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Objective: In the context of the Fourth Industrial Revolution (Industry 4.0), one of the more
frequently discussed topics in the literature is the issue of maturity and readiness to implement
Industry 4.0 solutions. The purpose of this article is to collect the dimensions of the
implementation of modern technological solutions and to present the developed research tool
for the functional area of the enterprise, which is “production management”. The presented
results are part of a broader research.

Methodology: The research methods consist of a multiple and extensive literature review of
maturity models and models of readiness of organizations to implement the concept of Industry
4.0. Based on the review of literature sources, a set of functional areas and dimensions of
implementation was collected. Using this data, a proposal for a research tool was developed to
systematize the levels of sophistication of the dimensions in specific functional areas of the
organization.

Conclusions: The result of the study is a proposal for a research tool for the “production
management” area, which will be used to conduct the planned pilot study. This element is the
next step in the development of the final research tool verifying the dimensions of Industry 4.0
implementation in the presented functional areas of manufacturing enterprises.
Limitations/indications: Functional areas in manufacturing organizations may vary depending
on the specifics of the enterprise. Likewise, the dimensions of Industry 4.0 implementation
gathered from literature studies do not represent a closed set. Further studies detailing these
aspects are advisable. It is also necessary to carry out a pilot study, based on which it will be
possible to correct or confirm the effectiveness of the tool.

Practical implications: The developed survey tool will provide the opportunity to conduct
a comprehensive survey in manufacturing enterprises and at the same time can be used when
performing self-assessment of the organization at the time of making decisions related to the
implementation of modern technologies.

Originality/substantive value: The developed research tool will quickly and effectively allow
decision-makers in enterprises to identify the current situation of their organizations, determine
the target state and identify competency, technical, and organizational gaps. As part of their
own research, it will allow the authors to conduct a pilot study in manufacturing enterprises.
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Introduction

Changing political, legal, social, environmental, economic and technological conditions
directly affect the way organizations are managed. Dynamics in technological development,
combined with the guidelines of Agenda 20230 (A/RES/70/1 Transforming Our World:
The 2030 Agenda for Sustainable Development, 2030) for sustainable development presents
companies with new challenges. As defined by (Stock, Seliger, 2016) Industry 4.0 is a stage
just in the direction of sustainable industrial value creation and its main goal is to connect the
real physical world with the digital factory and thus create a Smart Factory (Grabowska, 2021).
The Smart Factory provides flexible and adaptive production processes, problem solving and
immediate responses to changes and complexity in planning processes.

This paper aims to present and discuss one of the dimensions of the implementation of
technological solutions included in the broader issue of Industry 4.0, namely “production
management.” This study is a continuation of previous literature studies that dealt with the
implementation of Industry 4.0 in manufacturing organizations (Michna et al., 2021; Michna,
Kruszewska, 2020, 2021, 2022a, 2022b, 2022c¢) and to address the research gap on tools tailored
to the specifics of small and medium-sized organizations, the vast majority of which are still at
initial levels of maturity/readiness to implement Industry 4.0 technology solutions (Amaral,
Pecas, 2021; Schuh et al., 2021). The result of the analysis presented here is the next step in the
development of the final research tool to verify the overarching research hypothesis:
“It is possible to rank the identified implementation barriers and drivers of Industry 4.0
implementation in terms of the strength of impact on the various dimensions of Industry 4.0
implementation in small and medium-sized manufacturing companies in the automotive
industry”.

The research discussed in this dissertation was carried out in accordance with the scheme
presented in Figure 1, which also includes the summaries used within the framework of this
study. The dissertation begins with the definition of functional areas in manufacturing
organizations, developed on the basis of requirements collected in the international standard for
quality management systems — PN-EN ISO 9001 issued in 2015. Literature research in the
subject area of Industry 4.0, models of maturity and readiness for the implementation of modern
technological solutions, resulted in the development of a map of the dimensions of
implementation of Industry 4.0. Subsequently, the dimensions of implementation were
allocated to individual functional areas of the enterprise, which is shown in Figure 2. The area
of production management in technical and organizational terms was selected for detailed
discussion. In this aspect, the literature was reexamined, this time with a special focus on the
issues of organizational maturity related to the production area. The levels of maturity in the
implementation of the various dimensions in the production management area were presented

as a proposed research tool. Its design is based on the VDMA Industry 4.0 Toolbox solution
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(Anderl, 2016; Rauen et al., 2016; Chong et al., 2018; Wang et al., 2018; Mohammad et al.,
2019). Its main advantage is to visualize the steps — the levels of advancement of the
organization in the implementation of a dimension in a specific area. For example: levels of
advancement from 1-5, of the dimension “standardization” in the functional area “production

management.”

Definition of functional areas of the Organization based on
the requirements of 1ISO 9001

Literature research: maturity levels, levels of readiness to
implement Industry 4.0 solutions, business models — defining
a set of dimensions

Development of a map of functional areas and allocation of
dimensions

Literature research: definition of the levels of advancement
of the implementation of a given dimension

Development of the final research tool for the area:
production management

Figure 1. Study plan diagram. Source: Own elaboration.

