
applied  
sciences

Article

Proposal of a Tool for Determining Sub- and Main Dimension
Indicators in Assessing Internal Logistics Readiness for
Industry 4.0 within a Company

Peter Poor 1,* , Michal Zoubek 2 and Michal Simon 3

����������
�������

Citation: Poor, P.; Zoubek, M.;

Simon, M. Proposal of a Tool for

Determining Sub- and Main

Dimension Indicators in Assessing

Internal Logistics Readiness for

Industry 4.0 within a Company. Appl.

Sci. 2021, 11, 11817. https://doi.org/

10.3390/app112411817

Academic Editor:

Giuseppe Marannano

Received: 26 October 2021

Accepted: 1 December 2021

Published: 13 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 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/).

1 SWEP AB, Industrial Park Kechnec 288, 044 58 Sena, Slovakia
2 Christ Car Wash s.r.o., Koterovská 534/175, 326 00 Plzeň, Czech Republic; mzoubek@christ-ag.com
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Abstract: Key elements of Industry 4.0 are the digitization of products and production, enterprise
information systems, robotic workplaces, communication infrastructure, and of course, employees.
Industry 4.0 transforms production from stand-alone automated units to fully integrated automated
and continuously optimized production environments. According to the prediction of Industry 4.0,
new global networks will be created based on the interconnection of production equipment into
CPS systems. These systems will be the basic building block of the so-called “smart factories”, and
will be able to exchange information autonomously, trigger the necessary actions in response to
current conditions and mutually independent inspections. The aim of this article is to describe
the issue of readiness models for the Industry 4.0 concept, which are commonly used as tools for
conceptualizing and measuring the maturity of an organization or process related to a specific target
state. Characteristic for the models is their use because, on this basis, it is possible to identify the
current readiness for the concept of Industry 4.0 comprehensively in the whole company or in
various sub-areas.

Keywords: methodology; indicators; dimensions; logistics; Industry 4.0

1. Introduction

While the previous industrial phase brought computers and robots to the industry, the
Fourth Industrial Revolution connected them and taught them to communicate with each
other. The key to the concept of smart factories is the ability to interconnect all operating
machines and equipment [1], and only within the manufacturing sector. However, the pace
of adoption of the Industry 4.0 concept varies across industries and companies [2], and the
concept is at the heart of many futuristic visions. However, we need more information on
the current state of preparedness in industry and especially in mechanical engineering—i.e.,
a key industry for the implementation of the Industry 4.0 concept [3].

The aim of this article is to describe the issue of readiness models for the Industry 4.0
concept [4], which they commonly use as tools for conceptualizing and measuring the
maturity of an organization or process related to a specific target state. Characteristic for the
models is their use, because on this basis, it is possible to identify the current readiness for
the concept of Industry 4.0 comprehensively in the whole company or in various sub-areas.

The concept of Industry 4.0 is also inflected in the field of logistics with the intro-
duction of automation, robotics, or modern warehouse systems with a key element of
digitization [5]. Development based on these principles presents huge challenges for the
logistics sector as well as opportunities for further growth and development. However,
it is important to be more specific because the field of logistics is very large. Industry 4.0
technology will also be reflected in internal logistics processes. Internal logistics, as stated
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by [6–8], is a very important part of production processes [9], only areas such as warehous-
ing and supply of production lines with input materials are among the key processes of the
company. This process is different according to the types of production. For series produc-
tion, it is possible to automate, for example, using automatically guided vehicles [10,11].
For small series production, this is still very difficult due to the complexity and irregularity
of the process. Based on the concept of Industry 4.0, the irregularity of processes can be
changed into an autonomous form and, for example, self-learning robots [12] can be a link
that can eliminate this short-coming.

If we start from this concept, all warehousing operations will be fully automated,
from the receipt of goods, through storage to picking and assembly into production. A
software-controlled warehouse connected to the material flow is one of the central aspects
of the concept. At the end, there should be self-sufficient production, where the machines
themselves ensure the order and import of parts or materials from the production or
input warehouse. Based on the complete interconnection of the warehouse and produc-
tion [13–15], as presented by most operations, these will be managed automatically and
the internal logistics will have a central function in the management of material flows [16].
Enterprise information systems coordinate logistics flows in the company in real time,
which eliminates logistics downtime, provides up-to-date and accurate information on
material movements in the company and on movements of finished components between
warehouses and production, and automatically integrates relevant data.

After these positive aspects of the applicability of Industry 4.0 to the field of internal
logistics [17–19], we can ask the question, what impact will the process of digital trans-
formation have on individual companies and how great will be its potential for internal
logistics? Most possible solutions in the field of internal logistics are related to automation
and robotics. Robotic handling equipment can operate without added infrastructure and
is un-restricted on fixed routes, offering great progress in terms of flexibility, utilization,
and productivity.

When managing and monitoring handling processes in connection with Industry 4.0,
there is a constant increase in the volume of transmitted and processed data [20]. Data is
necessary for monitoring, self-management, and visualization of the handling process in
real time. Devices with artificial intelligence are also self-maintainable. After the above
advantages and benefits of logistics in combination with the principles of Industry 4.0, it is
evident why it is important to solve logistics processes within this concept. However, it is
important to become more concrete in terms of the broad scope of logistics. Therefore, an
important step is to focus on internal logistics within the company. [21]

The company’s management should create a strategy in which it evaluates the readi-
ness of internal logistics processes for the Industry 4.0 concept. This is part of the works
of [22–25] Readiness will be evaluated on the basis of the use of the proposed tool. The
methodology is designed for industrial enterprises that have certain characteristics and
these may be different. It is appropriate to design the methodology so that it can be fully
applied and obtain quality results for specific types of companies,

With the help of this created tool, internal logistics processes will be evaluated in terms
of readiness for the Industry 4.0 concept. Part of this can be found in the works of [26–28].
Objective evaluation with a multi-level system is expedient, and therefore internal logistics
is structured into sub-areas. The highest levels represent the full applicability of principles
and technologies according to Industry 4.0.

