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Abstract

:

Industry 4.0 brings technologies of automation, the use of collaborative robots, and modern advanced warehousing interconnected with digitization of all steps of the production process, not excluding logistics. Internal logistics vary in different product types. Due to the specification of the Industry 4.0. concept, irregularities can be improved into fully autonomous processes. This trend also raises SMEs’ flexibility in terms of business processes and production organization. The transformation to Industry 4.0 is different from many perspectives (technological, organizational, financial). Therefore, companies need to know their processes’ state and determine their readiness for automation and digitization. After this, a consecutive strategy needs to be adjusted. This article presents the evaluation results of a comparison within individual business sectors (automotive, engineering, and electrical engineering fields). Several scientific methods were used for the successful realization of the objectives of the work (basic logical methods and empirical methods). The proposed methodology was verified in the form of an experiment in selected industrial enterprises. Internal logistics processes were observed inside real enterprises as a form of suitable preliminary research. Further potential cooperation between the companies and a team of experts specializing in Industry 4.0 is planned.
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1. Introduction


Industry 4.0. is widely defined from many points of view (academic, business, consultant companies, or from practice [1,2,3,4]. It is characterized by IT and intelligent cyber−physical systems (CPS) implementation enabling manufacturing process automation. Implementation of robotics, digitization, and automation is crucial [5,6,7]; they serve as “pillars of Industry 4.0.”, and their cooperation (interconnecting all operating machines and equipment) in real time is also crucial. Implementation of Industry 4.0. (especially in the West Bohemian region of the Czech Republic) is the main research area of the authors [8,9,10,11] and served as a base premise for the use and creation of several maturity models [12,13,14], involving various aspects (mostly maintenance and logistics) of the production process. Adaptation of production processes results in adaptation of the use of new technologies. Independent control units cooperate and make independent decisions to become fully autonomous (‘lights out’ factories) [15,16].



By implementing features of Industry 4.0 into logistics processes (warehouses, transportation, packaging, distribution) better efficiency is achieved [17,18,19,20,21]. As a crucial factor here, the interconnectivity of all components is important in the warehouse. Previous research presented a design of a tool for internal logistics processes’ evaluation in terms of Industry 4.0 [18,19,20]. By using it, the current level of companies’ readiness for Industry 4.0 implementation can be measured, whether across the company or just in various production areas. This article should serve as a culmination of our few years of research, defining where logistics have adapted to Industry 4.0 the most and proving this in comparison of three industry types.




2. Materials and Methods


Using the proposed tool, logistics procedures were evaluated to determine Industry 4.0 preparedness. Each company was later assigned an appropriate rank based on its current status. The highest evaluated levels represent the full applicability of principles and technologies according to Industry 4.0 [22].



The evaluation tool has already been introduced in an article titled “Evaluation of the Level and Readiness of Internal Logistics for Industry 4.0 in Industrial Companies” [22]. The article focused on the research part of the proposed evaluation tool and its characteristics. The main development steps of the tool’s creation and the implementation phase of the methodology and its applicability to industrial practice were described. The methodology was developed in several phases, in which the main steps and their specific content were determined.



For a brief introduction, the creation process concerns the structure design of internal logistics as the main subject of the evaluated area, then levels for evaluation are set. These are the main areas for the proposed methodology. It sets out the basic procedure and principles based on which input data are then collected. The characteristics of indicators set within the structure of internal logistics according to set levels are also defined and calculation relations are also determined, as the methodology uses a new evaluation system according to the ascending principle [23]. The intention is therefore to enable a detailed evaluation in greater depth, using a multi-level system, which is characterized by appropriate principles and technologies.



This part serves as an introduction of valid documents; its purpose is to define methodology inputs which will be presented further. It sets out the basic procedure and principles of data collection. The final form of the internal logistics structure in this part concerns the intersection with the levels. These are chosen to create an ascending scale, which will serve to distinguish various indicators for each level. We obtain final characteristics by multiplying indicators and levels, which are used to precisely define the grade of dimensions and subdimensions (precisely by using the abovementioned indicators).



The research carried out for the needs of this article was analytical. In research practice, it is difficult to clearly and accurately distinguish between basic and applied research, as these two types of research can enrich each other. However, from the point of view of functions, this research can be defined as basic (academic) research, which analyzes areas within the framework of the theoretical starting points of the work and contributes to the development of theoretical knowledge. Applied research methods were also used, as the work deals with a methodology that has practical significance for companies in which the methodology is verified in the form of an experiment. Furthermore, the work used a quantitative research approach, because due to the goal of the work, it was necessary to examine the assumed relationships and verify them, and this research was specific in that it first formulated the assumed relationships and only then collected data. This was done using the structured interview technique.



Several scientific methods were used for the successful realization of the objectives of the work—basic logical methods and empirical methods. Empirical methods included verification of the proposed methodology, which was in the form of an experiment in selected industrial enterprises. The enterprises were visited and the input for the evaluation was a structured interview with a representative of the enterprise, based on which indicators were evaluated as an input value for further evaluation. Another method was the observation of internal logistics processes inside real enterprises as a form of suitable preliminary research, mapping of material flows and their connection to spatial arrangement, analysis and layout of warehouse space, used handling, and warehouse technology.