Dimensions of implementation of Industry 4.0 in functional areas

The requirements for the operation of the organization are collected in the international
standard PN-EN ISO 9001:2015 (ISO 9001, 2015). Starting from the location of the
organization in the social, economic, legal, environmental, and technological space, through
the establishment of the organization’s structure, its processes, resources, responsibilities and
authority, to operational activities, i.e. production or service delivery, logistics, change
management and continuous improvement. Considering the standard’s requirement to define
the organization’s internal processes, manufacturing companies use similar process divisions
into: management processes (business management, human resources, quality management
system, safety, environment, energy, etc.); core processes (sales, marketing, design, product
development, production, logistics, customer service); and support processes (maintenance,
IT, purchasing, quality control, finance and accounting). Figure 2 shows the most common
processes in manufacturing organizations, which at the same time constitute the functional areas
of companies. The nomenclature of the areas used and the division of responsibilities within

these areas depends on the specifics, size, and internal decisions of individual enterprises.
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Finance management HR'management

Logistic management Production management:

COMPANY
SRAECBHE MANAGEMENT —13

Quality management Product engineering

Maintenance & Infrastructure

Sales & purchasing

Figure 2. Processes — organizational areas in manufacturing enterprises.
Source: Own elaboration based on (Michna, Kruszewska, 2022c).

The “organization management” process is responsible for the development of business
strategy, policies, goals, leadership, performance and development of the company.
The “personnel management” process covers all aspects of employees: recruitment,
development, training as well as termination. The “OHS” (health and safety) process is
responsible for maintaining internal processes so that they are safe for all employees, while the
“CSR - ESG” (CSR — Corporate Social Responsibility, ESG — Environment, Social,
Governance) process focuses the organization’s attention on aspects broader than just health
and safety and namely elements related to the company’s performance and its impact on the
environment and society. The “financial management” or “finance and accounting” process
deals with budgets, costs, income, assets, current accounts, etc., while the “purchasing” process
is responsible for nominating and monitoring suppliers, purchasing components and materials
and “sales” is responsible for acquiring new projects and new customers and, of course, selling
products and services. The “IT” area includes all services related to IT equipment, installations,
cyber security, applications, IT and communications connections and systems. The process
most often referred to as “engineering or product design” but also as “product development” or
“research and development” includes in its scope product creation, research, functionality
verification and product innovation. Production technology and process development itself are
usually allocated in the “production”, “production management” or “technology” process.
The “logistics management” process, on the other hand, is responsible for internal and external
material flows, warehousing and shipping. “Quality management” has as its responsibility the
supervision of quality systems that comply with industry standards or norms, planning and
quality assurance of products and services, while the “maintenance” process deals with all
infrastructure, machinery, and tools.

Literature research on maturity models of Industry 4.0 and models of readiness to
implement the concept (Michna, Kruszewska, 2022c) resulted in a set of dimensions of Industry
4.0 implementation, which, when assigned to individual areas, form the map shown

in Figure 3.
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In the functional area — “production management”, the literature distinguishes such
dimensions as production and operations, operational level and processes, production and
logistics organization, process orientation, process transformation, intelligent operations,
technical aspect of production, technology management. The literature research in terms of the
individual requirements for a particular dimension detailed the names and scope of the selected

dimensions the result of which is shown in Table 1.

Table 1.
Dimensions from literature sources and their adaptation
Dimensions — literature sources Dimensions — adjusted description
Production and operations, Process level Production management systems
Production and logistics organization
Operational level Data
Process orientation Standardization, Data
Process transformation M2M/Man2M communication (Machine-to-Machine & Man-
to-Machine)
Technological aspect of production Automation

Source: Own elaboration.

Production management as a dimension of Industry 4.0 implementation

Production management is a concept that combines many aspects, e.g., process
management, personnel management, product management, technological aspect (including
capabilities and limitations of manufacturing processes and machinery and equipment) and
organizational aspect (norms, standards, customer and internal process requirements,
visualization tools, work organization, methodologies such as lean management or continuous
improvement). The element that binds all these aspects together is data. Data that is necessary
for the correct development and planning of processes, data related to the status of the process,
the status of the product, its quality, the status of machinery and equipment, their working
efficiency, failure rate, etc. Obtaining accurate and real information about the state of the
process is very important in the management and development of production systems
(Racz-Szabo et al., 2020). Data allows optimization and improvement of processes, facilitating
making decisions and defining improvement actions. These actions include the implementation
of Industry 4.0 solutions.

The first of the dimensions discussed in this study — “automation” with its level of
implementation and use in the enterprise supports more efficient production, affects the
reduction of waste, reduces resources and achieves repeatability of manufacturing processes
(Zoubek et al., 2021). Starting with the initial automation of individual manufacturing processes
or machining cells (Mittal et al., 2018), through linking machines into system infrastructures

including their full control through automation (Agca et al., 2016) all the way to the



Research on key competences. .. 85

phenomenon that is the “lights-out factory” (Zoubek et al., 2021) or a factory in which processes
can be carried out with the lights off thanks to automation and robotization. Table 2 shows the
collected aspects of automation broken down from the basic level of implementation —
1 to the most advanced level — 5. The scope that goes into each level of sophistication was
collected through literature research. The content of each level was linguistically adapted,
capturing the translation from English, improving sentence style and optimization enabling

future respondents to more easily understand the issue at hand.