2. Materials and Methods

The aim of this part of the article is to describe the issue of readiness models for the
Industry 4.0 concept, which are commonly used as tools for conceptualizing and measuring
the maturity of an organization or process related to a specific target state. Characteristic
for the models is their use because on this basis, it is possible to identify the current
readiness for the concept of Industry 4.0 comprehensively in the whole company or in
various sub-areas. Alternatively, the models try to find potential places to improve the state
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of preparedness. Models come in many modifications, ranges, and complex ones should
equip companies with practical knowledge of the following aspects:

• What is Industry 4.0 and what are the tangible benefits it could bring?
• What is the level of readiness of the company, sub-areas or individual facilities?
• How can a company gradually and purposefully improve and increase its level?

Businesses must be ready for development according to Industry 4.0. Readiness is
assessed according to preparedness models, which companies divide into different areas.
The highest rating corresponds to the technologies of Industry 4.0. In international sources,
the models are professionally called the “Maturity Model” or “Readiness Model” [29];
German sources use the name “Reifegradmodell” [30]. In general, the model has its
definition, there are different types, and it is a mathematical concept, however, within this
area of the dissertation [31], the model is taken as an alternative to the concept of readiness
assessment tool, and there is no focus on mathematical details.

The key concept behind most types of preparedness models is the Capability Maturity
Model (CMM), the later developed Capability Maturity Model Integration (CMMI), and the
added word “integrated” means that the model integrates several standards together. The
model was created under the auspices of SEI at Carnegie Mellon University. The default
name can be freely translated from the original language as a tiered maturity model [32].

CMMIs focus on improving processes in the organization and determine the rules that
teams should follow [33]. They contain the basic elements of effective processes for one
or more disciplines and describe the path of evolutionary improvement from immature
processes to disciplined, mature processes with improved quality and efficiency. This
is in contrast to other similar standards because it uses maturity levels with a possible
gradual increase in perfection [34]. CMMIs provide guidance on how to proceed in process
development; in general, they focus primarily on consistent organization, planning, and
monitoring of processes. The actual processes used in an organization depend on many
factors, including the application domains and the structure and size of the organization.
The level reached by the team in the company is assessed by an assessment carried out by
a trained internal or external assessor in a manner defined by the author organization as
the standard [35].

Today, the CMMI model is an application of the principles and concepts introduced
almost a century ago into this endless cycle of process improvement. The value of this
approach to process improvement has been confirmed over time. For example, the benefits
for organizations have been increased productivity and quality, shorter cycle times, and
more accurate and predictable plans and budgets [36]. The main goal and purpose of the
model is to help the organization plan, define, implement, develop, evaluate and improve
processes. These are so-called “best practices”, i.e., practices that have proved their worth in
the past and can be adopted as a framework for process management in organizations It is
not a methodology, but a model that determines the goals that the company should achieve
without precisely prescribed procedures. So it basically doesn’t matter how the company
fulfills them. However, recommendations are made on how to achieve the mandatory
objectives. However, the recommendations are voluntary and not interlinked, so together
they do not create a methodology [37].

Readiness models for Industry 4.0 concept always work with the main parameters,
which are the analyzed areas (dimensions) and levels. Areas define the model, so some
multi-dimensional models are more complex and cover a wider range of business areas;
some are profiled in detail for a specific area for a change. The second main parameter is
levels of evaluation.

The CMMI tiered model defines maturity levels, so companies can develop their
processes. It thus provides a framework for organizing evolutionary steps into five levels of
maturity, which will lay the foundations for continuous process improvement. These five
levels of maturity define the scale of order for measuring the maturity of an organization’s
software process and its ability to evaluate the process [38]. The level of maturity is a
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well-defined development platform for achieving an advanced process. Each level of
maturity provides a layer as a basis for continuous process improvement [39].

In CMM, these are the following levels of maturity:

1. Initial: Teams at this level do not perform defined processes or only partially.
2. Managed: Project management is established and activities are planned.
3. Defined: Procedures are defined, documented and controlled.
4. Quantitatively controlled: Products and processes are quantitatively controlled.
5. Optimizing: The team is constantly optimizing its activities [40].