The higher the level, the more Industry 4.0. was used and implemented. All this was the subject of research about this tool and the preparation of sufficient data for it to be applied in industrial practice [22]. By applying this, real values gained from enterprises were compared to the assumptions considered during the design phase. Part of the research plan was a decision on the number of evaluated companies and the method of their selection. In the case of quantitative surveys, the selection aimed to ensure that several respondents were technically able to address them and at the same time their selection would be a character reflection of the basic set [24,25,26]. The basic set included all companies for which we wanted to determine the validity of hypotheses. For the conclusions to be correct, the sample needed to be representative.



The main points of the creation process included:




	
Design of internal logistics structure (dimensions, subdimensions, indicators);



	
Setting up evaluation levels;



	
Characteristics of the indicators set according to levels;



	
Mathematical computational relations;



	
Materials for a structured interview.








These main development steps are described in detail in the article.




3. Results: Verification of the Proposed Methodology


The verification phase was divided into three parts—input (data collection), calculations, and final evaluation in manufacturing companies [22].



The input phase was focused mainly on data collection. As a part of the process, a determination of the evaluation system was needed to tell how the methodology would be applied. These data were collected by a structured interview, also for a better understanding of indicators. Level assignment for all indicators was an output of this research part [22].



Five readiness levels + zero levels were established for the evaluation methodology itself. There were therefore a total of six levels for this methodology and they described the maturity of the company depending on a specific indicator. The established levels were ascending. The methodology was designed so that companies could naturally develop the readiness of their internal logistics processes according to levels. The levels were set in such a way that they covered the assessment of the readiness of the enterprise as appropriately as possible. Therefore, they worked with a certain set number and definition to comply with the compromise. A small number will not create an objective detailed evaluation; a large number of levels, on the other hand, creates small deviations between the levels and the evaluation becomes unnecessarily complex, also because it would be difficult for the company employee to answer the questions, since the differences in the answers to the questions would be minimal and there could be wrong answers. A zero level was also incorporated into the design of the levels. The main idea for designing the zero level was not only its inclusion as the worst level, but also the primary criterion for this level was that the processes were not defined at all. Furthermore, the levels were stepped, and the ascending principle was preserved with certain links between the levels. So there were six levels of readiness with this brief characteristic (see Table 1 below)



The next phase was calculation. By entering this phase, indicator values were assigned after the implementation of a structured interview. Partial and final results were obtained based on the proposed system of the evaluation presented earlier [22].



In the evaluation phase, results from earlier phases were processed. The dimensions and subdimensions were compared and the overall readiness level was determined. The graphic form of the results was also included [22].



Input data were obtained by interviews with employees of the evaluated company (in most cases head of the logistics department). A total of 29 different companies were questioned, from the Czech Republic. Most of the evaluated companies were located in the Pilsen Region (23 companies). To ensure objectivity, the application was applied to all companies, regardless of their main attributes. The verification dealt with data analysis from the applied methodology, compared subsequently to the company’s general focus.



For the correctness of the conclusions, the sample must be representative. As part of verification, this was a smaller study for research purposes. Input data were obtained by conducting a structured interview with an employee of the evaluated company, who in most cases was the head of the logistics department or a representative. The evaluated companies were either Czech or international companies that had one of several global branches there. The majority of evaluated enterprises were located in the Pilsen region (23 enterprises). To ensure the objectivity of the entire validation of the methodology, the application was made to all enterprises regardless of their main attributes. For further research, the goal is to cover the entire territory of the Czech Republic by applying the methodology to all companies and creating a large study, which is possible, because this application was from the finding that the methodology was functional and verified by individual companies.



The diversity of the selection of industrial enterprises was evidenced by their characteristics, and to ensure the objectivity of the methodology verification it was targeted at all enterprises, regardless of their size or subject of business. There was a lack of representation of the automotive sector as a key industry sector, as well as a representation of engineering companies. These two large sectors are complemented by electrical engineering companies.



3.1. Outputs (Verification)


The overall average value of the readiness level of internal logistics for the Industry 4.0 concept across all evaluated industrial enterprises was one of the final values obtained by data analysis. This value in terms of arithmetic means is shown in Figure 1.



This value includes all evaluated indicators and the resulting value will provide the company with a realistic picture of internal logistics readiness. However, the overall average preparedness value needs to be supplemented by other output information values. The methodology core was a three-level structure of internal logistics and therefore it was necessary to go deeper in the data analysis and analyze the results of sub-areas (dimensions, subdimensions, indicators).



The first part of the structure is represented by the dimensions, of which there were a total of five, and their average values for all enterprises are shown in Figure 2.



The average values in Figure 2 correspond to the overall preparedness level (the value is 2.42). The average dimension values have very similar values. It can be stated that the weakest dimensions analyzed for all analyzed industrial enterprises in the Czech Republic were dimensions D3: Packaging and D4: Supply. The remaining three dimensions had similar final values with minimal differences.