Table 2.
Literature sources for the automation dimension

AREA: Production management; DIMENSION: Automation
# | Source Source description Adjusted description
1 | (Mittal et al., 2018) “Single-station automated cells” 1. None or little implementation of
(Zoubek et al., 2021) | “Lack of implementation in automation of production processes —
production processes” single automated
(Agca et al., 2016) “Machines cannot be controlled workstations/machining nests.
through automation” 2. Machines are not/cannot be
controlled or managed through
automation.
2 | (Mittal et al., 2018) “Automated assembly systems” 1. Basic level of automation of
(Zoubek et al., 2021) | “Partial connection of production production processes with required
equipment (machines, production participation of workers, e.g.,
lines) with information systems — automated assembly systems.
basic digitization. 2. Partial connection of production
Basic automation of production equipment (machines, production lines)
processes with the participation of with information systems — basic
workers” digitization.
(Agcaetal., 2016) “Few machines can be controlled
through automation”
3 | (Mittal et al., 2018) “Flexible production system” 1. Some machines and system
(Zoubek et al., 2021) | “Automated machines and production | infrastructure can be controlled through
lines with human collaboration. automation. Automated machines and
Communication conducted online” production lines with human
(Agca et al., 2016) “Some machines and system collaboration. Communication
infrastructure can be controlled conducted online.
through automation” 2. Flexible production system.
4 | (Mittal et al., 2018) “Computer-integrated production 1. Most machines and system
system” infrastructure can be controlled through
(Zoubek et al., 2021) | “Use of robots to replace workers — automation. Use of robots to replace
process supervision still required. workers — process supervision still
Machines and production lines required.
autonomously connected” 2. Computer-integrated production
(Agcaetal., 2016) “Most machines and system system. Machines and production lines
infrastructure can be controlled autonomously connected.
through automation”
5 | (Mittal et al., 2018) “Reconfigurable production system” 1. Machines and systems can be
(Zoubek et al., 2021) | “Highest form of autonomous completely controlled through
manufacturing company — fully automation. Highest form of
robotic and autonomous machines; autonomous manufacturing company —
implementation of “/ights-out fully robotic and autonomous
factory” machines; implementation of “lights-
(Agcaet al., 2016) “Machines and systems can be out factory”.
completely controlled through 2. Reconfigurable production system.
automation”

Source: Own elaboration.
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The effectiveness of organizations making digital transformation also depends on parallel
management improvement, which is related to production management, but also to the
management of the entire organization. Investing only in modern technologies without
improving management can lead to the opposite of the intended results (Kryukov et al., 2022).
Considering the possibilities within production management systems, we have a whole set of
tools: from ERP (Enterprise Resource Planning) systems — enabling the management of
production information at a strategic and financial level, through MES (Manufacturing
Execution System) systems — systems for managing and monitoring production processes in real
time, PPC (Production Planning and Control) systems — a tool that enables production planning
and monitoring to ensure productivity and efficiency, up to the full compatibility of these
systems and common communication and all this to ensure cost minimization and increase
efficiency (Chong et al., 2018; Kryukov et al., 2022; Mohammad et al., 2019; Rauch et al.,
2020).

Table 3 shows the set of individual levels of sophistication within Production Management

Systems.

Table 3.
Literature sources for the production management systems

AREA: production management; DIMENSION: production management systems
Source Source description Adjusted description

(Rauch et al., 2020)

“No ERP-class system”

(Kryukov et al., 2022)

“IT systems are not used for the
implementation of production processes
or their basic IT tools are used: computer
hardware, MS Office level software”

(Anderl, 2016; Rauen
et al., 2016; Chong et
al., 2018; Wang et al.,
2018; Mohammad et
al., 2019)

“Lack of networking of production with
other business units”

1. IT systems are not used for the
implementation of production
processes or their basic tools are
used: computer hardware, MS
Office level software. No ERP-
class system.

2. Lack of connection of
production with other units of the
organization.

(Rauch et al., 2020)

“ERP system implemented”

(Kryukov et al., 2022)

“Systems and services that exclude the
presence of paper media are used to
implement the process”

(Anderl, 2016; Rauen
et al., 2016; Chong et
al., 2018; Wang et al.,
2018; Mohammad et
al., 2019)

“Exchange of information via
mail/telecommunications”

1. Systems and services that
exclude the presence of paper
media are used to implement the
production process. ERP-class
system implemented — planning
system.