Analyzed Models of Readiness

As mentioned above, CMMI model serves as a key concept for most types of prepared-
ness models. During our research, around fifty models were found, which assessed the
company’s readiness for the Industry 4.0 concept. After the first selection in terms of quality
and suitability for further research, a total of 35 models were analyzed. Some are very
complex, some more concise ones. For the analyzed dimensions, the focus of the models
plays a role. Some models are designed more for production areas, some for logistics
or information security. Only their name and source will be listed in this subchapter. A
detailed analysis with all the main parameters important for this research concerned the
following Industry 4.0 readiness models:

1. Impulse—Industry 4.0 Readiness [41,42].
2. SIMMI 4.0—A Maturity Model for Classifying the Enterprise [43].
3. PwC Maturity Model 4.0: Building the Digital Enterprise [44].
4. A Maturity Model for Assessing Industry 4.0 Readiness and Maturity.
5. A Maturity Model for Assessing the Digital Readiness of Manufacturing [45].
6. Development of an Assessment Model for Industry 4.0: Industry 4.0-MM [46].
7. M2DDM—A Maturity Model for Data-Driven Manufacturing [47].
8. The Singapore Smart Industry Readiness Index [48].
9. Rockwell—The Connected Enterprise Maturity Model [49].
10. Model according to the Working Group of the company firma4.cz [50].
11. Digitalization Degree in the Manufacturing Industry in Germany [51].
12. Digital Maturity & Transformation Study St. Gallen [52].
13. Capgemini-Asset Performance Management Maturity Model [53].
14. Towards a Smart Manufacturing Maturity Model for SMEs [54].
15. Preliminary Maturity Model for Leveraging Digitalization in Manufacturing [55].
16. The Logistics 4.0 Maturity Model [56].
17. Cybersecurity in the context of Industry 4.0 [57].
18. Study based analysis on the current digitalization degree in the manufacturing [58]
19. Concept for an evolutionary maturity based Industry 4.0 migration model [58].
20. Roadmapping towards industrial digitization based on an Industry 4.0 [59].
21. Contextualizing the outcome of a maturity assessment for Industry 4.0 [60].
22. The Reference Architectural Model Industrie 4.0 [61].
23. A Categorical Framework of Manufacturing for Industry 4.0 and Beyond [62].
24. Acatech Industrie 4.0 Maturity Index [63].
25. An Overview of a Smart Manufacturing System Readiness Assessment [64].
26. Maturity and Readiness Model for Industry 4.0 Strategy [65].
27. A Smartness Assessment Framework for Smart Factories [66].
28. Three stage maturity model in SME’s toward Industry 4.0 [67].
29. Intelligent Logistics For Intelligent Production Systems [68]
30. Logistics maturity of the service industry [69].
31. Defining and assessing industry 4.0 maturity levels—Case of the defence sector [70].
32. Maturity Levels For Logistics 4.0 Based On Nrw’S Industry 4.0 Maturity Model [71].
33. Logistics 4.0 Maturity in Service Industry: Empirical Research Results [72].

The readiness models for the Industry 4.0 concept always work with the main param-
eters, which are the analyzed areas (dimensions) and levels. Areas define the model, so
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some multi-dimensional models are more complex and cover a wider range of business
areas [73,74], some are profiled in detail for a change. The second main parameter is the
evaluation levels. Models use different numbers, characteristics, and definitions. However,
there are other attributes that the models have and it is important to know them. Using
scientific terminology, in the form of a method of analysis and comparison, the mentioned
models were searched. In addition to these methods, the method of abstraction is also
performed, where the potential of evaluation of internal logistics in some of the dimensions
is sought in the models.

3. Results

After reviewing and analyzing the readiness models, it can be stated that none of the
models comprehensively evaluates the readiness of the company within the concept of
Industry 4.0 in the field of internal logistics. The assessment is not comprehensive and
therefore sufficient even for models that are directly designed for internal logistics. Models
are more in the form of “frameworks”. For most preparedness models, logistics is generally
included within one dimension, or partial dimensions or isolated questions in evaluation
forms are addressed.

The models work with different levels of readiness and each contains the minimum
requirements that must be met. Levels are usually defined terminologically from the lowest
role of an outsider, through beginner, advanced, experienced, professional to the greatest
expert, some models use levels with brief characteristics from digital novice, integrated
and interoperable, fully implemented to fully digitally oriented entity.

Attitudes are most often ascertained through direct questioning of respondents. In
connection with the measurement of attitudes based on questioning, the general so-called
“scaling” is used. In standardized questioning, closed questions are mainly used, where
the respondent selects from a specified range of answers, i.e., answers through a scale.
The scale is made up of items expressing a certain level of evaluation and the degree of
agreement, so it is made up of categories. Levels are usually determined numerically with
a brief description.

After analyses of the existing readiness models, we can conclude that there is no
model involving logistics into the company’s readiness for Industry 4.0. Existing models
are presented often as a “framework”. Most of them only mention logistics as a sub-part of
a bigger company module (structure).

Despite the fact that the area of internal logistics has great potential in the moderniza-
tion of most internal processes, there is no comprehensive methodology that would assess
the readiness of internal logistics processes in Industry 4.0 in detail. The already developed
methodologies and models, which were analyzed and compared, served as inspiration for
the creation of a new methodology focused on internal logistics in the company, which
includes a new key factor for assessment-Industry 4.0. As mentioned from the point of view
of scientific research, the attributes of novelty and originality of the solution are important,
which are fully observed within the framework of this methodology for the fulfillment of
the main goal of the article.

The methodology is proposed for industrial enterprises that have certain characteris-
tics and these may be different. It is appropriate to design the methodology so that it can
be fully applied and obtain quality results for specific types of companies, at the expense of
a wide range of usability for all companies with complex data collection and poor quality
results. Therefore, several implementation conditions enter into the draft methodology,
which are described for clarity and must be incorporated into the draft methodology. En-
terprises may differ in size, type of production and its repeatability, sector of production
and then their individual logistics conditions, which relate to the logistics system of the
enterprise or the complexity of logistics operations.

