the European Technology Platform for Sustainable Mineral 
Resources, which represent a high level of innovation and sustainability. 

2. COMPLEX PROCESSING OF MAGNESITE - SMART FACTORY 

The new approach for complex magnesite processing technologies involves a complex chain of processes in 

the mining industry and throughout its life cycle. The aim is to cover all of these standard key areas in 

accordance of the European Technology Platform for Sustainable Mineral Resources (ETP SMR). That means 

usage of the advanced technologies that represent a high level of intelligence and sophistication. In terms of 

planning and management system there are three key activities solved within the technology of complex 

magnesite processing: the area of company logistics, which should be part of the integrated customer logistics 

system, order processing according to customer needs and optimization of production process based on 
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material, capacity and economic balance of production process with the creation of a hierarchical optimization 

model. The complex magnesite processing is represented by the technological scheme according to Figure 1. 

In terms of use of advanced technology, the new concept should be based on a PULL system. In terms of 

needs of the new company concept, it is necessary to meet the following logistics requirements: 

 eliminating the need for processes, flows, storages, 

 integration of processes and equipment,  

 storage flow, 

 balance of stocks in storages, 

 balance of production and transport in the production process, 

 minimization, straightness, uniformity and fluidity of material flow. 

Targeted mining

Batch extraction

Crushing

Separation 

ITA caustic RORP - rotary furnace Innovated shaft furnace

Autogenous crushing Microfluidic furnace

Sorting caustic

V I Mag. separácia Briquetting

Hammer crusher ITA HV

Chemical treatment
Clinker crushing

Clinker sorting

Magnetic separation

Dosing and mixing

Weighing and packaging

Expedition

 
Figure 1 Technological scheme of complex magnesite precess 

3. DESIGN OF AN ADVANCED PLANNING SYSTEM 

The basic principles of the advanced planning system is the gradual informatization, digitization and 

smartization of magnesite processing processes in the mining company. These, essentially "helpful" 

techniques of obtaining a digital image of real processes in a company will allow completely different views of 

the company's operation in new market conditions. A digital and virtual view of mining operations will allow us 

to respond flexibly to customer needs, to change the optimal trajectory of material flow, to set optimal 

technological parameters to change the product portfolio, all according to customer requirements and needs. 

3.1. Design of the structure and parameters of the management system and the information system 
of customer logistics 

In the current global market environment, after the transition from production to sales and marketing, the 

logistics role comes into play. The main goal is orientation on customer and reducing overall costs. Finding a 

suitable logistics concept and applying it in practice can become an important way to achieve growth even in 

an area, where until now has been only a reduction in production and the closure of operations. The basic 

building brick of success even in traditional PUSH oriented industry are becoming customer oriented 
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production and customer production, which means pull orientation. Under certain conditions, it is possible to 

introduce a more efficient PULL system in this sector, in which the customer needs are fundamental. It 

determines what, when, how to produce and the company respects customer requirements amd follows them. 

3.1.1. The structure of corporate logistics 

The structure of the proposed company logistics system (CLS) consists of the performed logistics processes 

and the links between them and their surroundings. This structure is hierarchical, with horizontal ties (between 

elements on the same level) and vertical ties (defining relationships of superiority and subordination). Each 

level of the company's logistics system corresponds to the specific content and periodicity of the activities 

performed. 

In addition to planning the main technological process, the company's logistics system (CLS) also includes the 

planning and provision of all necessary business service processes. (supply, storage, transport, energy, 

packaging and waste management, maintenance, distribution and especially material flow). In order to achieve 

maximum efficiency of production and service processes and in order to minimize production and logistics 

(warehousing, transport, etc.) costs, the proposed concept of mining and processing of magnesite considers 

using the latest logistics concepts and management philosophy, in particular: 

 for customer logistics and company coordination - Integrated Customer Logistics System (ICLS), 

 Pull system for material flow managment and production process, 

 for the organization and orientation of the technological process - the concept of lean production (Lean 
Production, Outsourcing) and the CIM system - Computer Integrated Manufacturing, 

 ERP - Enterprise Resource Planning system for production planning and scheduling, 

 for the organization of customer-supply chains philosophy - Just in Time, 

 for the area of maintenance management, the concept of TPM - Total Production Maintenance, 

 for the area of quality management TQM - Total Quality Management, etc. 