2. Exchange of information with
other organizational units is
performed via
mail/telecommunications.
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Cont. table 3.

communicate with each other”

(Kryukov et al., 2022)

“The efficiency of the company’s
process is greatly enhanced by
automating it. Changing a company’s
processes is done by changing its
automated implementations. Integration
with external data sources of suppliers
and buyers. Use of artificial intelligence
systems for forecasting, diagnostics, and
recommendations”

(Anderl, 2016; Rauen
et al., 2016; Chong et
al., 2018; Wang et al.,
2018; Mohammad et
al., 2019)

“Cross-divisional fully networked IT
solutions”

3 | (Rauch et al., 2020) “ERP and PPC system. Production 1. An automated system tailored
planning and control system used to plan | to the company’s processes and
material requirements” standards is used to implement the

(Kryukov et al., 2022) “This process is executed through an production process. Automated
automated business management system. | management systems are used.
The automated system is tailored to the ERP and PPC production
company’s process. The implementation | planning and control systems
of the process using an automated system | have been implemented.
is reflected in the company’s standards” | 2. Information is exchanged with
(Anderl, 2016; Rauen “Uniform data formats and rules for their | other organizational units through
et al., 2016; Chong et exchange” the use of systems, using uniform
al., 2018; Wang et al., data and established rules for their
2018; Mohammad et exchange.
al., 2019)

4 | (Rauch et al., 2020) “MES or similar system implemented but | 1. An MES or similar system is

not integrated with ERP” used to implement the production

(Kryukov et al., 2022) “Automated process services are used to | process. However, it is not
evaluate process implementation results. | integrated with ERP. Data
Activity analysis is based on big data analysis is based on large data
analysis technologies that automatically | sets, reports are generated
generate reports and recommendations in | automatically and
real time. Changes to the automated recommendations are available in
system are planned” real time.

(Anderl, 2016; Rauen “Uniform data formats and 2. Information exchange with

et al., 2016; Chong et interdepartmental data servers” other organizational units is

al., 2018; Wang et al., carried out through the system,

2018; Mohammad et using uniform data and using

al., 2019) interdepartmental data servers.

5 | (Rauch et al., 2020) “ERP and MES are integrated and 1. An MES system fully

integrated with ERP is used to
implement the production
process. Integration with external
data sources of suppliers and
buyers. Use of artificial
intelligence systems for
forecasting, diagnostics, and
recommendations

2. Information exchange with
other organizational units is
carried out through fully
networked and inter-branch IT
solutions.

Source: Own elaboration.

In the area of manufacturing, the maturity of Industry 4.0 should be understood as full

integration, in which not only all production equipment (sensors, machines, robots, conveyors,

etc.) are connected and automatically exchange data and information with each other, but will

also become self-aware and intelligent enough to predict events, control and manage the entire

production system (Miiller, 2019; Stawiarska et al., 2021). The generation of data, its further

processing, storage, visualization, access, and its use in different areas of the organization
(Chong et al., 2018; Colli et al., 2019; Grufman, Lyons, 2020) constitute another dimension
shown in Table 4.
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Table 4.
Literature sources for the data dimension

AREA: production management; DIMENSION: data

# | Source Source description Adjusted description

1 | (Stawiarska et al., 2021) “Data from the components that 1. The elements that make up the
make up the production system are production system do not generate
not generated and processed” data — thus, data is not processed.

(Colli et al., 2019) “Lack of presence of digital data
generating assets in the organization”

(Grufman, Lyons, 2020) “No data for further use”

(Anderl, 2016; Rauen et “Lack of data processing”

al., 2016; Chong et al.,

2018; Wang et al., 2018;

Mohammad et al., 2019)

2 | (Stawiarska et al., 2021) “Data from production systems are 1. The components that make up
exclusively generated and stored” the production system exclusively

(Colli et al., 2019) “Digital processes are in place and generate and store data. Interfaces
working because assets generate exist to access and visualize data
digital data”. for anyone who needs it.
“Interfaces exist to access and 2. Data shall be stored for
visualize data for anyone who needs documentation purposes,
it” visualized and used as needed.

(Grufman, Lyons, 2020) “Data is used for a few select
purposes (greater transparency, etc.)”

(Anderl, 2016; Rauen et “Data storage for record-keeping

al., 2016; Chong et al., purposes”

2018; Wang et al., 2018;

Mohammad et al., 2019)

3 | (Stawiarska et al., 2021) “Data from production systems are 1. Data from production systems
analyzed to monitor production are generated, processed, and
processes” analyzed. Tools exist to process

(Colli et al., 2019) “Tools exist to process the data, the data, correlate and analyze it,
correlate and analyze the data and and communicate the results to
communicate the results to the user” | the user.

(Grufman, Lyons, 2020) “Some data is used for process 2. Data is analyzed and used
optimization (predictive maintenance, | mainly for monitoring. “Some
etc.)” data is used to optimize

(Anderl, 2016; Rauen et “Analyzing data to monitor the production processes

al., 2016; Chong et al., process” (maintenance, predictive actions,

2018; Wang et al., 2018; etc.)”.

Mohammad et al., 2019)

4 | (Stawiarska et al., 2021) “Data from production systems are 1. Data from production systems
analyzed and evaluated to plan and are generated, processed,
control production processes” analyzed and evaluated to plan

(Colli et al., 2019) “There are assets or tools that can and control production processes.
operate autonomously according to There are resources/tools that can
the information received after the operate autonomously according
analytical process” to the information received after

(Grufman, Lyons, 2020) “Data is used in several areas for the analytical process.
optimization” 2. Data is used in several areas to

(Anderl, 2016; Rauen et “Evaluation for process optimize, plan and control

al., 2016; Chong et al., planning/control” production processes.