In order for the final readiness assessment to be objective and to cover the area of
internal logistics as much as possible, it must first be structured in a certain way. Therefore,
the primary starting point for the proposed methodology is the internal logistics structure
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design, which will then be the subject of evaluation. Based on the criteria, this area is
gradually analyzed into several phases and the distribution of internal logistics within the
company then covers the main and secondary logistics activities. The structure has “three
phases” and characterizes the relationships between internal logistics activities.

• The main dimensions of internal logistics;
• Subdimensions of the main dimensions;
• A set of indicators covering a given subdimension.

The methodology itself with all the steps is described on Figure 1 below in the text.

Figure 1. Methodology creation.

Calculation Relationships for Evaluation

This part concerns the creation of data before real application into practice and builds
on the previous part concerning set levels and created indicators. As its name suggests,
the main content is the calculation relationships for the values obtained. The obtained
values are the levels of all indicators, which are input data into the methodology (see other
chapters) and the calculation of the relationships. The goal is to find a “mathematical
function” that will allocate levels of sub- and main dimensions from already set indicator
levels. All dimensions are intertwined.
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Computational relationships are used when the following inputs are known: Values
of indicators obtained from a structured interview.

Therefore, we know the levels of the indicators and it is necessary to continue the
evaluation for their superior subdimensions and then the dimensions. The final result is an
evaluation of the preparedness of the logistics area from Industry 4.0 point of view. Using
computational relations, we obtain the following outputs:

• Subdimension level values;
• Dimension level values.

An important aspect and an essential part of the methodology is the evaluation system,
i.e., how the evaluation of internal logistics processes will take place from the beginning
of data collection through their processing and the resulting evaluation. Data collection
from the company takes place in the form of a structured interview with a responsible
person with expertise in the field of internal logistics, in which the questions are answered.
Closed questions are created for all indicators. Based on its current status, the company
is classified at the appropriate level and evaluated in terms of readiness for Industry 4.0
in the field of internal logistics. The results are interpreted in an analytical and graphical
form directly by the company, for example, in a logistics audit or separately.

Computational Formulations

After assigning the value to the indicators, it is then necessary to calculate the values
for the 2nd phase of the structure-subdimension and for the 1st phase of the internal
logistics structure-dimension. The purpose of the calculations is known, and for this, it
is possible to find several methods, the use of which depends on the amount and quality
of information required, as well as on the very purpose of evaluation. It was, therefore,
appropriate to find such a method that will be the most advantageous for the assessment
and will not only meet the character of the best and fastest solution. The aim was, therefore,
to select a mathematical system with formulations which would fulfill a certain compromise
with objective results which have a telling ability and which can be further worked with.
For a better understanding of the computer system, it is also mentioned in this section that
the collection of input data takes place in the form of a structured interview, where levels
are assigned to all indicators. This indicator level value is the input for calculations.

Furthermore, we describe the partial steps of the mathematical apparatus.

1. System of evaluation and determination of final levels

As the most optimal solution here was using points proportionally, which represents
the ratio between achieved and maximum possible points in the examined area. The
indicators are marked on the scale from 0 to 5. The general formulation of the operation of
the proportions of the achieved and maximum possible points is in Formula (1).

x =
∑i bi

∑i Bi
(1)

The resulting value of the coefficient x takes values in the interval x ∈ <0; 1>.

• bi—number of points achieved in question i.
• Bi—maximum possible number of points of the question i.

2. Division of the interval into values.

To divide the interval between <0; 1>, we decided to use and an exponential function.
It was used mainly to extend the range of intervals for lower levels, i.e., the lower the level,
the more points need to be obtained. This is due to the expected investment intensity for
obtaining higher levels of readiness (costs are rising sharply, but the shift is small). For
this reason, a linear function was not used, thanks to which the distribution of intervals
(ranges) would be the same.
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The basic form of the exponential function is given in Formula (2):

y = Kx (2)

• K is the basis where K 6= 1.
• x is the exponent, x∈R.

In order to adapt the exponential function to the required distribution, the shape of
the function is controlled by constants A, B, and C. We get the formula of the function (3)
with constants:

y(x) = A× Bx + C (3)

• A, B and C—function parameters (constants).

The readiness level value is calculated by Formula (4):

yl(x) =
∫ x

0
(A× Bx + C)dx (4)

3. Function properties

The input value is the value of the coefficient x ∈ <0; 1>. The value of the integral yl
should take the values yl ∈ <0; 6>.

Level Lx = 0 to 4
yl(x) = 〈xLd, xLh) (5)

Level Lx = 5
yl(x) = 〈xLd, xLh) (6)

• yl—calculated value of readiness level (value of integral);
• yL—the resulting value of the readiness level;
• xLd—lower limit for a certain level;
• xLh—upper limit for a certain level.

4. Interval division

The generally defined level 2 is used as the main criterion and starting point for
dividing the interval <0; 1> Level 2 is defined as the established process control with full
digitization. It was therefore estimated and, in consultation with the experts, that the
company at this Level 2 should obtain at least 40% of the points.

Substituting into Formula (4) for the coefficient x = 0.4 we get Formula (7):

yl(x = 0.4) =
∫ x

0
(A× Bx + C)dx = 2 (7)

The value of the constants A, B, and C was numerically calculated based on the
condition in Formula (8),

max{x 1 = |
∫ x=0.4

x=0
(A× Bx + C)dx− 2|, x2 =

∫ 1

x=0
(A× Bx + C)dx− 6| → 0 (8)

Calculated function parameters:

• A = 2.862, B = 2.381, C = 1.4448.