3.2. Structure design of the management system 

Due to the growing competitive pressure and requirements for the quality of production, as well as for the 

flexibility of the system, it is necessary to place emphasis on the prediction component in management. This 

is one of the reasons for the preference for logistics and process approach in management today. 

Based on this trend, the design of a management structure for a new concept of complex magnesite mining 

and processing is built. It prefers program-predictive management, process management concepts (self-

organization, self-regulation), computerization and digitization of management and implementation of logistics 

principles to the lowest hierarchical levels of processes (technological logistics). 

According to the material and time point of view The management or administration of a company can be 

divided into the following four levels: 

 strategic management, 

 tactical management, 

 operational management 

 direct management. 

3.2.1. Strategic planning 

On the one hand, company strategy as a concept is a set of decisions that determine the future company 

activity and goals of the company, the methods of organization of the company, as well as the external behavior 

of the company. On the other hand, a company strategy can be considered as a tool by which a company 
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formulates its business focus and behavior towards business partners, taking into account its resources and 

circumstances and considering the development of the business environment and risks. Addressing the issues 

of the company's long-term strategy requires detailed knowledge of all strategic components. 

In order to strengthen its competitiveness, each company should create a certain knowledge base in each of 

the strategic areas, information base of possible approaches to problems or possible changes. 

3.2.2. Tactical planning 

There is not enough attention paid to solving problems of customer logistics in production companies. The 

term customer logistics is usually understood only as the registration and strict assessment of orders, or 

material. Capacity balance is performed before inclusion into the set of production tasks. There is a great lack 

of interconnection of customer logistics and other related company's activities, which would allow to perform 

custom logistics in full compliance with global company objectives, in accordance with customer requirements 

and while meeting all the requirements and limitations of the production and distribution process. The solution 

is to use a new integrated customer logistics system (ICLS), which allows production companies to optimize 

the creation of production plans, optimize the use of capacity and production resources, while meeting 

quantitative, quality and time requirements of customers. 

ICLS within the new concept of address mining and processing of magnesite. The design of the new concept 

includes the mining and processing of magnesite and the design of a coompany's planning and control system, 

which is based on the use of geographic information system - GIS of the deposit, hierarchical mathematical 

simulation model of mining and raw material processing and integrated customer logistics system. This system 

will allow efficient mining and processing of magnesite while respecting customer needs. 

3.2.3. Operational planning 

Operational management has a specific position in the proposed management structure of the innovated 

process of mining and processing of magnesite, due to the fact that the emphasis in the entire management 

system is placed on tactical and direct management. By transferring part of the production scheduling tasks to 

the integrated customer logistics system, it will strengthen the active approach to production creation and 

create preliminary schedules by assigning production tasks (batches) to individual production processes, 

balancing them and aligning them with service company's processes at a tactical level. 

The creation of production tasks - batches in terms of the type and amount of raw material required and the 

possibility of joint processing is left to the tactical level of management. On the other hand, strengthening direct 

management by implementing digitized and automated process management systems will reduce (objectify) 

the operation of dispatch management. In accordance with the proposed concept, operational management 

will be divided into three parts: 

1) management of raw material extraction, including related service operations, 

2) management of the raw material treatment process, including related service operations, 

3) product shipping management 

The specific requirements for operational management in the proposed concept also include: 

 the requirement for a smooth change in the quality of the batches of mined and processed raw material, 
the aim of which is to prevent the mixing of different qualities as much as possible, 

 use of RFID chips for automated process registration and monitoring, 

 emphasis on the flexibility of the production process both in terms of performance and range, 
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 due to the continuously-discrete nature of the production process and PULL oriented multiple production 
of batches according to orders, it is necessary to use bottleneck planning, it is necessary due to energy 
consumption when scheduling production on heat generators. 

3.2.4. Direct process control 

Direct management ensures the immediate implementation of production tasks set by the operational plan in 
a specific process. Direct process control is realized through: 

 ensuring information links of the process to its surroundings as well as inside the  process, 

 management of material and energy flows in the surroundings of the controlled process, 

 coordination of process management in connection with other production processes, 

 real-time process management. 