2018; Wang et al., 2018;

Mohammad et al., 2019)
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Cont. table 4.

5 | (Stawiarska et al., 2021) “Production systems are 1. Production systems are
automatically planned and automatically planned and
controlled” controlled. “Resources deployed

(Colli et al., 2019) “Resources deployed throughout the | throughout the supply chain can
supply chain can interact and interact and reconfigure
reconfigure themselves to optimize themselves to optimize
performance” performance”

(Grufman, Lyons, 2020) “Data is used for comprehensive 2. Data is used for comprehensive
process optimization” process optimization.

(Anderl, 2016; Rauen et “Automatic scheduling/process

al., 2016; Chong et al., control”

2018; Wang et al., 2018;

Mohammad et al., 2019)

Source: Own elaboration.

Table 5 contains a set of elements related to M2M (Machine to Machine) machine-to-
machine and man-to-machine (Man2M) communication. Such components as infrastructure,
machine integration, PLCs (Programmable Logic Controller), user interfaces, data processing
capability, visualization and use of augmented reality, networking, Internet, industrial Ethernet
interfaces that is, data communication standards in industrial automation that allow various
devices to be connected over an Ethernet network (Stawiarska et al., 2021), field bus interfaces
or data communication standards used to connect devices on a single bus (Mittal et al., 2018;
Mohammad et al., 2019), interaction and cooperation between different systems within a single
open ecosystem (open system interconnections) are aspects that need to be considered in the

M2M or a Man2M communication dimension (Grufman, Lyons, 2020).

Table S.
Literature sources for the M2M communication dimension
AREA: production management; DIMENSION: M2M communication
# | Source Source description Adjusted description
1 (Grufman, Lyons, “The infrastructure of machines and 1. Machine-to-Machine communication
2020) systems cannot be controlled by IT and | No communication. There is no
lack of integration (M2M)”. automatic communication between
“No exchange of information between | machines and production equipment.
the user and the machine” Infrastructure of machines and systems
(Mittal et al., 2018; | “No communication”. cannot be controlled by IT, no
Mohammad et al., “No exchange of information between | integration (M2M), Control by PLC.
2019) the user and the machine” 2. Man-to-Machine communication
(Stawiarska et al., “There is no automatic communication | No exchange of information between
2021) between machines and production the user and the machine. No data
equipment”. exchange.
“There is no exchange of information
or data in man-to-machine interaction”
(Amaral, Pecas, “PLC-controlled sensors and
2021) integrators.”




90

A. Michna, J. Kruszewska

Cont. table 5.

2020)

2 | (Grufman, Lyons, “Some machines can be controlled by 1. Machine-to-Machine
2020) IT, are co-operative or have M2M communication. PLCs are used, Field
communication capabilities” Bus Interfaces — connection of devices
(Mittal et al., 2018; “Field Bus Interfaces.” on a single bus. Devices (sensors,
Mohammad et al., “Use of local user interface” controllers, and IT systems) exchange
2019) information and data between each
(Stawiarska et al., “Only local exchange of data and other. Some machines can be
2021) information in man-to-machine controlled by IT, are co-operative or
interaction (e.g., only at a given have communication capability. Data
production site)”. processing capability.
“Machines and equipment are equipped | 2. Man-to-Machine communication.
with PLCs” Use of local user interface. Only local
(Amaral, Pegas, “Data processing capability” exchange of data and information in
2021) man-to-machine interaction (e.g., only
at a given production site).
3 | (Grufman, Lyons, “The infrastructure of machines and 1. Machine-to-Machine
2020) systems can be controlled through IT communication. The infrastructure of
and is partially integrated” machines and systems can be
(Mittal et al., 2018; | “Industrial Ethernet interfaces.” controlled through IT and is partially
Mohammad et al., “Centralized/decentralized production, | integrated. The devices communicate
2019) monitoring/control” over an industrial Ethernet network.
(Stawiarska et al., “The devices communicate over an Machines can exchange information.
2021) industrial Ethernet network.” 2. Man-to-Machine communication.
“Monitoring and control of production | Monitoring and control of production
processes can be carried out centrally processes can be carried out centrally
and locally” and locally.
(Amaral, Pegas, “Machines can exchange information”
2021)
4 | (Grufman, Lyons, “Machine can be completely controlled | 1. Machine-to-Machine
2020) by IT, is partially integrated (M2M) or | communication. The devices have
co-operative” Internet access, can be completely
(Mittal et al., 2018; | “Machines have Internet access.” controlled by IT, are partially
Mohammad et al., “Man2M — Using the mobile user integrated or co-operative. Open-
2019) interface” system interconnections (no need for
(Stawiarska et al., “Machines and devices have Internet modification or integration of systems).
2021) access”. 2. Man-to-Machine communication.
“Mobile devices are used to exchange | In man-to-machine interaction, mobile
data and information in man-to- devices are used to exchange data and
machine interaction” information — mobile user interface.
(Amaral, Pegas, “Open system interconnections”
2021)
5 | (Grufman, Lyons, “Machines and systems can be 1. Machine-to-Machine communication

controlled almost entirely by IT and are
fully integrated (M2M)”

(Mittal et al., 2018;
Mohammad et al.,
2019)

“Internet service (M2M software)”.
“Man2M — augmented and assisted
reality”

(Stawiarska et al.,
2021)

“Machines and devices communicate
with each other through network
services, Machine to Machine (M2M)
software”.