Thus, after substituting parameters A, B, and C, the function yl has the form given in
Formula (9):

yl(x) = 2.8629× 2.3811x + 1.4448 (9)

5. Function f(x) graph and proposed intervals

Figure 2 shows the functions that are used to divide the individual levels into which
the calculated coefficient values are included. The function f(x) is shown with red color.
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The area under the curve f(x), presented by the green curve, is calculated by integrating the
function f(x).

Figure 2. The value of the readiness level depends on the value of the exponent.

Levels are represented by the area under the red curve. The achieved level is the
largest integer multiple of the area of size 1 (size of each level), and can be realized on the
interval <0, x> (see Figure 3). In addition, individual level sizes are presented in the picture.
Figure 3 shows this distribution of the interval between the 6 levels. Level 1 is defined as a
controlled process with certified process management, however without digitization and
vice versa Level 3 is that the company has controlled processes that are partially automated
and connected to an external data source. This point does not mean that the company has
all the technologies according to “Industry 4.0”. It marks the beginning of digitization; 40%
of the points is not Industry 4.0, it is just the beginning of digitization. First it is necessary
to digitize the company, then it is possible to implement Industry 4.0. 40% is the point from
which we start, is not a threshold, it is a border of digitization and it is chosen practically.

Figure 3. Interval distribution for preparedness levels.

Table 1 shows the calculated range for the interval <0; 1> for each of the six prepared-
ness levels.

Table 1. Interval range and corresponding levels.

Level
Interval Range

From To

0 0 0.2176
1 0.2176 0.4096
2 0.4096 0.5806
3 0.5806 0.7342
4 0.7342 0.8731
5 0.8731 1
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Interval limits are designed in accordance with Formulas (5) and (6).
An exponential function was chosen to divide the interval <0; 1>. This feature was

used mainly to extend the range of intervals for lower levels, i.e., the lower the level, the
more points you need to get. This is due to the expected investment intensity for obtaining
higher levels of readiness (costs are rising sharply, but the shift is small). For this reason,
the linear function was not used.

Level 4 and especially level 5 represent the highest readiness and correspond to
Industry 4.0. principles. In particular, Level 5 is designed with such a philosophy that it
fully fulfills the vision, mission, and assumptions of Industry 4.0. That is, the company has
not only partially applied technologies, which can be in level 3 or level 4, but comprehensive
coverage of the entire logistics internal area.

4. Discussion

The proposed methodology is processed and created within the “creation process”.
These are fixed documents consisting of partial steps that have already been introduced [75].
When applying the methodology and collecting input data for the analysis and evaluation
of companies, this process is also divided into sub-phases. See the tables (Tables A1–A3)
in Appendix A. A similarity is also visible in recent works of [76–80]. The aim is basically
to determine the current state of readiness for the concept of Industry 4.0 for all internal
logistics processes in the entire company without restrictions and after the creation of solid
documents must be described how the methodology is applied.

For future research, the methodology will be applied and verified in 29 industrial
enterprises from the region. The resulting data will be analyzed according to several
aspects. Enterprises are divided according to industry, their size, or type of production.
Several models with similarities can be found in [81–83]. As part of the data analysis, the
output data of the companies will be compared with each other and it is then possible to
evaluate the level of readiness of the company’s internal logistics within different groups
according to the criteria.

Theoretical benefits of this research are based on a thorough study of available pro-
fessional resources [84,85] on topics that correspond to the output of the work. The first
and important phase was, therefore, to study and evaluate the literature [86–88] and the
opinions of experts who deal with this development. Despite the fact that the area of
internal logistics has great potential in the modernization of most processes, there is no
comprehensive methodology [89–92] that would assess the readiness for Industry 4.0
in detail.

Created methodology, based on a defined theoretical basis, mutual relations between
individual areas

• A new method of evaluation, which is based on set six levels (0–5) for the evaluation
of indicators, sub-dimensions, and dimensions;

• Evaluation, which uses a suitable mathematical basis applicable for the entire field of
internal logistics;

• An innovative scoring system based on a point system divided into six intervals using
an exponential function.

The benefit for business practice is, therefore, the creation of a comprehensive indepen-
dent evaluation tool in the form of a methodology. The purpose is to analyze the current
state and evaluate readiness, which can also be seen in works [93–95]. It is also useful that
evaluations with this tool can be used repeatedly by companies. Thus, it is possible to
compare the results over a period of time by repeated evaluation. This is already individual
according to the companies and due to the measures and implementation of new facilities.

5. Conclusions

The evaluation brings two areas of results into the company—an overall assessment of
readiness for the entire area and detection of weaknesses in the structure of internal logistics
affecting low evaluation. Certain assumptions for the methodology were mentioned in
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the introduction and these were observed. The methodology is applied to all types of
companies in terms of size, but the main group are medium and large companies. The
overall level of readiness for Industry 4.0 depends to some extent on the business size. It is
very similar for companies with different types of production according to repeatability.
From the point of view of industrial sector, the assumption was met and the methodology
was applied within the manufacturing industry among the branches of the automotive,
engineering and electrical engineering industries. Because it is a structured interview
with a defined scale technologically and numerically, the individual evaluations are not
mutually influenced and the evaluation can be performed at any time and it is possible to
repeat this evaluation. In addition, in case of similar companies evaluated according to
aspects such as type of production and company size, the evaluation allows comparison in
key areas of internal logistics.