Subdimensions were the second part of the internal logistics structure and each dimension consisted of 2–3 subdimensions. The output of the further analysis was the average values of individual subdimensions, again for all industrial enterprises, and these are shown in Figure 3.



The graph in Figure 4 has more significance than the average values of the dimensions and the graph shows that the subdimensions SD2: Handling units, SD6: Material receipt and shipping, SD10: Supply technology, and SD11: Technology were among the best-rated subdimensions in terms of readiness for all companies. supply and SD12: Information provision of material recalls. The lowest values were for the subdimensions that belonged to dimension D3: Packaging, and this underlines the low average value from the previous graph. Other weaknesses across companies were SD1: Handling technology and SD13: Method of identification.



Each subdimension consisted of 3−4 indicators. From the graph of values of all indicators it is clear that lowest average value was for indicators in the D3: Packaging dimension, namely indicators U21 (Degree of automation), U27 (Attitude of company to packaging management), and U29 (Environmental aspects). Other indicators that had a lower level and thus potential options to increase readiness were in dimension D2: Storage.



The analyzed outputs from methodology represent aggregated data (average values supplemented by several values occurrences) (Figure 4). As can be seen from the graph, level 2 (481×) was followed by level 3 (396×) as the most assigned during the input and interview phases. The absolute minimums were levels 0 and 5. Level 2 and level 3 is clear. Then level 1 is selected, and level 4 had an even smaller number of occurrences. Figure 5 represents the total number of dimension level value occurrences for all enterprises



A slightly more detailed overview of assigned levels frequency is provided in Figure 6, which is a graph showing the number of occurrences of level values for subdimensions.




3.2. Application Outputs by Industry


The collected data can be analyzed according to other aspects and compared according to criteria such as industries (type), company size (number of employees), and production type (piece/small series, series, large series).



3.2.1. Enterprises in the Automotive Sector


These companies are engaged in the production of mechanical parts, components and assemblies, electrical or electronic components, software development, and the production of other components, parts, or materials used in the manufacture of vehicles, including services (e.g., heat treatment, painting, etc.).



More specifically, companies have established a production program for the production and assembly of components for cars, such as door panels, locking systems, head restraints, and seat frames or the production of steering systems. Therefore, the exclusive customers are large automakers that have set strict requirements for all their suppliers.



Car manufacturers make sure that their suppliers are certified according to standards. Ensuring and proving the required quality and timeliness of deliveries through certifications is gradually being transferred to lower-level suppliers, up to the original manufacturers of parts and materials. Suppliers to the automotive sector, if they want to succeed in the market, must have implemented not only the basic standards of the ISO 9001 —Quality Management System, ISO 14000—Environmental Management Systems, but also IATF 16949, which is an industry standard that unifies global requirements for quality management systems. The standard serves as a reference model for setting up basic control processes in the automotive industry. Like other technical standards, it defines an unsurpassable standard, requiring subsequent certification of the established management system (established processes) in the automotive industry organizations. The result is a certificate and the need to meet the requirements of this standard for the entire supply chain. These standards specify requirements for both production and support processes such as internal logistics.



A total of 13 companies in this field, which had a serial type of production, were analyzed, and this was the largest representation of the industry among the evaluated companies. The average level of preparedness in the automotive sector was 2.59. If we look deeper into the individual dimensions and subdimensions, the individual subdimensions were relatively balanced and ranged between level 2 and level 3. The weakest points were subdimensions SD1: Handling technology and SD8: Types of packaging and packaging material. Dimension D4: Supply shows the best values. The average values are shown in Figure 7. The values were all close around the medium; it would be possible to use the standard deviation in the future. There were no extreme values.



The following Figure 8 shows the total number of occurrences in the automotive sector, for the 13 companies analyzed.



As can be seen from the graph, level 4 (235×) was the most assigned to the indicators and level 3 (232×) had almost the same number, in contrast to level 5 (79×) and level 2 (46×).



Figure 9 shows the occurrences of level values for automotive sector.



It can be seen from the graph that most of the values were level 2 and level 3. For certain indicators of subdimensions SD10: Supply technology and SD4: Storage technology, level 4 was often selected, which makes these two subdimensions the best rated. Less numerous is level 1, in which automotive companies, or their assessed indicators, occurred minimally.




3.2.2. Enterprises in the Mechanical Engineering Sector


Enterprises engaged mainly in engineering production were selected as engineering companies, and a total of 11 companies were analyzed. The production programs of these companies had a relatively wide range and the companies dealt with both light and heavy engineering. These were, for example, according to the nature of production, firing, pressing, machining of metal parts, production of metal components such as couplings, fans, conveyors, flaps, closures, and more. The overall average level of preparedness in the Mechanical Engineering sector was 1.67. After a more detailed analysis of subdimensions, it can be stated that almost all subdimensions were between level 1 and level 2. Individual subdimensions with average values of levels are in the graph shown in Figure 10.