3.3. Orders processing based on customer needs  

Part of the above mentioned ICLS is an algorithm. Its role is to process orders according to customer needs, 

assess them and plan them in production and mining requirements. This will make the entire processing 

process more visible and optimized for all customer requirements and it will be well planned according to the 

mining requirements. Mining process will have attributes of address mining, which will be strictly oriented 

according to customer orders and their specific requirements. 

We are considering four types of quality in the new planning system. The types and its possible use are shown 

in Table 1. 

Table 1 New quality distribution of magnesite  

Quality Content MgO v % Application 

A > 42 Processing for high quality products with MgO over 90 % 

B 39 (40) - 42 Processing for medium quality products 

C 36 - 39 (40) Processing into agricultural products and sands 

D < 36 Sand, base 

Table 2 Possibilities of internal order satisfaction 

Usage 
priority 

Available 
time [hours] 

Total time 
[hours] 

Activity description 

1 1 - 8 8 Using of already finished production stored in trays 

2a 24 - 48 56 

Unsorted clinker before magnetic separation treatment plant, 

Grain size of the processed heat aggregate 

2b 

+ 24 80 

Crushing finished production means increased costs 

2c 
Mixing the finished production according to the required quality means an 
increase in costs depending on the mixing recipe 

3 + 24 124 Filling into furnace - affects the composition of unsorted clinker 

4 + 24 148 
Open stocks located in the mine will be used for moving from the mine to the 
treatment plant 

5 + 72 220 Mining plan based on GIS system 
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By cumulating all customer's orders for a given planning period, a product matrix will be created, in which the 

quantities of the product are registered according to its quality and granulometry, and thus internal orders are 

created. Followed by assessment of internal orders. During the assessment, it is determined whether it is 

possible to produce the order in a given quantity and in a given planning period, as well as the expected date 

of production within the planning period. The exact procedure for satisfying the requirements of a given internal 

order is shown in Table 2. After determining the source of the material with which the internal order will be 

realized, the entire production process is simulated using a hierarchical balance model. Whenever 

discrepancies in production will appear, it is necessary to intervene with a planner who will implement the 

solution to the problem. 

When solving all customer needs, we can change the source of the material, the time of production, the size 

of the internal order, etc. After removing the discrepancies in the plan, it is necessary to run the simulation 

again. If the simulation is successful, the assessment of the order is completed. 

After the distribution and assessment of all customer orders, new plans for subsequent processing, shipping 

and other service will be prepared. 

3.4. Hierarchical optimization model 

The solution of the hierarchical optimization problem is based on the idea of creating: 

 material flow model of the production process, 

 capacity model, 

 economic model. 

These three models create a simulation hierarchical model. On the basis of the material flow model we can 

create a capacity model and calculate all costs of the production process. In contrast to the classic simulation 

approach, where by simulation of material flows we could identify only the time characteristics and parameters 

of the production process, the hierarchical simulation approach extends the simulation of the material flow and 

its time recalculation by material, capacity and economic balance. 
Optimizing the production process, leads to a solution of a multi-criteria optimization problem. 

The actual solution of multi-criteria optimization of the production process is in the proposed model divided 

into three interconnected parts and levels: 

1) first level - the level of material balance which solves the optimization of material flow, 
2) second level - the level of capacity balance, which solves the optimization of the use of existing 

production capacities for the needs at the first level of the optimized material flow, 
3) third level - the level of the economic balance, the cost optimization is used, because most management 

interventions in the organization of material flow, input parameters, equipment settings will result in an 
increase or decrease of costs. 

In addition to a comprehensive assessment of the impact of optimization measures on the production process, 

the hierarchical optimization model can be used for other business tasks: 

 for the analysis of the production process and next synthesis of rationalization actions, 

 to assess the impact of investments on the technology and economy of the company, 

 for model verification of the impacts of changes in technology, in the structure of inputs and outputs, 

 to verify the reality and fulfillment of the operational plan, etc. 

As part of the solution of the management and planning of complex magnesite processing, we created a 

hierarchical optimization model of complex magnesite processing, that's a new approach to the magnesite 

processing. 
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4. CONCLUSION 

The result of the design of a new advanced planning system is the rationalization of production process, which 

results in concrete proposals for three key and cross-cutting processes of the mining company in the new 

operating trends and conditions of raw materials processing and corresponding to modern trends set by the 

European Commission for sustainable raw materials processing. 
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