Internal logistics in a company is a very large area intertwining with processes across
the company. The same is true for the Industry 4.0 concept. It is the intersection of these
topics and the combination of internal logistics and the concept of Industry 4.0 that has
potential and creates a lot of space for further research. Recommendations for further
research and work on the mentioned issues also depend, among other things, on the degree
of processing of individual parts. Despite the detailed elaboration, it is such an extensive
issue that it contains a lot of potential for future research. For example, other methods,
as for example multi-criteria decision-making methods (MCDM) could be used. The use
of MCDM methods and models will allow obtaining a more adequate assessment of the
readiness of logistics for Industry 4.0

However, as the main topic for further continuation of research on this issue is the
possible continuation and connection to the analytical part. This could be followed by a
design phase (corrective and preventive), which would contribute to the improvement or
streamlining, and in particular, to increase the readiness of internal logistics in the company.

One of the initial steps would be to focus in detail on the results and identify the
worst areas of internal logistics with a set target level. The next steps are to decide whether
to optimize the whole area or only a partial indicator, which is then selected and partial
measures are set for it. It includes defining ways to achieve improvement in each of the
key areas. Thus, the methodology would be not only a diagnostic tool, but a complete
methodology also enabling design measures. A comprehensive expert system would be
created in the future as a part of ongoing research projects.

Industrial practice also has to deal with possible obsolescence of the proposed model
and this preparedness assessment tool needs to be updated over time. The main parameters,
evaluation system, mathematical evaluation do not need to be changed, however, the
indicator’s characteristics will need to be adjusted in terms of potential future development
of new technologies.
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Appendix A. A Table with All Companies with the Main Description and Their Readiness for Industry 4.0.

Table A1. Companies with the main description and their readiness for Industry 4.0.

Company Size Employees Number Production Type According
to Repeatability Production Type Company Strategy towards

Industry 4.0
Implementation of Industry
4.0 into Internal Logistics Shifts

Large 1250 Large series Electronic components Partly-Projects fit into the
concept of Industry 4.0 No 3

Medium 65 Small series Production of metal
components–couplings

No-The projects do not concern
the Industry 4.0 concept No 3

Large 1000 Serial Assembly of car seats Yes Yes 3

Small 49 Small series Production of weldments,
other metal production

No-The projects do not concern
the Industry 4.0 concept No 2

Large 600 Serial Door panels and car interiors Partly-Projects fit into the
concept of Industry 4.0 Partly 3

Large 1900 Serial Car locking systems Yes Yes 3–4

Large 650 Serial Chassis parts Partly-Projects fit into the
concept of Industry 4.0 No 3–4

Large 400 Large series Production of steel bumpers Yes Yes 3
Large 1050 Large series Room heat pumps Yes Yes 3

Large 500 Serial Components for fluid systems
and car seats

Partly-Projects fit into the
concept of Industry 4.0 No 2

Large 1120 Small series Aerospace industry-assembly Partly-Projects fit into the
concept of Industry 4.0 Yes 3

Medium 230 Serial Propulsion and control
systems for VZV Yes Yes 3

Large 1100 Serial Car seats and electrical
systems

Partly-Projects fit into the
concept of Industry 4.0 Partly 3

Large 1650 Serial Headrests and seat frames Partly-Projects fit into the
concept of Industry 4.0 Partly 3

Large 1200 Large series PCB connectors Partly-Projects fit into the
concept of Industry 4.0 Partly 3

Large 480 Serial Manufacture of
washing equipment

Partly-Projects fit into the
concept of Industry 4.0 Partly 3–4

Large 850 Serial Manufacture of bus bodies No-The projects do not concern
the Industry 4.0 concept No 3

Large 1200 Large series Manufacturer of OLED and
LCD TVs Yes Yes 3

Large 1300 Serial Air conditioning units Partly-Projects fit into the
concept of Industry 4.0 Yes 3
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Table A1. Cont.

Company Size Employees Number Production Type According
to Repeatability Production Type Company Strategy towards

Industry 4.0
Implementation of Industry
4.0 into Internal Logistics Shifts

Small 50 Small series Burning, pressing, machining
of metal parts

No-The projects do not concern
the Industry 4.0 concept No 2

Medium 220 Small series Welded parts, other
metal production

No-The projects do not concern
the Industry 4.0 concept No 3

Medium 240 Small series Welded parts, other metal
production, assembly

No-The projects do not concern
the Industry 4.0 concept No 3

Large 1400 Serial Textile elements of car trim Partly-Projects fit into the
concept of Industry 4.0 Partly 3

Large 900 Serial Production of car
control systems

Partly-Projects fit into the
concept of Industry 4.0 Yes 3

Large 670 Small series Fans, conveyors, flaps,
and closures

No-The projects do not concern
the Industry 4.0 concept No 3

Large 3100 Large series Seat structures, door locks Yes Yes 3

Small 50 Small series Manufacture of tools No-The projects do not concern
the Industry 4.0 concept No 2

Large 400 Serial Production of cutting tools Partly-Projects fit into the
concept of Industry 4.0 Partly 3

Medium 250 Large series Electronic components No-The projects do not concern
the Industry 4.0 concept No 3

In addition, a list of companies with points earned from the questionnaire.
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Table A2. List of companies with points earned from the questionnaire.