The weakest subdimensions included SD1: Handling technology and individual subdimensions from dimension D3: Packaging. The technical subdimensions generally in the individual handling, storage, and packaging subdimensions showed a relatively low level of readiness. Dimension D5: Material identification and its relevant subdimensions also had the potential to increase levels. The best-rated subdimensions included SD6: Material receipt and dispatch, as well as SD12: Material recall information, and SD2: Handling units.



Again, analyses were performed regarding the total number of occurrences of the assigned level values and level 1 (199×) occurred the most, level 2 (148×) had the second highest frequency, then level 3 and level 4 were assigned, see Figure 11.



In contrast to the automotive sector, level 0 was also assigned several times, which had the greatest impact on reducing the overall average value. The total number of occurrences of the level values for subdimensions in the mechanical engineering sector is shown graphically in Figure 12.




3.2.3. Electrical Engineering Enterprises


The last analyzed sector was companies from the electrical industry. Five companies were evaluated, which dealt with, for example, the production of electronic components, connectors for printed circuit boards, or manufactured OLED and LCD TVs. The aim was to have an evaluated sample from this group of companies, as it was assumed that these companies had implemented a basic degree of automation in the field of internal logistics and would be better prepared to meet the principles of Industry 4.0, especially in logistics processes related to handling within the company.



Only 5 companies were evaluated; however, the average level of preparedness in the electrical engineering sector was 2.55. Figure 13 is a graph showing the average level values for subdimensions and, unlike the previous two industries, all relevant subdimensions for dimension D1: Handling were better rated, and subdimensions SD3: Handling and SD2: Handling units also had very good values.



As in previous industries, analyses were again performed on the total number of occurrences of the assigned level values for the whole area for all five enterprises. Level 2 (101×) occurred the most, while level 3 (72×) and level 4 (37×) had the second highest frequency. The graphical representation is in Figure 14.



As with other industries, the graph in Figure 15 was processed, and the individual levels are differentiated in color.



The level most assigned to the indicators was level 2, then the next was level 3, and several times level 4 was also assigned. The frequency of level 1 was significantly reduced and the lowest level 0 practically did not appear in the selection.




3.2.4. Comparison of Companies by Industry


In the analysis according to the industry criterion, the individual sectors were compared at the level of the overall readiness of internal logistics, which is shown graphically, including a description in Figure 16. The best-rated industry was automotive, which had a similar value to electrical engineering; however, this field was affected by a smaller sample of companies. We focused mainly on the fields of automotive and mechanical engineering, with the latter having a significantly lower readiness for internal logistics compared to automotive.



	
Comparison of average readiness levels






The average level of preparedness in the automotive sector was 2.59. If we look deeper into the lower parts of the internal logistics structure (subdimensions), the individual subdimensions were relatively balanced in a range between levels 2 and 3. The average level of preparedness in the mechanical engineering sector was 1.67. After a more detailed analysis of the lower parts of the internal logistics structure, it can be stated that almost all subdimensions were between levels 1 and 2.



Across all five dimensions, automotive companies had a better average level of preparedness than mechanical engineering. This statement is shown graphically with figures and color-coded columns given by industry in Figure 17.



	
Comparison of the total number of occurrences of level values






The industries were compared on the basis of a total number of occurrences of level values. Thirteen companies were evaluated in the automotive sector and 11 companies in the engineering sector. Frequencies were compared on the same basis while the number of enterprises was not the same (Figure 18). The field of engineering scored mainly at lower levels, especially at level 1, and then the number of occurrences decreased (red part). The automotive sector scored mainly at levels 2 and 3 (green bar). Interpolation of regression curves are shown for both sectors.



Analyzing the output data from methodology verification of average values of the level of preparedness of both sectors, the engineering sector had a significantly lower value than the automotive sector after comparing the number of occurrences with a graphical representation of values with regression curves.






4. Discussion: Functionality Verification


The methodology was tested in 29 industrial companies, which proves its real effectiveness. The transition to Industry 4.0 is not an easy step for most companies. With this tool, the process itself should go smoother. Based on all the knowledge gained, the benefits of the work were divided first into benefits for the scientific field and business practice. The practical contribution of this work is it aims to enable a company to thoroughly evaluate its readiness for internal logistics for Industry 4.0 and establish suitable strategies or reflect the appropriateness of current established strategies.



The theoretical contributions of the work can be summarized in several basic points for individual topics:




	
Tools for assessing the readiness of enterprises for Industry 4.0




	
A new perspective on the assessment of the company’s readiness for the concept of Industry 4.0 on a micro level, which is not common at the domestic level.








	
Structure of internal logistics




	
Structuring the entire area of internal logistics and defining areas affecting the overall level of readiness of internal logistics for the concept of Industry 4.0.



	
Confirmation of the main areas of internal logistics in the form of dimensions and subdimensions in the general structure of internal logistics covering the entire area of internal logistics and not going beyond the gates of the company.



	
Creation of a set of qualitative indicators in each subdimension for evaluation.