“Man-to-machine interaction uses
assistive software, augmented reality,
etc., to exchange data and information”

(Amaral, Pecas,
2021)

“Open systems control system”

Machines and systems can be
controlled almost entirely by IT, are
fully integrated and communicate with
each other through network services
and M2M software. Use of systems to
control open systems.

2. Man-to-Machine communication.
Assistive software, augmented reality,
etc., are used to exchange data and
information.

Source: Own elaboration.
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The last dimension selected for this study is “Standardization” — Table 6. This dimension
includes issues related to the Lean Management concept, quality management and maintenance
management. These three issues combine the requirements of maintaining work standards,
meeting organizational and customer requirements and continuous process improvement.
Concepts and tools such as MRO (maintenance, repairs, and operations) or, in short,
a collection of various activities related to the upkeep and maintenance of machinery and
equipment, as well as their repair and improvement, to ensure smooth and efficient operation
(Zoubek et al., 2021), whether CMMS (Computerized Maintenance Management System) or,
on the other hand, QMS (Quality Management System) (Kumar et al., 2020) along with a full
range of standardized processes, just as the broad area of Lean Management (Maasouman,
Demirli, 2015) are a representation of the elements included in the sophistication within the

latter dimension.

Table 6.

Literature sources for the Standardization dimension. Source: Own elaboration.

AREA: production management; DIMENSION: standardization

# | Source Source description Adjusted description

1 | (Zoubek et al., 2021) “Lack of MRO implementations 1. UR — Basic monitoring of
(maintenance, repairs, and machinery and equipment, no
operations)”. MRO (maintenance, repairs, and
“Basic monitoring. Minimization of operations) implementations.
unnecessary movement and ease of 2. Lack of Lean Management
transportation. Proper (including use initiatives.
of natural) lighting and ventilation.” 3. Quality 1.0 Self-Monitoring.

(Maasouman, Demirli, “Lack of Lean initiatives”

2015)

(Caballero et al., 2008) “Information quality (IQ) management
objectives have not been defined”

(Kumar et al., 2020) “Quality 1.0 Self-Monitoring”

2 | (Zoubek et al., 2021) “Small CMMS implementation, 1. Small CMMS implementation,
maintenance processes focused on maintenance processes focused on
functionality. A paperless maintenance | functionality. A paperless
management system” maintenance management system.

(Maasouman, Demirli, “Lean initiatives have resulted in an 2. Lean Management principles are
2015) understanding of Lean principles” understood by the Organization.
(Caballero et al., 2008) | “The information management system | 3. Quality 2.0. Inspection/control/
(IMP) has been defined and planned. assurance/standards. Repeatability
The process is therefore repeatable” of conducting internal processes.
(Kumar et al., 2020) “Quality 2.0 Inspection/control/
assurance/military standards”

3 | (Zoubek et al., 2021) “MRO implemented. Mainly through 1. MRO principles are
the use of CMMS and other business implemented; CMMS or other
information systems” business information systems are

(Maasouman & Demirli, | “Lean initiatives have resulted in an used.
2015) implementation of lean principles” 2. Lean initiatives have led to the
(Caballero et al., 2008) “IMP’s integrated information implementation of Lean
management system is defined and Management principles.
aligned with IQ requirements. 3. Quality — management systems
As a result, the process can be have been implemented.
managed in accordance with the
organizational policy on 1Q”.




92 A. Michna, J. Kruszewska

Cont. table 6.

4 | (Zoubek et al., 2021) “Level 3 + Implementation of artificial | 1. Artificial intelligence, online
intelligence (Al), use of online sensors - Internet of Things -
sensors, dashboards” are being used in maintenance

(Maasouman, Demirli, “Lean initiatives have resulted in the operations.

2015) improvement of lean principles” 2. Lean initiatives lead to

(Caballero et al., 2008) “Information management processes continuous improvement in the
are integrated, and plans for obtaining | production area and to improve the
them are developed and automated. lean tools and principles used.
Thus, IMP can obtain repeatable and 3. Quality 3.0 Software is used to
reliable data” manage quality improvement and

(Kumar et al., 2020) “Quality 3.0 Software for quality quality planning. Implemented
management, improvement and management systems function and
planning” are constantly improved.

5 | (Zoubek et al., 2021) “Completely implemented in MRO. 1. Completely implemented MRO.
Big data and predictive maintenance CMMS systems are used. Big data
as catalysts for performance analytics are used for predictive
improvement” action. Continuous efficiency

(Maasouman, Demirli, “Lean initiatives have resulted in the improvements.

2015) stability of lean principles” 2. Lean initiatives lead to

(Caballero et al., 2008) “IMP optimization is managed improvements in the production
quantitatively, and measures are used | area and the consolidation of lean
to improve its performance. Thus, the | principles. Lean Management
process is subject to continuous principles are built into the
improvement” Organization Management System.