Company Number Company
1

Company
2

Company
3

Company
4

Company
5

Company
6

Company
7

Company
8

Company
9

Company
10

Company
11

Company
12

Company
13

Company
14

Company
15

U1 1 1 3 1 1 3 0 3 4 2 2 3 3 2 1
U2 2 2 3 0 3 3 0 3 4 1 2 3 3 2 1
U3 1 1 4 0 2 3 1 4 4 1 2 3 2 2 1
U4 2 2 3 1 3 3 2 3 4 2 3 3 3 2 2
U5 2 2 3 0 3 4 3 4 4 3 3 4 3 3 4
U6 2 2 3 1 2 3 2 3 3 2 3 2 2 2 2
U7 2 1 3 1 3 2 1 3 3 2 3 3 3 2 2
U8 2 1 3 0 2 3 1 4 4 2 3 4 3 2 2
U9 3 2 4 0 3 3 2 4 4 2 2 4 3 2 3

U10 1 0 1 1 2 3 2 2 3 2 4 3 2 3 3
U11 1 0 3 1 2 3 3 1 3 3 3 3 3 3 3
U12 2 0 1 1 3 3 2 3 3 2 4 3 2 3 3
U13 2 0 1 0 2 3 2 2 2 2 3 3 2 3 3
U14 2 1 2 1 2 2 2 3 3 3 3 3 3 3 2
U15 2 0 1 2 2 3 2 2 2 2 3 3 2 2 2
U16 2 0 3 2 2 3 3 2 2 2 3 2 3 3 3
U17 2 1 2 1 3 3 2 3 2 2 3 3 2 3 3
U18 1 0 2 1 1 2 1 3 2 1 3 2 1 1 3
U19 2 0 4 1 2 3 2 3 3 2 3 3 2 2 3
U20 3 1 2 2 2 4 3 3 3 3 4 3 3 3 4
U21 2 1 4 0 2 2 2 2 4 1 2 2 1 2 2
U22 2 2 4 0 2 3 2 3 4 2 3 3 3 2 2
U23 2 2 4 0 3 3 2 1 2 2 2 2 2 3 2
U24 2 1 4 1 3 2 2 2 3 2 3 2 2 2 2
U25 2 1 3 1 2 3 2 3 3 2 2 3 2 3 2
U26 2 1 2 1 3 2 1 2 3 2 3 3 2 2 2
U27 2 2 2 1 2 2 1 2 2 2 2 2 2 3 2
U28 4 1 4 1 3 3 3 3 2 3 2 2 3 3 3
U29 1 1 3 1 2 2 2 2 2 2 2 2 2 2 2
U30 2 1 3 1 2 3 1 4 4 2 2 4 1 4 2
U31 2 1 3 2 3 4 3 3 4 3 3 4 2 4 3
U32 2 1 3 1 2 3 1 4 4 2 3 3 1 3 2
U33 2 1 3 1 3 3 4 4 4 3 3 3 2 4 3
U34 2 1 3 1 3 4 2 4 4 2 3 4 1 4 2
U35 3 1 3 0 3 3 1 3 3 2 4 3 1 3 2
U36 3 1 3 1 3 4 2 4 4 3 3 4 2 4 3
U37 3 2 3 1 3 3 2 3 3 2 3 3 2 4 3
U38 2 1 2 1 2 2 2 3 3 2 3 3 2 3 2
U39 2 2 3 1 3 3 2 3 4 3 4 4 2 3 3
U40 2 1 3 1 2 3 2 3 3 2 3 3 2 2 2
U41 2 1 4 1 2 3 2 3 3 2 3 3 2 3 2
U42 2 1 4 1 2 3 2 3 3 2 3 3 2 3 2
U43 2 2 2 1 2 2 2 3 4 1 3 3 1 2 2
U44 2 1 4 0 2 3 2 3 4 2 3 3 2 3 2
U45 2 2 4 1 3 4 2 4 4 4 4 4 3 4 3
U46 2 2 3 0 2 3 2 3 3 2 4 3 2 3 2
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Table A2. Cont.

Company Number Company
16

Company
17

Company
18

Company
19

Company
20

Company
21

Company
22

Company
23

Company
24

Company
25

Company
26

Company
27

Company
28

Company
29

U1 2 1 4 2 0 1 1 2 3 1 3 1 3 2
U2 3 1 3 3 0 0 0 2 3 1 4 2 2 2
U3 2 1 4 3 1 1 1 1 3 1 4 1 2 3
U4 1 2 4 4 2 2 2 2 3 2 3 1 3 2
U5 2 2 4 4 2 2 1 3 2 2 4 1 3 2
U6 2 2 3 3 1 1 1 2 2 2 3 1 2 2
U7 2 2 3 3 1 1 1 2 2 2 4 1 3 3
U8 2 1 3 3 1 1 1 2 3 1 4 1 3 2
U9 2 2 3 3 0 2 0 2 3 2 4 1 3 4