	
Characteristics of individual indicators according to established levels, which will assess the level of fulfillment of the Industry 4.0 concept.








	
The emergence of a methodology based on a defined theoretical basis, and mutual links between individual areas




	
A new method of evaluation is based on the established six levels (0–5 level) for the evaluation of indicators, subdimensions, and dimensions.



	
Evaluation that uses a suitable mathematical basis applicable to the entire field of internal logistics.



	
An innovative evaluation method based on a point system with division into six intervals using an exponential function.



	
Electronic processing of documents for a structured interview with subsequent analytical evaluation results.













The benefit for business practice is the creation of a comprehensive independent evaluation tool in the form of a methodology, which is mainly a diagnostic method for determining the level of readiness of internal logistics processes in the company. The task is to analyze the current state and evaluate readiness. It is also appropriate that companies can use the assessment with this tool repeatedly. It is therefore possible to compare the results in a certain period by repeated evaluation. This is already individual to each company and due to the measures and implementation of new equipment.



Another partial benefit of this tool is the evaluation proceeding from the lowest elements to the entire area, seeing the structure of internal logistics. The resulting evaluation also reveals the so-called narrow places. These are areas in which the assessment is at low levels. It is therefore possible to do a detailed analysis with the detection of the weakest points in any dimension and to identify the worst evaluation of a sub-area. These areas are the so-called factors that most affect the entire dimension. Therefore, in sub-areas where the level is low, it is possible to start and take measures that will subsequently increase the level.



In summary, the application of the created methodology provides companies with the following benefits:




	
It will make it possible to determine the level of readiness of the area of internal logistics in the company, including sub-areas and their interconnection.



	
Compares the individual main dimensions with detailed analysis, identifying the weakest points in any dimension, and obtaining the worst-rated sub-areas.



	
Determination of strong and weak areas of internal logistics in the company.



	
Possible repeated use of the evaluation tool and subsequent comparison.



	
Verification of the established strategy for the implementation of Industry 4.0.



	
Structure and detailed breakdown of the internal logistics area in the company with the determination of a set of indicators that affect the level.



	
Awareness of the potential of internal logistics within the Industry 4.0 concept and the possible implementation of principles in this area.



	
Identification of the situation in companies regarding Industry 4.0, whether they are familiar with the principles of Industry 4.0, whether companies can respond to these challenges, under what conditions, and at what time. In general, whether companies in the Czech Republic are ready for Industry 4.0.









5. Conclusions


Manufacturing companies are currently facing significant challenges in terms of using more or less comparable technologies with Industry 4.0. Handling, supply, and warehousing technology are areas of internal logistics in which the latest technologies corresponding to Industry 4.0 have been used for a long time. The consequent increasing complexity at all levels of companies creates uncertainty about the relevant organizational and technological capabilities and appropriate strategies for their development. Many companies already fulfill the principles of Industry 4.0., partially. Here, industry 4.0 does not represent a final stage (goal), but rather the transition to modern logistics management.



In summary, the developed application provides the following practical advantages:




	
Determine the level of readiness of internal logistics in the company, including sub-areas and their interconnection;



	
Gives a detailed analysis with the identification of bottlenecks within any area, pinpointing obtaining the worst-rated;



	
Internal identification of logistic strengths and weaknesses;



	
Reusability and adaptability of the evaluation tool;



	
Strategy set verification and subsequent implementation for Industry 4.0;



	
Awareness of the potential within the concept of Industry 4.0;



	
Creation of a team of people (experts) on Industry 4.0. topics.








Therefore, a methodology was proposed to assess logistics processes. Next, their readiness for Industry 4.0 was analyzed, and from a practical point of view, a tool was created. It often happens that industrial companies do not comprehensively address logistics as an area suitable for the implementation of modern technologies. Innovations serve often just for marketing purposes. Industry 4.0 is an idea rather than a specific goal. The process of transformation to modern logistics management is rather organic and companies do not look at the wider context.



It is also beneficial for businesses to become familiar with the concept of Industry 4.0, and businesses should give more importance to this concept and promote comparable technologies to successfully realize the entire concept of Industry 4.0. Currently, enterprises perceive the concept of Industry 4.0 as highly complex without strategic guidance, enterprises lack a clear idea of Industry 4.0, which leads to uncertainty about the benefits and results, and enterprises cannot assess their capabilities in Industry 4.0, which prevents the adoption of any coordinated measures. The implementation of the principles of Industry 4.0 is specific, and technologically, organizationally, and financially demanding for many companies. This creates further potential cooperation between the company’s management and a team of experts specializing in internal logistics and the concept of Industry 4.0, where greater details for implementation, knowledge of the company, and the identification of technological and financial possibilities for Industry 4.0 technologies can gradually be revealed. The goal is to create a broad team of experts across a wide spectrum who will participate in workshops in the enterprise and cooperate with the research organization represented by the authors of this article. Close cooperation was established with several companies.
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Figure 1. The total average value of enterprises’ preparedness level. 
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Figure 2. Average values of dimension levels of all companies. 
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Figure 3. Average values of subdimension levels of all enterprises. 
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Figure 4. Total number of occurrences of level values for all enterprises. 
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Figure 5. The total number of dimension level value occurrences for all enterprises. 
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Figure 6. Total number of occurrences of subdimension level values for all enterprises. 
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Figure 7. Average values in the automotive sector. 
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Figure 8. Total number of occurrences of values—automotive. 
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Figure 9. Number of level value occurrences for subdimensions—automotive sector. 
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Figure 10. Average values of suspension levels—mechanical engineering. 
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Figure 11. Total number of occurrences of values—mechanical engineering. 
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Figure 12. Total number of occurrences of level values for subdimensions—mechanical engineering. 
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Figure 13. Average values of sublevels—electrical engineering. 