(Kumar et al., 2020) “Quality 4.0 Continuous quality 3. “Quality 4.0 — Continuous
through real-time data and IoT” quality through real-time data and

[0T.”

The different levels in the tables above have been developed in such a way that it is possible
to build a research tool. The target matrix is based on the “Toolbox” concept (Anderl, 2016;
Rauen et al., 2016; Wang et al., 2018; Chong et al., 2018; Mohammad et al., 2019). Its design
makes it possible to depict different elements and stages of development organized in
a sequence from low level to high sophistication within a given dimension. The strength of this
tool is the easy identification of progress and competence within the organization according to
the selected areas and their dimensions (Anderl, 2016; Wang et al., 2018). Figure 4 shows
an example of the “Toolbox’ for the “business model” area and the “quality improvement”
dimension (Wang et al., 2018). In this case, Level 1 is manual quality control, Level 2 is
automatic quality control, Level 3 is real-time control through connection to monitoring
sensors, Level 4 implies a knowledge-based process for detecting error patterns, and Level 5 is
automatic intervention in the process. By rearranging the information in such a clear and

obvious way, one can quickly recognize the severity of an issue.
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monitoring patterns

Figure 4. Example of Toolbox for a business model.

Source: Y. Wang, T. Tran, R. Anderl, Toolbox Approach for the Development of New Business
Models in Industrie 4.0. WCECS 2018, II.

Based on all of the above data and the information collected, a matrix of levels of
sophistication of dimensions within the “production management” area was developed.
Here, Levels 1 through 5 also determine the sequence of sophistication within an issue.
Tables 7-9 will present the final matrices along with the dimensions: automation, production
management systems, data, M2M communication, standardization; and the levels developed

based on the literature research conducted.



Table 7.
Level matrix: area — production management, dimensions — automation and production management systems

Area | Dimension Level 1 Level 2 Level 3 Level 4 Level 5
— — — — g
= =
. Lack of process automatization or . Basic degree of automation of production |1. Some machines and system infrastructure can|1. Most machines and system infrastructure can|1. Machines and systems can be completely

o 1. Lack of t tizati 1. Basic d f auts ti f ducti 1.5 hi d tem infrastructs 1. Most hi d tem infrastruct 1. Machi d t b letel
|: E little implementation of automation at  |processes with required participation of be controlled through automation. be controlled through automation. Use of robots|controlled through automation.
g E the production area - single automated |employees, e.g. automated assembly systems. |Automated machines and production lines with |to replace employees - process supervision still [The highest form of autonomous
o % workstations / machining cells. human cooperation. Communication carried out [required. manufacturing company - fully robotic and
o 8 2. Partial connection of production online. autonomous machines; implementation of a
g ?I 2. Machines are not / cannot be equipment (machines, production lines) with 2. Computer-integrated production system. "lights-out factory."

controlled through automation. information systems - basic digitization. 2. Flexible production system. Machines and production lines are
autonomously connected. 2. Reconfigurable production system.
gl L
U Ul v - e =z P S~

= % v— r @) g i -~ g E = -(0)-

i v — }A{ ——— P

2 2| I 6o = O}

vl -

>

ﬁ 1. IT systems are not used for the 1. Systems and services that exclude the 1. An automated system tailored to the 1. An MES or similar system is used to 1. An MES system fully integrated with ERP is
= E implementation of production processes|presence of paper media are used to company's processes and standards is used to  |implement the manufacturing process. However, |used to implement the manufacturing process.
9 = or their basic tools are used: computer |implement the production process. An ERP -  |implement the production process. Automated  |it is not integrated with ERP. Data analysis is Integration with external data sources of
s i

o hardware, M5 Office level software. Lack |planning system has been implemented. management systems are used. ERP and PPC - based on large data sets, reports are generated |suppliers and customers.
o =
| ¢ZI of ERP-class systems. production planning and control systems have |automatically and recommendations are Use of artificial intelligence systems for
[m] = 2. Information exchange with other been implemented. available in real time. forecasting, diagnostics and
8 g 2. No connection of production with organizational units is carried out by mail / recommendations.
=8 f— other units of the organization. telecommunications. 2. Information exchange with other business 2. Information exchange with other business

G

2

(]

(o]

o

o

units is carried out using the systems, using
uniform data and established rules for their
exchange.

units is done through the system, using uniform
data and using interdepartmental data servers.

2. Information exchange with other business
units is carried out through fully networked
and inter-branch IT solutions.

Source: Own elaboration.




Table 8.