U10 4 1 2 4 1 0 1 2 4 2 5 1 2 1
U11 4 3 2 3 1 1 1 2 3 3 4 2 2 1
U12 4 1 3 4 1 0 1 3 3 2 5 1 2 2
U13 4 2 2 4 0 0 0 3 4 2 5 1 3 2
U14 3 2 3 3 1 1 1 2 3 2 4 1 2 1
U15 3 2 3 3 1 1 1 2 3 2 3 1 1 1
U16 3 3 3 4 2 1 1 2 4 2 4 1 3 2
U17 2 2 3 4 1 1 1 2 3 2 4 2 3 3
U18 2 1 3 3 1 1 1 2 3 1 4 2 2 1
U19 3 3 3 3 2 1 1 3 4 2 3 2 4 2
U20 3 2 4 4 2 1 1 3 3 3 4 1 4 3
U21 1 2 4 3 0 1 1 2 3 2 3 0 0 1
U22 2 2 4 3 0 2 2 3 3 3 3 1 1 1
U23 3 2 3 3 0 2 1 2 2 2 3 1 1 1
U24 1 1 3 3 1 3 1 2 2 1 4 1 2 2
U25 2 2 4 3 1 1 1 2 2 2 4 1 2 2
U26 3 1 3 3 1 1 2 2 2 0 3 1 2 1
U27 2 2 2 2 1 1 1 2 2 2 4 0 2 1
U28 2 1 2 3 1 2 1 2 3 2 4 0 1 2
U29 2 2 2 3 0 2 1 2 2 0 4 0 2 1
U30 2 1 3 4 1 1 1 2 2 2 3 1 2 2
U31 3 1 2 3 1 1 1 3 3 2 4 3 2 2
U32 2 1 3 3 1 0 1 3 2 1 3 1 3 2
U33 3 1 2 4 1 1 1 3 2 2 4 1 3 2
U34 2 2 3 3 1 1 1 3 3 2 4 2 3 2
U35 3 1 3 2 0 1 0 2 3 1 3 2 3 2
U36 3 2 3 3 1 0 2 3 4 2 4 2 2 3
U37 2 2 3 3 2 2 2 3 3 2 4 1 3 3
U38 2 2 4 3 1 1 1 2 3 2 4 2 3 3
U39 3 3 3 4 2 2 1 3 3 1 5 2 2 4
U40 2 2 3 2 1 1 2 2 3 1 3 1 2 2
U41 2 2 3 3 1 1 2 2 2 1 4 1 2 2
U42 2 2 4 3 1 1 2 2 2 2 3 1 1 2
U43 1 2 4 3 1 1 1 2 2 1 3 2 1 2
U44 1 2 3 3 0 0 1 2 2 2 4 2 1 2
U45 2 2 4 3 1 2 2 2 3 2 4 2 2 3
U46 2 2 4 3 1 1 1 2 3 1 3 1 1 2
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Table A3. Value of the pointer, subdimension, and dimension, then the value of the whole area of internal logistics.

Company Number
Subdimension Dimension Final Value of

Intermal LogisticsSD1 SD2 SD3 SD4 SD5 SD6 SD7 SD8 SD9 SD10 SD11 SD12 SD13 SD14 D1 D2 D3 D4 D5

Company 1 1 1 2 1 1 1 1 1 2 1 2 2 1 2 1 1 2 2 2 1
Company 2 1 1 1 0 0 0 1 0 1 0 0 1 0 1 1 0 1 1 1 1
Company 3 3 3 3 1 1 2 4 3 3 3 3 2 3 3 3 1 3 2 3 3
Company 4 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0
Company 5 1 2 2 2 2 1 2 2 2 2 3 2 1 2 2 2 2 2 2 2
Company 6 3 3 2 3 2 3 2 2 2 3 3 2 3 3 3 3 2 3 3 3
Company 7 0 2 1 2 2 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1
Company 8 3 3 3 1 2 3 1 2 2 4 3 3 3 3 3 2 2 3 3 3
Company 9 4 3 3 2 2 2 3 3 1 4 3 3 3 4 4 2 2 4 3 3

Company 10 1 2 1 2 2 1 1 1 2 2 2 2 1 2 1 2 1 2 2 2
Company 11 1 3 2 3 3 3 2 2 1 2 3 3 3 3 2 3 2 3 3 3
Company 12 3 3 3 3 2 2 2 2 1 3 3 3 3 3 3 2 2 3 3 3
Company 13 2 2 3 2 2 1 1 1 2 1 1 1 1 1 2 2 2 1 1 2
Company 14 1 2 1 3 2 1 2 2 2 4 3 3 2 3 2 2 2 3 2 2
Company 15 0 2 2 3 2 3 1 1 2 2 2 2 1 2 1 3 2 2 2 2
Company 16 2 1 1 4 2 2 1 1 1 2 2 2 1 1 1 3 1 2 1 2
Company 17 0 1 1 1 2 1 1 1 1 0 1 2 1 1 1 1 1 1 1 1
Company 18 3 3 3 2 3 3 3 3 1 2 3 3 3 4 3 2 3 2 3 3
Company 19 2 3 3 4 3 3 3 3 2 3 2 3 2 3 3 3 2 3 2 3
Company 20 0 1 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0
Company 21 0 1 1 0 0 0 1 1 1 0 0 1 0 0 1 0 1 0 0 1
Company 22 0 1 0 0 0 0 1 1 0 0 0 1 1 1 0 0 1 1 1 1
Company 23 1 2 1 2 1 2 2 1 1 2 2 2 1 1 1 2 2 2 1 2
Company 24 3 2 2 3 3 3 2 1 2 2 3 3 2 2 2 3 2 2 2 2
Company 25 0 1 1 2 1 1 2 0 1 1 1 1 1 1 1 2 1 1 1 1
Company 26 3 3 4 5 4 3 3 3 4 3 3 4 3 3 3 4 3 4 3 4
Company 27 1 0 0 1 1 1 0 0 0 1 1 1 0 1 1 1 0 1 1 1
Company 28 2 2 3 2 2 3 0 1 1 2 2 2 1 1 2 2 1 2 1 2
Company 29 2 1 2 1 1 1 0 1 1 1 2 3 1 2 2 1 1 2 2 1
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