Figure 13. Average values of sublevels—electrical engineering.



[image: Applsci 12 07789 g013]







[image: Applsci 12 07789 g014 550] 





Figure 14. Number of values’ occurrences—electrical engineering. 
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Figure 15. Number of occurrences of level values—electrical engineering. 
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Figure 16. Comparison of average values of dimensions according to industry. 
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Figure 17. Comparison of average values of dimensions in the automotive and mechanical engineering industries. 
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Figure 18. Comparison of the total number of occurrences of values for automotive and mechanical engineering. 
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Table 1. Six levels of readiness.
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	Level
	Management
	Processes





	Level 0
	Unmanaged
	Processes are not explicitly defined.



	Level 1
	Managed
	Certified process management.



	Level 2
	Controlled
	Digitized data collection (from processes), the introduction of automation.



	Level 3
	Controlled
	Part of the process is automated and connected to an external data source.



	Level 4
	Controlled
	Processes are automated, with limited human intervention.



	Level 5
	Controlled
	Processes are automated and human-controlled.
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
Average values of sub - levels - Automotive

Erpre—
P p—

5012 ot rovson o et el
so1tSuso Teckolgy
prm—

509 Envronment ndsuiapne marsgement
R ———
507 pactagngensopsndpcgng method
506 el Receot o shooing

P ——

504 toe ety

P

T ——— 15
R 151
e ———
—————
e —————
C——— .
E——
e
m——————1 51
e————(. 51





media/file4.png
Average values of dimension levels

D5: Material

identification AR 2 03
o:sury - N

03: Packaging N 2 o
o RS ¢

D1: Handling ERIIRNERRNERTNNERR 224

Levels





media/file30.png
Number of level value occurrences for subdimensions—electrical
engineering sector

SD14: Information security

5D13: Method of identification

SD12: Information assurance of material appeals

SD11: Supply Technology

SD10: Supply technology

SD9: Environment and packaging management

SD8: Types of packaging and packaging material

SD7: Packaging technology and method of packaging

SD6: Material receipt and dispatch

SD5: Information assurance during storage

SD4: Storage technology

SD3: Information security during handling

SD2: Handling units

SD1: Manipulation technique

o
2

4 6 8 10 12

Mlevel5 ®mleveld mleveld mlevel?2 mlevell M LevelD

14





media/file18.png
Number of level value occurrences for subdimensions—automotive sector.

SD14: Information security

SD13: Method of identification

SD12: Information assurance of material appeals

SD11: Supply Technology

SD10: Supply technology

SDS: Environment and packaging management

SD8: Types of packaging and packaging material

SD7: Packaging technology and method of packaging

SD6: Material receipt and dispatch

SD5: Information assurance during storage

SD4: Storage technology

SD3: Information security during handling

SD2: Handling units

SD1: Manipulation technique

IHHIIHHHI

25

o
i
=
o
=
i
()
o

Hmlevel5 ®leveld mlevel3 mlevel2 mlevell ®levelO

30





media/file35.jpg
‘Comparison of the total number of occurrences of value by industry

.
o

H

3 a4

F

5

a0 o
. s
ae

W Automotive M Strojirenstvi M Elektrotechnika





media/file21.jpg
Total number of occurrences of values - Mechanical Engineering

20
199
200

150

118
100 8
o
2
| U
0
3 4 s





media/file26.png
Average values of sub - levels - Electrical engineering

SD14: Information security

SD13: Method of identification

SD12: Information provision of material recalls

SD11: Supply Technology

SD10: Supply technology

SD9: Environment and packaging management

SD8: Types of packaging and packaging material

SD7: Packaging technology and packaging method

SD6: Material Receipt and Shipping

SDS: Information security during storage

SD4: Storage technology

SD3: Information provision during handling

SD2: Handling units

SD1: Handling technology

IR 2

e 297

e 300

S

I 2.60

. 2.00

e 240

I N 2 .40

i ool X -7

. 230

R 2 20

T, 2,87

I 280

IR 247





media/file27.jpg
120

100

8 & 8 8

Level 0

20

Level 1

101
72
Level2 Level 3

37

Level 4

Level 5





media/file3.jpg
Average values of dimension levels

DS: Material
identification

I - >3

sty RIS 2.13

03:pactaging I > 02

o2 svorsge R 7 2

01: Handing - I, > 2

Levels





media/file22.png
Total number of occurrences of values - Mechanical Engineering

250
199

200
o 148
100 89

50

22
. ] 0
1 2 3 4 5 6





media/file19.jpg
Average values of sub - levels - Mechanical engineering

5014: nformation secury

5013: Method of dentiication

5012: nformation provison of materal recalls

5011:Supply Technology

5010: Supply technology

509: Environment and packaging management

508:Types of packaging nd pockaging materal

507: Packaging technology and packaging method

506: Materiol Recelptand Shipping.