Level matrix: area — production management, dimensions — data and M2M communication

Area | Dimension Level 1 Level 2 Level 3 Level 4 Level 5
e g E p @l | = ° i
é a it & g
z /‘/
1. The elements that make up the 1. The components that make up a production |1. Data from production systems is generated, |1. Data from production systems are generated, 1. Production systems are automatically
=]
|: production system do not generate data -{system exclusively generate and store data. |processed and analyzed. Tools exist to process |processed, analyzed and evaluated to plan and |planned and controlled. "Resources deployed
o = thus data is not processed. There are interfaces to access and visualize |the data, correlate and analyze it, and control production processes. throughout the supply chain can interact and
=
2 g the data for anyone who needs it. communicate the results to the user. There are resources/tools that can operate reconfigure themselves to optimize
o
(=) autonomously according to the information performance.
e 2. Data is stored for documentation 2. Data is analyzed and used mainly for received after the analytical process.
a purposes, visualized and used when needed. |monitoring purposes. Some data is used to 2. Data is used for end-to-end process
optimize production processes (maintenance, 2. Data used in several areas to optimize, plan |optimization.
predictive actions, etc.). and control production processes.
[ TN c r. 1 :)
e = Lol | & 2
H H Ay
r == 8l o CAe | -
1. Machine-to-machine communication. (1. Machine-to-Machine Communication. 1. Machine-to-Machine Communication. 1. Machine-to-Machine Communication. 1. Machine-to-Machine Communication
= Lack of communication. There is no PLCs are used, Field Bus Interfaces- The infrastructure of machines and systems can |Devices have Internet access, can be completely |Machines and systems can be controlled
o automatic communication between connection of all devices on a single bus. be controlled via IT and is partially integrated. |controlled by IT, are partially integrated or co- |almost entirely by IT, are fully integrated and
=
O = machines and production equipment. Devices (sensors, controllers and IT systems) [Machines communicate via an industrial operative. Open-system interconnections communicate with each other through network
= o Infrastructure of machines and systems [exchange information and data between each |Ethernet network. Machines can exchange {without the need for modification or services, M2M software. System for
(8] =
= S cannot be controlled by IT, No other. Some machines can be controlled by IT,|information. integration of systems). controlling Open systems.
(=] = integration (M2M), Control by PLC. are co-operative or have communication
2
O capability. Data processing capab 2. Human-Machine Communication. Monitoring |2. Human-Machine Communication. Human- 2. Human-Machine Communication. Assistive
=
g g 2. Human-machine communication 2. Human-Machine Communication. and control of production processes can be machine interaction uses mobile devices to software, augmented reality, etc. are used to
] Lack of information exchange between  |Use of local user interface. Only local carried out centrally and locally. exchange data and information - mobile user exchange data and information.
user and machine. Lack of data exchange of data and information in human- interface.
exchange. machine interaction (e.g., only at a particular
production site).

Source: Own elaboration.




Table 9.

Level matrix: area — production management, dimensions — standardization

Area | Dimension Level 1 Level 2 Level 3 Level 4 Level 5
) =
® s 1. v gr =1 @ =
1. UR - Basic monitoring of machinery  |1. Small CMMS implementation, maintenance |1. MRO principles are implemented; CMMS or | 1. Artificial intelligence, online sensors - the 1. MRO has been fully implemented. CMMS
= and equipment, lack of MRO processes focused on functionality. other business information systems are used. Internet of Things - are being used in systems are being used. Big data analytics are
o g (maintenance, repair and operations) Paperless maintenance management system. maintenance activities. used for predictive action. Continuous
|: = implementations. 2. Lean initiatives have led to the improvement in efficiency.
o é 2. Lean Management principles are implementation of Lean Management principles. 2. Lean initiatives lead to continuous
8 E 2. Llack of Lean Management initiatives. |understood by the Organization. improvement in the production area and 2. Lean initiatives are leading to
(=) g 3. Quality 2.0 Inspection / control / 3. Quality - management systems have been improvement of the lean tools and principles improvements in the production area and the
o E 3. Quality 1.0 - Self-Monitoring, assurance [ standards. Repeatability of implemented. used. consclidation of lean principles. Lean
a running internal processes. Management principles are embedded in the
3. Quality 3.0 Software is used to manage Organization Management System.
quality improvement and quality planning. The
implemented management systems are 3. Quality 4.0 - Continuous quality through
functioning and being improved. real-time data and loT- Internet of Things.

Source: Own elaboration.
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Summary

Industry 4.0 solutions are intended to optimize and streamline processes, give the ability to
manage them in real time and on the basis of real and available data, so that, as a result,
production processes can be realized faster, production batches can be adapted more flexibly to
changing customer requirements and the economic situation of the environment (Wang et al.,
2018). Changes concerning the production area in terms of modern technological solutions are
inevitable and ubiquitous. However, the variation depending on the size of the organization and
the business sector means that the access, capabilities and use of Industry 4.0 solutions are not
homogeneous (Amaral, Pecas, 2021). Designed, based on detailed literature research, the tool
illustrates the elements and stages of implementation of each dimension within the “Production
Management” area. Designed for use in small and medium-sized enterprises, it fits into the
aforementioned research gap. A further elaboration of the levels of implementation of Industry
4.0 solutions in the other functional areas of the organization listed above, along with their
implementation dimensions, will provide the opportunity to conduct a comprehensive study.
This tool can also be successfully used in the future when performing a self-assessment of the
organization at the time of making decisions related to the implementation of modern
technologies, while allowing the generation of new ideas. Given the limitations of this tool
(number and selected functional areas, and selected dimensions), it is necessary to carry out
a pilot study on the basis of which guidelines will be developed for its possible correction and
improvement.
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