505:Information securty during storage

504:torage technology

503:Information provision during handing

502:Handiing units

SD1: Handiingtechnology

Em—— 16

S 1 6

R 203

R 1 82

SEm— 1 7

— 3

E————

e %

T ——— 151

R 1 75

[t Tt

— 5

——

——.5





media/file7.jpg
600

500

400

300

200

100

Total number of occurrences of level values for all
enterprises

Level 0

Level 1

Level 2

Level3

Level 4

Level 5





media/file28.png
120

100

20

Level O

101
T2
20
Level 1 Level 2 Level 3

Level 4

Level 5





media/file10.png
Number of occurrences

140

120

100

80

60

20

The total number of dimension level value occurrences for all enterprises

123
108
i 104
87 - 87
78
65
52 54 B 54 = 52
a1 -
31 -
21
13 14 14 16
] 4

I 0 I - I l 0 | s = 0

D1: Handling D2: Storage D3: Packaging D4: Supply D5: Material
identification
m Level 0 m Level 1 m Level 2 m Level 3 m Level 4 m Level 5





media/file33.jpg
Comparison of average values of dimensions by industry

I 2.66.
DS: Material identification  INEEG_—_—_—_—_—_—_— 1 o4
e 257

R A N R 078
D4: Supply I 1 35
ety

RSN 027
D3: Packaging NN, 142
ST 2,42

S 2 36
02: Storage TSI 178
T e 262

eEsr————
D1 Maripulation NS 5
ST 256

0 1 2 3
Levels

u Electrical engineering  ® Mechanical engineering & Automotive





media/file32.png
Mechanical engineering

Automotive

o
o
m
—
=
wm
N
N
w





media/file14.png
Average values of sub - levels - Automotive

SD14: Information security

SD13: Method of identification

SD12: Information provision of material recalls

SD11: Supply Technology

SD10: Supply technology

SD9: Environment and packaging management

SD8: Types of packaging and packaging material

SD7: Packaging technology and packaging method

SD6: Material Receipt and Shipping

SDS: Information security during storage

SD4: Storage technology

SD3: Information provision during handling

SD2: Handling units

SD1: Handling technology

TR 282

L BRS

e ST 2,79

] 279

e PR

S, 248

T 2,38

I 248

S e —— I X1

iR 282

AR 2.7

TR 2282

R G N

R PR 2.31





media/file11.jpg
Total number of occurrences of level values for
subdimensions

SD14: Information security
SD13: Method of identification

SD12: Information provision of material..

SD11: Supply Technology
SD10: Supply technology

SD9: Environment and packaging.

SD8: Types of packaging and packaging.

SD7: Packaging technology and packaging...

SD6: Material Receipt and Shipping
SDS: Information security during storage
5D4: Storage technology

5D3: Information provision during handling
D2: Handling units

SD1: Handling technology

|
=
_
e
—_————
-
—_—
—_——

S —

[ ——
—_——
[T
———
——

0 0 20 30 40 50

mlevel5 mleveld mlevel3 mlevel2 Mlevell ®Level0





media/file6.png
Average values of subdimension levels

SD14: Information security

SD13: Method of identification

SD12: Information assurance of material appeals

SD11: Supply Technology

SD10: Supply technology

SD9: Environment and packaging management

SD8: Types of packaging and packaging material

SD7: Packaging technology and method of packaging

SD6: Material receipt and dispatch

SD5: Information assurance during storage

SD4: Storage technology

SD3: Information security during handling

SD2: Handling units

SD1: Manipulation technique

2.2

I 0.5 1

I, 279

I ©. /9

I, 273

246

I 033

246

L 2se

e

287

2.2

274

I, .31





media/file36.png
Number of occurrences

25

20

15

10

0

Comparison of the total number of occurrences of value by industry

Level 1

B Automotive

20.2

13,

Level 2
Levels

W Strojirenstvi

..ooo..!-s

Sbl :
I l 2.
|

Level 3 Level 4

M Elektrotechnika





media/file15.jpg
Total number of occurrences of values—automotive.

250 m 235
200
150

100






nav.xhtml


  applsci-12-07789


  
    		
      applsci-12-07789
    


  




  





media/file16.png
250

200

150

100

50

Total number of occurrences of values—automotive.

232 235
79
46
. 4
2 3 4 5 6





media/file2.png
Overall average value of the preparedness level

Toer AN
level 2.24

0 1 2 3 4
Levels





media/file20.png
Average values of sub - levels - Mechanical engineering

SD14: Information security [N 1.64
SD13: Method of identification Y 164
SD12: Information provision of material recalls I 2.03
SD11: Supply Technology . 1.82
SD10: Supply technology I 177
SD9: Environment and packaging management I 1.33
SD8: Types of packaging and packaging material I 1 58
SD7: Packaging technology and packaging method Y 1.36
SD6: Material Receipt and Shipping T 191
SDS: Information security during storage I 175
SD4: Storage technology [N 1.70
SD3: Information provision during handling N 1.67
SD2: Handling units [N 1.88

SD1: Handling technology N 1.39





media/file23.jpg
Number of level value occurrences for subdimensions—mechanical
engineering sector

D] I —

Bl e —
e e st s R ——————
P —
s —
S g, ——
Tt g . —.
g el ———
B
D g e ——
s e e ——
[y ==
B ——
e ——





media/file5.jpg
Average values of subdimension levels

S0t sy E———— 11
ot ot ——— 151
S0t e o e s —17)
o e E———— 7>
5010 ciry —— 73
507t s ot ——45
500 gt oo el E——13
50 paagn gy el g E———
S0t s o, ——— 15
D ————
S0 s et E———
O st st i ————— 51
ot gt E———— 74

S iin i E— .31





media/file24.png
Number of level value occurrences for subdimensions—mechanical

SD14: Information security

SD13: Method of identification

SD12: Information assurance of material appeals
SD11: Supply Technology

SD10: Supply technology

SD9: Environment and packaging management
SD8: Types of packaging and packaging material
SD7: Packaging technology and method of packaging
SD6: Material receipt and dispatch

SD5: Information assurance during storage

SD4: Storage technology

SD3: Information security during handling

SD2: Handling units

SD1: Manipulation technique

engineering sector

I

Q
u
[y
o

Mlevel5 Mlevel4 mlevel3 Mlevel2 Mlevell ®LevelO

15 20

25





media/file29.jpg
Number of level value occurrences for subdimensions—electrical
engineering sector

St ey —
S
5012 o ettt e, I
e E—
oo sonoor —
S L E—
8 st o s s |
s e mmenssctsoanse —
ot e et o, R e———————
5 et e g e ————
08 e s ———
50 oty g,
e, ——
P —— ]






media/file1.jpg
Overall average value of the preparedness level

el
level 22

Levels





media/file31.jpg
Eletrical engineering

Mechanical engineering

Automotive

°
°
&
&

255





media/file25.jpg
Average values of sub - levels - Electrical engineering

S014: nformaton security

5013: ethod of dentiicaton

5012:nformtion provision of matera recls

S011:Supply Technology

5010:Supply technology

508:Environment and packaging management

508:Typesof packaging and packaging material

507:Pacaging technoloy and packaging method

506:Material Receiptand Shipping

505 nformations ecurty durng storage

504 Storage technology

503:Information provision during handiing

502 Hondlingunts

501 Handiing technology.

N 250

S 2 47

EEET—————— %0

e ——————— 1.t

T 100

T 1 40

S 240

e —— 26

EeE—— 3

S 2 10

E—————— 57

ST 180

————— 1





media/file12.png
Total number of occurrences of level values for

SD14: Information security
SD13: Method of identification

SD12: Information provision of material...

SD11: Supply Technology
SD10: Supply technology

SD9: Environment and packaging...
SD8: Types of packaging and packaging...
SD7: Packaging technology and packaging...

SD6: Material Receipt and Shipping

SD5: Information security during storage
SD4: Storage technology

SD3: Information provision during handling
SD2: Handling units

SD1: Handling technology

subdimensions
P —
—
—
——
s
e —
e
————
et
e E——
R ——
S ————
—
o T
0 10 20 30 40

HMlevel5 MWleveld4d mlevel3 MWlevel2 BHlevell HLlevelO

50





media/file9.jpg
The total number of dimension level value occurrences for all enterprises.

-
. Il‘ll Ill‘ Iz II‘I' .I||I -I‘II

O Handing, 02:torage D3:Pactaging 8 Supply os:Materil
identfcation

H

MLNR:  GASS  WBAME: el mems SRR





media/file0.png





media/file8.png
600

500

400

300

200

100

Total number of occurrences of level values for all
enterprises

Level O

Level 1

Level 2

Level 3

Level 4

Level 5





media/file34.png
Comparison of average values of dimensions by industry

e 2.66
D5: Material identification NN 164
N 257

T 278
D4: Supply I 186
T 217

e 2.27
I, 142
T 242

e 2.36
D2: Storage [N 178
T 262

 eeeeeeeeeee———
D1: Manipulation NN 165
T 256

0 1 2 3
Levels

B Electrical engineering W Mechanical engineering B Automotive

D3: Packaging






media/file17.jpg
Number of level value occurrences for subdimensions—automotive sector.

L ———————————
st e e
B e ]
B e ——r

o e R ——





